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Abstract 
This thesis describes the process of designing a system for visually impaired users to 
identify objects. Smartphones are empowering visually impaired people by providing 
independence. The two major mobile operating systems, Android and iOS, both 
include screen reading software. By enabling this feature, the content of the screen is 
read out loud and the way of interaction is changed. These screen readers have been 
further investigated to optimize the user experience. Furthermore, several options for 
identifying objects have been explored. The system has been evaluated by over a 
hundred blind and visually impaired users. This thesis presents how the design of the 
system was iteratively improved and in which way it is now being used. 
 
Keywords 
visually impaired, blind, accessibility, voiceover, talkback 
 
 
 
 
 
Abstrakt 
Denna avhandling beskriver processen med att utforma ett system för synskadade 
användare för att identifiera objekt. Smartphones ger upphov till synskadade genom 
att ge oberoende. De två stora mobila operativsystemen, Android och iOS, båda 
innehåller skärmläsningsprogram. Genom att aktivera denna funktion läses skärmens 
innehåll högt och interaktionsvägen har ändrats. Dessa skärmsläsare har vidare 
undersökt användarupplevelsen. Dessutom har flera alternativ för att identifiera 
objekt undersökts. Systemet har utvärderats av över hundra blinda och synskadade 
användare. Avhandlingen presenterar hur systemets utformning har förbättrats och 
på vilket sätt den nu används. 
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1. Introduction 
Many objects share the same shape and can therefore only be identified by their visual 
appearance. People with limited eyesight are dependent on the sight of others, such as 
friends, family, or a guidance dog. In the last couple of years, smartphones have 
evolved and are now able to fulfill this role, providing visually impaired people with 
greater independence.  
 
However, most people are unaware that smartphones are actively being used by people 
with a visual impairment. This awareness is likely caused because the screen is the 
most prominent part of a smartphone. At this moment you might also be wondering 
how someone who is blind can figure out what is being displayed. 
 
Well, this is where screen readers come into play. The two most popular smartphone 
operating systems, Android and iOS [1], include a screen reader. You can enable 
TalkBack on Android [2] and VoiceOver on iOS [3] from the accessibility settings. 
They change the way you interact with your smartphone. When the screen reader is 
enabled, interface elements are selected one by one.  
 
A touch is no longer a click, but a selection of an element. The content of this element 
is spoken out by the screen reader. Move to the next element by swiping to the right. 
Move to the previous element by swiping to the left. Found what you were looking for? 
Double tap to perform a click. There are many more gestures to help you with 
navigating through the interface. 
 
Back to the topic of identifying objects. The first solution that came to mind was using 
the camera. Recent work has shown the potential of using computer vision algorithms 
and deep convolutional neural networks to recognize objects in real-time [4]. 
However, you have to train the system for each object you want to recognize. Plus, it 
remains a big challenge to point the camera at the right object when you are blind. 
 
A second solution that came to mind was using radio-frequency identification 
techniques such as Near Field Communication (NFC). NFC-chips in smartphones can 
read NFC-tags from a maximum range of two centimeters [5]. A benefit compared to 
using the camera is that you can simply tap the NFC-tag to read it. Each NFC-tag has 
a unique identifier and can contain additional data. This could be used for 
identification purposes by linking the identifier to an object.  
 
The third solution makes use of barcodes to mark objects. Stores all over the world use 
the same concept with barcodes. The cashier scans a barcode and the system retrieves 
the name and price of the product. Can a similar system be applied to identify objects 
in your own household? 
 
This thesis presents a system for visually impaired users which uses a combination of 
barcodes and NFC-tags to identify objects. Users can mark objects using barcode and 
NFC stickers and then add their own message to identify them. The system has been 
designed using an iterative process taking the feedback of dozens of visually impaired 
and blind people into account. Finally, this thesis presents how this system contributes 
to the daily life of people with a visual impairment. 
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2. Theoretic Background 
In the following subchapters, important background information is given about topics 
presented further in this report. 
 
2.1. Related work 
There are products and apps on the market that help with the identification of objects.  
These systems use different methods for identification, such as barcodes, NFC tags, 
artificial intelligence and crowdsourcing to identify objects.  
 
A system using barcodes is the Envision ELI app, which is marketed as a personal 
assistant app which helps with identifying objects.  Labels to use with the Envision ELI 
app are available at $20,00 for 100 stickers ($0,20 each) [8]. The app is available for 
free on the App Store [9] and Playstore [10]. Each sticker contains a unique QR code 
which is used to identify the object. 
 
A popular product using marking labels is the PennyTALKS device [6]. This device 
offers the possibility to mark various products with digital labels. A spoken message 
can be attached to these labels, to be spoken back to you upon scanning it for the 
second time. The device costs €149,00 and comes with 232 labels [7], additional labels 
are available at €29,95 for 500 pieces (€0,03 each). 
 
A similar app is WayAround, which makes use of NFC tags. The app is marketed as an 
app to provide on-demand details about everyday things. Stickers to use with the 
WayAround apps are available at $19,99 for 25 stickers ($0,80 each) [11]. The app is 
available for free on the App Store [12]. 
 
There are a number of apps available which make use of Artificial Intelligence. 
Microsoft has developed Seeing AI, which can identify text, products, people, scenes, 
currency, color, handwriting, light and images [13]. Other apps making use of AI 
include TapTapSee [14], Envision AI [15] and iDentifi [16]. Most of these apps are the 
result of commercial research departments but are available for free. 
 
Lastly, there are apps leveraging the power of the crowd. Be My Eyes [17] and 
Bespecular [18] match a visually impaired user with a sighted volunteer. With 
Bespecular, a visually impaired user takes a picture. Sighted volunteers receive a 
notification with a request to describe the scene. Be My Eyes connects two users real-
time and streams a live video to the sighted user, who will essentially ‘be their eyes’. 
 
Systems have also been proposed by academic research groups, but most have not 
made their way to the market. For example, a system for visually impaired people to 
identify objects in the supermarket using NFC tags [19]. This system only focuses on 
grocery stores, but it also helps people to navigate to the right product. NFC based 
systems have also been proposed to help with indoor navigation, for example, in the 
subway [20]. 
 
In most cases these proposed systems were evaluated by just a few visually impaired 
and blind users [21]. Furthermore, it is notable that most system seem to focus on just 
one technology to identify objects. The system proposed in this thesis combines 
multiple strategies inside one app and was evaluated by over a hundred blind and 
visually impaired participants. 
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2.2. Smartphone accessibility 
Android and iOS have over 99% market share for smartphones sold worldwide, with 
86.2% and 12.9% respectively [1]. However, in the case of visually impaired customers 
the numbers are reversed, with iOS being far more popular then Android [22].  
 
The screen reader on iOS is named VoiceOver [3], the Android variant is named 
TalkBack [2]. Figure 1 shows how to activate the screen reader. When the screen 
reader is activated, all actions, alerts and notifications are spoken out. The screen 
readers work by highlighting interface element and introducing gestures to navigate 
through the interface. 
 
The basic gestures are the same for both systems: 
 

• Drag your finger to explore the screen; 
• Touch to select and speak an item;  
• Double tap to perform a click event; 
• Swipe left to move to the previous element; 
• Swipe right to move to the next element; 
• Swipe up to select the previous option; 
• Swipe down to select the next option. 

 
 
 
 
On Android you can swipe left with two fingers to go to the previous page. Swipe right 
with two fingers to move to the next page. On iOS you need to use three fingers for 
both gestures. 
 
On Android you can swipe up with two fingers to scroll up. Swipe down with two 
fingers to scroll down. On iOS you need to use three fingers for both gestures. 
 
On Android you need to swipe down, then left to activate the back button. On iOS you 
need to draw a Z-shape with two fingers. 
 
The reason for these differences is that all Android gestures can be made with one 
finger [23]. By using two fingers, the events are sent straight to the app as if they were 
one finger actions. There is no way to assign different behavior to the TalkBack 
gestures. 
 
On iOS, the behavior of six VoiceOver gestures can be changed [24]. The behavior of 
activating, incrementing, decrementing and scrolling within elements can be changed. 
Furthermore, there are two special gestures, escape and magic tap, that can be 
changed. The escape gestures dismisses a view by default, but the magic tap has no 
default action assigned to it. 
 
Both screen readers have their advantages and disadvantages. But the experience is 
defined by the implementation of the app developers. Generally, iOS apps have a better 
implementation which is reflected by the popularity of the operating system. The 
majority of visually impaired and blind users prefer an iPhone over an Android phone 
[22]. 

Figure 1: Enabling the screen reader 
on iOS (left) and Android (right) 
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2.3. Barcodes 
The way data is represented as a barcode is called a symbology [25]. Data is 
represented by bars and spaces, optional start and stop markers and the computation 
of a checksum. Linear symbologies are optimized to be scanned with lasers, such as in 
supermarkets. 2D symbologies require a camera and image processing to be decoded. 
 
Apple introduced the ability to detect barcodes in iOS 7, which was released on 18 
September 2013 [26].  Android introduced an API to detect barcodes with Google Play 
Services 7.8, which was released on 13 August 2015 [27]. The Android API supports 13 
barcode formats [28], the iOS API supports 11 barcode formats [29]. Google released 
the Mobile Vision API a couple months later, which can be used on both Android and 
iOS devices to detect barcodes. 
  
# Barcode Android iOS 
1 AZTEC ✓ ✓ 
2 Codabar ✓  
3 Code-39 ✓ ✓ 
4 Code-93 ✓ ✓ 
5 Code-128 ✓ ✓ 
6 Data Matrix ✓ ✓ 
7 EAN-8 ✓ ✓ 
8 EAN-13 ✓ ✓ 
9 Interleaved 2-of-5 ✓ ✓ 
10 PDF-417 ✓ ✓ 
11 QR Code ✓ ✓ 
12 UPC-A ✓  
13 UPC-E ✓ ✓ 

Table 1: Supported barcodes on Android 
and iOS 
 
The natively supported barcodes are 
listed in Table 1, their visual 
appearance is displayed in Figure 2. 
 
The challenge for visually impaired 
people is to point the camera correctly 
at the barcode. The 2D barcodes 
(Figure 2: 1, 6, 11) have two advantages. 
First of all, they can be scanned from 
steeper angles, and secondly, less 
contrast is needed compared to 1D 
barcodes [30]. 
 
Causes of unreadable barcodes are 
generally: low contrast, quiet zone 
violations, improper reading position, 
print or mark inconsistency, and 
damage or distortion [30].  

Figure 2: An overview of different barcodes 
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2.4. Radio-frequency identification 
Radio-frequency identification (RFID) is a wireless communication technology which 
uses electromagnetic fields to uniquely identify tags, which contain electronically 
stored information [31, p. 1].  
 
An RFID system consists of three basic components: a tag, a reader and a controller 
[31, p. 5]. The tag consists of at least a chip and antenna. The reader needs to have an 
antenna, radio-frequency module and a control electronics module. The controller 
needs to be able to process the input and output of the reader, this can be anything 
from a smartphone to workstation. 
 
There are two types of tags, active and passive [31, p. 6]. Passive tags do not have a 
built-in power source. Power to operate is obtained from the signal sent by the reader. 
Active tags do have a built-in battery, which is used as power source for data 
transmission. The biggest benefit is that active tags can transmit information over 
much larger ranges, up to hundreds of meters. Passive tags are limited to a few dozen 
meters, at best.  
 
Tags can hold any kind of information, such as serial numbers. The reader and tag can 
communicate with each other via radio waves.  Upon receiving the data, the reader 
passes this along to the controller, who can then process it.  
 
In the early 2000s, a subset of RFID with shorter communication 
range for security purposes was proposed as NFC: Near Field 
Communication.  The standards and protocol of the NFC format are 
based on the RFID standards outlined in ISO/IEC 14443 [32].  
 
On 6 December 2010, Android 2.3 Gingerbread was released, which introduced an 
NFC API [33]. This API has been expanded with the release of Android 2.3.3 on 9 
February 2011 [34] and Android 4.0 on 18 October 2011 [35]. NFC tags of type 1 
through 5 can be read from and written to [36]. 
 
Apple released the iPhone 6 on 9 September 2014 [37] and even though it did include 
an NFC-chip, an API was not released. Three years later, on 19 September 2017, iOS 
11 was released, which finally included an NFC API [38]. However, it is only available 
on iPhone 7 and newer.  
 
NFC tags of types 1 through 5 can be read, but there is currently no support to write 
data to tags [39]. A second limitation is that the NFC tag must include a NDEF 
message. NDEF stands for NFC Data Exchange Format and is a standardized method 
for a reader to communicate with an NFC tag [40]. If the tag does not contain a NDEF 
message, it will not be read. Finally, the third limitation is that the identifier of the tag 
cannot be read.  
 
However, although these are three major restrictions, there are workarounds. For 
example, the NDEF message could contain the identifier of the tag. Now that the two 
major mobile operating systems have an NFC API available for developers, new 
solutions can be created. In the context of this thesis, ISO/IEC 14443 chips operating 
at 13.56Mhz are most interesting as they are compatible with both Android and iOS.  
  

Figure 3: NFC tag 
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3. Methodology 
In [21] it was suggested that in order to meet expectations of visually impaired users, 
their needs and skills must guide the development from prototype to system testing to 
ongoing refinement. The goal was to follow this suggestion and consider feedback from 
visually impaired users in every stage of the process. 
 
You have to change the way of approaching research when working with visually 
impaired and blind users. Various part of traditional research require vision, such as 
obtaining written consent. That is not an option when your participants are blind, 
instead, obtain consent digitally because screen reading software can be used. 
 
Furthermore, as expected, it was challenging to find participants. Changes to the 
methodology choices were made and the required timeframe was increased with two 
months. The process is explained in the following four subchapters. 
 
3.1. Phase I: connecting 
Five organizations that support or assist people with a visual impairment were 
contacted in early March: 
 
1. Bartiméus: expertise organization that supports people with visual impairments 

to live life as they wish [41]. 
2. Het Schild: a residential care center with nursing home function for the blind and 

visually impaired [42]. 
3. Koninklijke Visio: offers information and advice, but also various forms of 

research, guidance, rehabilitation, education and living [43]. 
4. Oogvereniging: patient and interest organization for all people with eye disease 

in the Netherlands [44]. 
5. Robert Coppes: supports people who have a visual impairment and almost 

always have additional limitations [45]. 
 
Unfortunately, none of these organizations were able to offer support at this point. 
However, they did point me into the right direction to find participants on my own.  
 
3.2. Phase II: exploration 
The second phase was aimed at getting directly in touch with blind or visually impaired 
people. The ZieZo fair took place at 16 and 17 March in Utrecht, The Netherlands. This 
is the largest Fair in Europa showcasing aids for visually impaired and blind people in 
Europe [46]. 
 
Many insights were gathered by talking to people that were attending the fair. Some 
use cases for the system that were mentioned: 
• Knowing the expiry date of products such as milk; 
• Making the names on postboxes accessible; 
• Separating waste, knowing which bin is for which material. 
 
An innovation carrousel was hosted in the second day. One company ended up not 
being able to attend the event. My idea for identifying objects could be presented 
instead. Around 30 blind and visually impaired fans of technology listened to my 
presentation and some provided feedback afterwards. 
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3.3. Phase III: development 
The third phase focused on developing and launching the system, as well as finding 
participants willing to test it. It took a couple of weeks to fully understand and 
implement the VoiceOver and Talkback guidelines. Furthermore, it took several weeks 
before the first participants were found. 
 
Through acquittances, someone who trains a guidance dog puppy reached out to me. 
She brought me into contact with the first 8 blind iPhone users that were interested in 
testing the app. Their contact details were received on 10 May 2018. 
 
The difference between a user and a participant is important.  
• User: someone who downloaded the app and scans barcodes on packaging or uses 

own material to mark objects. 
• Participant: someone who downloaded the app, agreed to participate in research 

and provided address details to receive stickers to mark objects. 
 
At first the idea was to distribute the app through Fabric, an app development platform 
[47]. This seemed like a logical choice because the company where the work was 
conducted distributes test builds the same way. However, it turned out to be difficult 
for blind users to execute the required steps to install apps using this platform.   
 
3.4. Phase IV: publication 
The decision was made to launch the app publicly on the App Store and Play Store. 
Participants are familiar with the process of installing an application from these stores. 
A downside is that installations could no longer be controlled, which affects the 
collected data.  
 
The app made it through the review process and became publicly available on 17 May 
2018 [48] [49].   
 
On 21 May 2018, the administrator of a Facebook group named ‘Blinde en slechtziende 
jongeren’ (‘Blind and visually impaired youngsters’) agreed to post a message to find 
more participants. This group consisted of 496 Dutch members under the age of 35.  
 
The awareness was spreading, and international users expressed interest in using the 
app. Both the Android and iOS app were translated to support English. After this 
version become available on the stores, a message was posted in three international 
Facebook groups: 
 
1. iPhone and iPad Apps for the Blind and Visually Impaired: 9.091 members; 
2. Blind and visually impaired support group: 3.958 members; 
3. Technology for Blind and Visually Impaired: 1.132 members. 
 
The first message was posted on 6 June 2018 and within three days this resulted in 24 
members signing up as participant. In total, more than 100 people signed up as 
participant. Participants are hereafter indicated with P#, with # being their user 
number, e.g. P1. 
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4. Design process 
The app has been designed based on user input and functionality has been added 
based on feedback. The complete process is explained in the following four 
subchapters. 
 
4.1. Pre-design stage 
The main goal of this stage was to find out how visually impaired people use their 
smartphones. Additional goals were to find out which features would be considered 
useful and what constraints should be considered. 
 
The ZieZo fair provided initial insights, and later a meeting was set up with three blind 
iPhone users that exchanged contact information with me. During this meeting the 
NFC functionality of the app was tested. The five most important findings: 
 
1. Way of holding phone 
The three users each held their iPhone in a different way when using it. One user 
grabbed the iPhone like a pen to touch the NFC-tag with the ‘tip’. The second user held 
her iPhone sideways, pointing the top at the NFC-tag and positioning the speaker 
closer to her ears. The third user held the iPhone in her hand and tilted the top towards 
the NFC-tag.  
 
2. Accidental touches 
The status bar1 is problematic, each user accidently selected it multiple times. It holds 
several icons and you have to swipe multiple times to get back to the app. Each swipe 
announces something new such as the phone signal, Wi-Fi signal and time; which is 
confusing. Whenever this happened, users found it challenging to return to the app.  
 
3. Timing issues 
VoiceOver often played at the same time as recordings, or VoiceOver was still playing 
while a new screen already opened. This caused confusion and caused users to neither 
understand the announcement nor the recording that was being played back. 
 
4. Recording button feedback 
More auditive feedback should be added to the recording button. For example, a 
beeping sound when starting and stopping the recording. VoiceOver does play the 
labels of the button, but the sound is suppressed when an audio recording is started.  
 
5. Braille is king 
For most of the use cases discussed, the users preferred to use braille. A returning 
example was cooking spices. If you label them with shortened names in braille, it’s 
quite convenient to touch the packaging until you find the braille name. With an app, 
you need to get your phone out of your pocket and scan the spices until you find the 
correct one. It was also noted that stickers are very thin compared to braille, and thus 
harder to find.  
 
This meeting provided new insights in the context of use. Furthermore, it helped me 
understand the mental model of blind users. It is difficult to grasp how blind users 
make use of their iPhones until you see it in person. 

                                                   
1 The status bar appears on the upper edge of the screen and displays device status information 
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4.2. Initial design stage 
The findings during the ZieZo fair and the meeting with three blind iPhone users made 
me reconsider some of the initial design ideas. Most importantly the assumption that 
most users would have an iPhone 7 or newer was wrong. 
 
David Smith shares data that he collects with his Audiobook app with the world [50]. 
Although these numbers do not represent the average population, they do provide an 
indication of distribution of iPhone models. As of 3 September 2018, 41.2% of his 
iPhone users make use of an iPhone 7 or newer. 
 
An iPhone 7 or newer is required to make use of NFC, which was the core functionality 
of the system. Each NFC-tag has a unique identifier which is linked to an audio 
recording. But the same thing can be done with a barcode: it can also represent unique 
identifiers. Furthermore, these barcodes could also be printed on stickers just like 
NFC-tags. Due to this change, any iPhone user can make use of the system. 
 
Figure 4 shows the design concept with barcodes and NFC-tags. 
 

 
 
Figure 4: The initial design concept for scanning barcodes with camera and NFC-tags. A 
barcode or NFC-tag can represent an identifier. If the identifier is unknown, you can 
record a message. If the identifier is known, the message is played. 
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4.3. Iterative design stage 
During this stage, it was time to turn the design concept into a functioning prototype. 
To iteratively improve the interface, feedback was gathered by e-mail and five users 
were interviewed. Once the app was deemed worthy of being tested it was released on 
the App Store and Play Store.  
 
An interesting phenomenon was to see that Shneiderman’s eight rules of interface 
design were applicable to the received feedback [51]. On the following pages, these 
eight rules are described along with quotes of participants. 
 
1. Strive for consistency 
In some cases, the interface was not consistent with user expectations. For example, 
when VoiceOver or Talkback is activated, you have to double tap to click. But the 
screen reader label was ‘Tap to record’, which confused users. Furthermore, audio is 
automatically played after scanning a sticker, but the audio recorder does not start 
automatically. This is inconsistent, and will be changed in a new version of the app.  
 
• "It is a pity that you first have to tap to start the recording, this is a step too much 

and less user friendly." (P6, personal communication, 19 June 2018) 
 
• "Could the buttons be made more visible for people with a little bit of sight and 

prefer not to use a screenreader?" (P58, personal communication, 4 July 2018) 
 
• "Also, where it says 'click to record', I understood this to mean a single-finger 

double-tap gesture, but less experienced users might not make that distinction." 
(P52, personal communication, 5 July 2018) 

 
2. Enable frequent users to use shortcuts 
One person who can be considered an expert user suggested several shortcuts. It has 
been made possible to navigate back with the Z-gesture. Unfortunately, due to App 
Store guidelines it is likely not possible to link volume button clicks to actions. The 
third suggestion could be implemented in a future version, but would change the flow 
of the app.  
 
• "I cannot navigate back with the Z-gesture" (P6, personal communication, 22 May 

2018) 
 
• "I would also suggest linking the ready-to-scan function to the volume-raise 

button on the iPhone because this is more convenient, so you do not have to tap 
the screen." (P6, personal communication, 22 May 2018) 

 
• “Play recordings directly instead of opening a new screen” (P6, Appendix B1, 6 

June 2018) 
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3. Offer informative feedback 
This rule turned out to be most important as many users requested to add additional 
feedback. A beep sound has been added when a barcode or NFC tag is scanned 
successfully. A single beep has been added when starting a recording and a double 
beep has been added when the recording is stopped. 
 
• "Currently there is no sound to be heard when the recording starts or stops to 

record a label, this would be very useful to know that recording has started." (P6, 
personal communication, 19 June 2018) 

 
• “Add a beep sound when starting recording, double beep when stopped. […] Make 

it clear when voice has been recorded successfully” (P66, Appendix B3, 25 June 
2018) 

 
• "I think it would be a good idea if you could include an audible tone when the 

camera has focus on the sticker as it would really benefit people who are totally 
blind." (P37, personal communication, 5 July 2018) 

 
• "More feedback sounds would be helpful in the app." (P86, personal 

communication, 6 July 2018) 
 

• “A possible addition might be that you make a sound when you tap to start. Then 
you know that you can start talking." (P101, personal communication, 15 July 
2018) 

 
4. Design dialog to yield closure 
Users requested to add the ability to make a backup of their recordings so that they 
would not be lost. The first implementation was very simple and exported the 
recordings to a ZIP-file and then returned to the app. But no feedback was given, which 
caused confusion whether it was successful or not. A success dialog was added to 
reassure the user the export was successful. 
 
• "The possibility to make a backup of the speechstickers so that you cannot lose 

them. One possibility could be to forward them to an online storage service or to 
share to an e-mail address" (P6, personal communication, 25 May 2018) 
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5. Offer simple user handling 
The system was designed to be very easy to avoid making errors. For example, it is not 
possible to tap on the save button before a recording has been made. If you do so, the 
app informs you that you first have to make a recording. 
 
At first, there was no tutorial available because instructions were sent by e-mail. But 
once the app became publicly available, users did not always read the instructions on 
the App Store. A new tab was added to the app which contains answers to frequently 
asked questions. 
 
• “Add a tutorial when the app is first opened to guide users” (P66, Appendix B3, 25 

June 2018) 
 
• “Please tell me if I am using this app wrong as my understanding of how it works. 

[...] I think it would be really helpful if you could put a demonstration video2 of 
you using the app in the menu of the app.” (P35, personal communication, 4 July 
2018) 

 
• “Will there be some type of user manual for the app in the future?” (P52, personal 

communication, 5 July 2018) 
 
6. Permit easy reversal of actions 
Users are able to delete recordings from two places in the app: from the history tab 
and from the recording overview screen. However, there is currently no way to undo 
this action. And even worse: all recordings are deleted when the user installs the app. 
This is an action that is done outside of the app, so no warning can be given. But 
perhaps the ability to store messages in the cloud could be provided. 
 
• “After the update via the App Store from V1.3 to V1.3.1, the custom name of the 

label in the list has disappeared.” (P6, personal communication, 19 June 2018) 
 
• “I requested more stickers through the app yesterday but as a few days ago when 

I deleted the app and reinstalled it also got rid of my recordings.” (P35, personal 
communication, 7 July 2018) 

 
  

                                                   
2 Although this participant is blind, a term such as “watching” video is still used.  Terms such as “see 
you” are also used, it would be interesting to investigate if there is a difference in vocabulary used by 
people that were born blind and people that became blind later in life. 
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7. Support internal locus of control 
Users felt out of control because there is no way to pause audio and to increase audio 
volume. My expectation was that users would record short messages in quiet 
environments. But it turns out users record longer messages were pausing can be 
useful, plus users are not always able to speak very loudly. Furthermore, users also 
liked to have the ability to type text instead of recording voice messages. 
 
• “Selecting the back button instead of the play/pause button, because most of the 

times he just wants to go back, which also pauses the audio” (P23, Appendix B2, 
7 June 2018) 

 
• "I find the playback volume of the recordings very soft; is there anything else to 

do about it?" (P8, personal communication, 11 June 2018) 
 
• "The recording sound is better, but it could be louder." (P6, personal 

communication, 19 June 2018) 
 
• "Would it be possible to add a pause button? This would make it easier to read 

through longer notes and lists." (P58, personal communication, 4 July 2018) 
 
• "Can I ask if you have an option to type the text in, as it can be clearer to hear and 

understand when replaying. I suggest this, as in the past I have used a PenFriend 
labeler, which uses voice recording, and I found it annoying, as background 
sounds and delay slowed the process up of identification." (P37, personal 
communication, 4 July 2018) 

 
• "The app is really good, but it could do with a pause button on the play back screen 

as if you have a long description of an item you can’t pause it" (T99, personal 
communication, 11 July 2018) 

 
8. Reduce short-term memory load 
One issue that was reported several times was that users had trouble remembering 
which sticker belonged to which message. As a result, they had to play the message to 
remember it. It would be helpful to have the ability to add a title or summary to a 
message. 
 
Furthermore, users noted that whenever the app was updated, they only knew about 
the feature changes and not about the design changes. It would be useful to reduce 
information processing to list all major user interface changes. 
 
• “Assign a title to a recording to remember the content” (P6, Appendix B1, 6 June 

2018) 
 
• “Add a design changelog to list all (major) changes of all interface elements” (P86, 

Appendix B5, 6 July 2018) 
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4.4. Post-design stage 
Figure 5 shows changes that were made to the scanning interface, the numbers 
correspond to the list below. 
 
1. The Navigation Bar was removed because it was automatically selected by 

VoiceOver and did not provide relevant information. 
 

2. A crosshair was added to help with focusing on the barcode, for users who still have 
partial vision. 

 
3. Instead of choosing an option from a list, it made more sense to show these options 

as tabs. When the app is relaunched, this tab is immediately reselected. This saves 
VoiceOver users multiple steps of navigation. 

 
4. The Navigation Bar was re-added because it turns out you can avoid VoiceOver 

from selecting it automatically. Furthermore, with a Navigation Bar the back 
button is always on the same position and the escape gesture works automatically.  

 
5. The crosshair was made black for better contrast. 
 
6. The Tab Bar icons and text were made black for better contrast. 
 
7. A switch was added directly to the Navigation Bar to select whether to scan with 

the camera or with NFC.  
 
8. The crosshair was changed to a complete square with a semi-transparent white 

background to stand out from the background. 
 
9. Some users were confused with the different between ‘Barcode’ and ‘NFC’, what 

they want to do is ‘Scan’. These two tabs were merged into a ‘Scan’ tab. 
 

 
Figure 5: These screenshots represent changes to the home interface, with the first 
design on the left, progressing towards the final design on the right. 
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Figure 6 shows changes that were made to the recording interface, the numbers 
correspond to the list below. 
 
1. The ‘Back’ and ‘Cancel’ button color were changed to black for improved contrast.  

 
2. The ‘Delete’ button was made bold to indicate the importance. 
 
3. The play and stop button were filled to make them stand out more. 
 
4. The value of the barcode or NFC-tag that was scanned is shown together with its 

type. This helps with knowing which barcode has been scanned in the case that 
multiple barcodes were in close range to each other. This problem is less common 
with NFC-tags, as you need to touch them. The camera on the other hand, can pick 
up multiple barcodes from the same image frame. 
 

5. The Navigation Bar was added to show the title of the screen, have the back button 
on a fixed position and to make the escape gesture work. 

 
6. The option to type text instead of recording was added. Additionally, a setting was 

introduced to convert speech to text. By enabling this option, you can record a 
message and also get a transcript. This helps when searching through the history. 

 

 
Figure 6: These screenshots represent changes to the recording interface, with the first 
design is on the left, and progressing towards the final design on the right. 
 
Users expressed gratitude for these changes. According to Participant 23, "The app is 
much easier to use now that NFC scanner starts automatically." (Appendix B1, 6 June 
2018).  
 
Participant 6 felt the same way: "Interface has been improved significantly, takes less 
steps to get things done." (Appendix B2, 7 June 2018).  
 
Participant 82 noted that "It was very easy to use the app to record a barcode. [...] I 
appreciate that now I can set the preferred type (barcode/NFC) in the scan, and that 
it is always ready to scan a saved barcode or to record a new one."  (P82, personal 
communication, 15 July 2018) 
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The final interfaces of the app are shown below, in Figure 7. 
 

 
 

Figure 7: Overview of the final interface, from left to right, top to bottom: scanning 
interface, recording interface, playing interface, history interface, shop interface and 
information interface.  
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5. Results 
Participants who signed up between 10 May 2018 and 2 July 2017 are considered for 
the results. In these 8 weeks, a total of 102 participants signed up. 
 
5.1. Participant insights 
The following information was collected about the participants: 
 
1. Id: an assigned number; 
2. Date: date of first contact; 
3. E-mail: their e-mail address; 
4. Device: device used to test the app; 
5. Name: their full name; 
6. Street: their full street name including house number; 
7. City: their full city including city code; 
8. Country: their full country including country code; 
9. Order: the requested stickers, barcode, NFC or both. 
 
Properties 1, 2, 4, 8 and 9 are listed in Appendix A.  
 
In hindsight, age and gender should also have been requested to separate results by 
age and gender. However, considering participants provided their full name, their 
gender can be assumed. Based on my gender assumptions, 52% of the participants are 
female and 48% are male.  
 
Figure 8 shows the growth of participants over time. There are some notable spikes 
that can be explained: 
 
• 10 May 2018: received contact details from guidance dog trainer; 
• 21 May 2018: message posted inside Facebook group with Dutch members; 
• 6-8 June 2018: messages posted inside Facebook groups international members; 
• 14-19 June 2018: messages reposted by visually impaired users. 
 

 
Figure 8: Overview of the number of participants that signed up per day 
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Participants signed up from 9 different countries, mainly from The Netherlands (51), 
United States of America (27), United Kingdom (11) and Belgium (6). In the United 
States of America, participants signed up from 16 different states, with California 
being most common. Furthermore, two users signed up from Australia, two from 
Ireland, two from South-Africa and one from Canada. 
 
For the devices that were used, 98 participants used an iOS device and 4 participants 
used an Android device. Most users signed up from Facebook groups dedicated to 
visually impaired iOS users, so these numbers are biased. Some participants specified 
the model of their device when signing up, but most did not. In hindsight, this should 
have been required or collected by the app. 
 
65 participants used an unspecified iPhone, 4 users used an unspecified Android 
device and 1 participant used an unspecified iPad. Table 2 shows the devices that were 
specified by the participants. 
 
Device Amount 
iPhone 7 8 
iPhone SE 7 
iPhone 8 4 
iPhone 6 3 
iPhone 6S 3 
iPhone 5S 2 
iPhone 6 Plus 2 
iPhone X 2 
iPhone 7 Plus 1 

Table 2: Devices as specified by participants 
 
Inside the app it was checked whether the device could be used to scan NFC-tags. The 
iPhone 7 and newer can scan NFC-tags and so can most Android devices. These 
participants had the choice to request barcode stickers, NFC stickers or both type of 
stickers. Participants with older devices only had one choice: barcode stickers. Most 
requested were the barcode stickers (66), followed by NFC stickers (19) and both 
stickers (17). 
 
Considering that the app checked whether the device supported NFC, the assumption 
can be made that 35% of the unspecified iPhones are iPhone 7 or newer and 65% are 
older models.  
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5.2. App insights 
In addition to the requested personal information, the following data was 
anonymously collected inside the app: 
 
1. Amount of views per screen; 
2. Time spent inside the app; 
3. Scanning a barcode; 
4. Scanning an NFC-tag.  
 
It would have been interesting to link app data to specific participants. This could have 
been done by creating an account for participants to sign in or by keeping track of 
which stickers were sent to which participants. But given the limited amount of time, 
it was decided not to do this. 
 
As explained in chapter 3, the choice was made to release the app publicly on the App 
Store and Play Store. The downside of a public release is that you can no longer control 
who installs your app. Close to 400 people have installed the app in total. The usage of 
non-participants affects the conclusions that can be drawn from this data.  
 
Although the Android app had up to 35 active users, only 4 users provided their 
address details. This percentage is much larger for iOS users: 98 users provided their 
address details out of 320 active users. The quality of the collected iOS data is higher 
given that 31% of active users are participants compared to 11% on Android. 
 
On average, users make 7 scans per day and spend 3 minutes and 34 seconds inside 
the app. Figure 17 shows the average amount of scans per user per day. Comparing the 
amount of scans to the time spent inside the app, it seems that each scan adds around 
30 seconds of time. 
 
 

 
Figure 9: Average amount of scans per user per day 
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5.3. Scanning insights 
Scanning is the most crucial and challenging part of the system. Barcodes on product 
packaging use 1D barcodes, as explained in chapter 2.3, these are harder to scan than 
2D barcodes. Either way, it has proven to be difficult for both visually impaired and 
blind users to scan them. 
 
• "The first problem is, if you are completely blind, you do not know where your 

barcode or QR code is on your article." (P10, personal communication, 24 May 
2018) 

 
• "When scanning barcodes with the Speechsticker app I sometimes have problems 

finding the barcode, my daughter told me that there is a rectangle on the screen 
about in the middle of the screen, in which the barcode should be visible to see. 
scan. Since I can no longer see that rectangle, this is sometimes difficult and 
sometimes it takes a while before I can scan the barcode." (P1, personal 
communication, 5 June 2018) 

 
• "I would love to see a feature in the app where users could be guided towards the 

barcode either by vibrations, tones or speech." (P35, personal communication, 6 
July 2018) 

 
• "Can be difficult scanning barcodes on products" (P86, Appendix B5, 6 July 2018) 
 
• "I always need a sighted person to find barcodes." (P104, personal 

communication, 11 July 2018) 
 
The participants are unanimous that NFC stickers are easier to scan. A number of 
experiences: 
 
• "NFC works properly for many purposes" (P6, personal communication, 22 May 

2018). 
 
• "I prefer using the NFC stickers, you can feel them and then simply touch then, 

very handy!" (P1, personal communication, 5 June 2018). 
 
• "I hand down prefer NFC stickers over Barcode stickers" (P50, Appendix B4, 6 

July 2018) 
 
However, there are downsides to both NFC stickers and the NFC reader of 
smartphones. When you use a case around your iPhone, the NFC reader does not work 
well according to participant 6 (Appendix B1, 6 June 2018). Plus, two participants 
found out that the NFC stickers do not work on metal surfaces. Participant 23 tried to 
label metal storage boxes and noted that "the metal interferes with the chip" (P23, 
Appendix B2, 7 June 2018). Participant 50 mentioned that "they do not work on metal 
tins" (Appendix B4, 6 July 2018). 
 
In scenarios where NFC does not work, you can always fall back to using barcodes.  
 
"I really love the fact that the app supports both NFC and barcodes as a way to 
identify objects" (P5, Appendix B4, 6 July 2018)  
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5.4. Sticker insights 
There is a major difference in user experience between five different types of stickers 
that were tested. Figure 10 provides an overview of these stickers. 
 

 
Figure 10: The different type of stickers, from left to right: Code-128, Aztec, NTAG213, 
NTAG215 and custom NFC stickers 
 
1. Code-128 barcode stickers: these are sold on Amazon; 
2. Aztec barcode stickers: these are printed on paper sticker sheets; 
3. NTAG213 NFC stickers: these are made from paper; 
4. NTAG215 NFC stickers: these are made from thick plastic; 
5. Custom NFC stickers: these are made from PVC and foam. 
 
Users were most enthousiastic about the fourth and fifth type of stickers, mainly due 
to their thickness. They are about as thick as a creditcard and therefore easy to feel. 
Furthermore, users liked using barcode stickers because in contrary to printed 
barcodes, these can actually be felt as an extra layer. 
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5.4.1. Code-128 stickers 
The first type of barcode stickers were sent until 15 June 2018. Many users struggled 
with scanning linear barcodes. The angle from the camera to the sticker needs to be 
almost straight in order to scan them. With bad lighting conditions the barcode is not 
picked up either. Furthermore, the start and end of this type of barcode is not clear, 
which can cause faulty scans. Some experiences:  
 
• "I did try to scan the barcodes, but that does not work properly. I am 100% blind 

and I cannot scan the barcode 9 times out of 10 with this app." (P8, personal 
communication, 6 June 2018) 
 

• "I tried the app with general barcodes but it quite often catches only part of the 
barcode, so when you scan again it thinks its a new one." (P58, personal 
communication, 4 July 2018) 
 

• "The problem was I had the camera facing the label and at a good distance from 
it but was holding the phone at the wrong angle." (P35, personal communication, 
6 July 2018) 
 

• "Sometimes barcodes are partially read, and this switches up the recording and 
playback" (P50, Appendix B4, 6 July 2018) 

 
5.4.2. Aztec stickers 
Most people only know QR codes, but Aztec has two benefits: a smaller footprint and 
only one focus point. Testing the speed on multiple iOS and Android devices confirmed 
that small Aztec stickers worked better than small QR stickers and Aztec stickers were 
picked up from steeper angles. 
 
Users expressed that scanning was easier and no faulty scans have been reported.  
 
• "Yes, the scanning of the barcodes is much better now. A great improvement!" 

(P8, personal communication, 21 June 2018) 
 
• "Scanning the barcode goes well. Even if you do not remember where you 

positioned it. The camera finds it automatically when you move slowly." (P101, 
personal communication, 15 July 2018) 

 
5.4.3. NFC stickers 
Unfortunately, NFC stickers can only be scanned on iOS if they contain an NDEF 
message. On Android on the other hand, NFC tags can be scanned even if they are 
empty. The Android version of the app supports this feature. In the case that the tag 
does not contain an NDEF message, the identifier is used instead. On iOS there is no 
way to read the identifier of a NFC tag. On iOS, an identifier is generated based on the 
NDEF message.  
 
The only reported issue when using NFC is that stickers cannot be scanned when 
attached to metal objects. Users with older iPhones often mentioned that they found 
it a pity they could not use NFC.  
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6. Discussion 
It is noticeable that virtually everyone was positive about the system. Many 
participants expressed their gratitude to me. 
 
•  “Nice initiative the Speechsticker app, I gratefully make use of it.” (P110, personal 

communication, 20 May 2018) 
 
• “I think Speechsticker is a fantastic app.” (P1, personal communication, 5 June 

2018) 
 
• “I am writing to express my appreciation for you developing this app!” (P52, 

personal communication, 23 June 2018) 
 
• “I love the app and the concept.” (P50, personal communication, 5 July 2018) 
 
• “I think the Speechsticker app is very useful.” (P86, personal communication, 6 

July 2018) 
 
• “You’re doing a great job for us blind folks, In the near future, if you make this 

app a great one it would be awesome.” (P78, personal communication, 7 July 
2018) 

 
• “I have not had the sticker that long, but I am already enthusiastic about it.” (P64, 

personal communication, 4 July 2018) 
 
• “What a great app.” (P101, personal communication, 15 July 2018) 
 
Secondly, it is worth noting that users came up with very inventive ways to use stickers 
that you could never think of yourself. Such as placing a sticker on your desk to record 
your tasks for the day. Generally, stickers are used to label objects that cannot be 
identified without their visual appearance. 
 
• “Through your app, my husband can see which baby product something is.” (P7, 

personal communication, 10 May 2018) 
 
• “I use the stickers in a lot of environments, but in the kitchen and other places 

where your hands could be dirty it does not seem so obvious to use your iPhone.” 
(P6, personal communication, 22 May 2018) 

 
• “I mainly use the stickers in the kitchen, and I have labeled a whole series of my 

CDs. I would not be able to do without the app anymore.” (P1, personal 
communication, 5 June 2018) 
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• “I am blind and find that using stickers to identify items in my home is very helpful 
in daily living, and always having to carry an extra device with me is not very 
handy. However, I always have my iPhone on me, so being able to identify items 
using your app makes identification much easier. I hope you are getting other 
positive feedback on this app, because I for one would like to see it stay available!” 
(P52, personal communication, 23 June 2018) 

 
• “I also have a sticker stuck next to my computer, which I use to remember 

something that I still have to do. The next day for example. When I've done that, 
it's nice that I can delete the recorded text and use the sticker again. I also use the 
stickers for folders what is in it. I am definitely going to discover more for which 
I can use the stickers.” (P64, personal communication, 4 July 2018) 

 
• “I am also using the barcode recognition function to allow me to differentiate 

between variations in similar products (e.g. two different flavors of the same 
confectionery); this is working great!” (P31, personal communication, 5 July 
2018) 

 
• “I have used it to label some items so that I can easily identify them again.” (P86, 

personal communication, 6 July 2018) 
 
• “I think this is a very good idea for an app and can see myself using it on a regular 

basis to identify things such as freezer and tinned items” (P35, personal 
communication, 6 July 2018) 

 
• “I use it to mark, for example, the different types of tea that are in the same 

package. And for medicines that are not marked with braille.” (P101, personal 
communication, 15 July 2018) 

 
• “I plan to use these to mark the various types of wood in my shop, so that I know 

which one I am about to cut. I will also use them on the containers for our Traeger 
cooking wood pellets, so that I know which one to use when cooking.” (P82, 
personal communication, 15 July 2018) 

 
On 16 August 2018 a workshop was organized in collaboration with Bartiméus. As 
mentioned in chapter 3.1, this is an expertise organization that supports people with 
visual impairments to live life as they wish. It was great to meet some of the people 
that provided feedback in person and talk about future ideas for the app. During the 
workshop it became even more clear how much the attendees liked the app. 
 
The most requested feature is to include a continuous way of scanning. One use case 
is to identify different colors of wool. Currently, you need to press the back button after 
each scan until you find the correct color. With a continuous scanning mode, each of 
the recorded messages could be played upon detection – without opening a new 
screen.  
 
All of the suggested features which have not been implemented yet will be considered 
in future versions of the app.  
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7. Conclusion 
The question to answer is whether this system actually provides added value to the life 
of visually impaired and blind people. Given how many participants expressed their 
gratitude, it is safe to say that the system does indeed provide added value. 
 
Along the way it was striking to how surprised people were whenever they heard that 
blind and visually impaired people use smartphones. Unsurprisingly, most apps are 
not accessible because it requires extra attention. The four most important things to 
consider are: 
 
1. Providing alternate text labels for images, icons and other elements; 
2. Including non-visual feedback such as vibrations and sounds; 
3. Grouping elements together to make a screen reader announce all of them at once; 
4. Using sufficient contrast for low vision users. 
 
It is notable that screen readers do not deal well with foreign languages. For example, 
when your primary language is set to Dutch, all of the content is announced using a 
Dutch voice synthesizer. It is difficult to understand synthesized words that are foreign 
to the primary language. A good comparison is when you use navigation in a foreign 
country, the place names that are announced can barely be understood. When 
designing for blind and visually impaired users, it is highly important to localize all of 
the content.  
 
Furthermore, it helps to provide shortcuts for expert users. Developers have the ability 
to assign custom actions to VoiceOver gestures. By default, the escape gesture 
navigates back to the previous page. But if there are no other views in the back stack, 
you could assign a custom action to navigate between different tabs. The magic tap 
gesture is also very helpful because it can be activated from anywhere on the screen. It 
really helps users when this gesture activates the most important action, such as 
starting and stopping a recording. 
 
It is also noticeable that users of screen readers often hesitate to update apps due to 
the interface changes. Even with apps aimed at visually impaired users, there is often 
no clear overview of what has changed interface wise. Changelogs generally only report 
about features that have been added or changed. My suggestion is to provide a design 
changelog which describes how the flow of actions has changed. Because even moving 
just one button to a different position alters the workflow of someone using a screen 
reader, as it goes from left to right, top to bottom by default. 
 
To conclude, this work provides insights in how to develop accessible systems by 
taking the feedback of users into account. With every design iteration, users responded 
more positively and with every new version of stickers, users were able to scan them 
faster. The system has a strong foundation and will be expanded with new 
functionalities in the future.  
 
Participants have been notified about the plans to continue the development after the 
completion of this thesis. New findings will be described in a paper with the goal of 
being published for a conference. 
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Appendix A: Participants 
Anonymized overview of the participants. 
 
Id Date Device Country Order 
1 10/05/2018 iPhone 8 Belgium NFC 
2 10/05/2018 iPhone 7 Belgium NFC 
3 10/05/2018 iPhone 6 The Netherlands Barcode 
4 10/05/2018 Android The Netherlands Barcode 
5 10/05/2018 iPhone X The Netherlands NFC 
6 10/05/2018 iPhone 7 Belgium NFC 
7 10/05/2018 iPhone 7 The Netherlands NFC 
8 10/05/2018 iPhone 7 The Netherlands NFC 
9 14/05/2018 iPhone SE The Netherlands Barcode 
10 14/05/2018 iPhone SE Belgium Barcode 
11 16/05/2018 iPhone 6 The Netherlands Barcode 
12 16/05/2018 iPhone The Netherlands Barcode 
13 17/05/2018 Android The Netherlands NFC 
14 17/05/2018 iPhone SE The Netherlands Barcode 
15 17/05/2018 iPhone X The Netherlands NFC 
16 21/05/2018 iPhone The Netherlands Barcode 
17 21/05/2018 iPhone The Netherlands Barcode 
18 21/05/2018 iPhone 7 The Netherlands NFC 
19 21/05/2018 iPhone 6S The Netherlands Barcode 
20 21/05/2018 iPhone The Netherlands Barcode 
21 21/05/2018 iPhone SE The Netherlands Barcode 
22 21/05/2018 iPhone SE The Netherlands Barcode 
23 25/05/2018 iPhone 8 The Netherlands Barcode+NFC 
24 23/05/2018 iPhone United States of America Barcode 
25 30/05/2018 iPhone The Netherlands Barcode 
26 03/06/2018 iPhone 5S The Netherlands Barcode 
27 04/06/2018 iPhone 6S The Netherlands Barcode 
28 06/06/2018 iPhone 7 Plus United States of America Barcode+NFC 
29 06/06/2018 iPhone United Kingdom Barcode 
30 06/06/2018 iPhone United States of America NFC 
31 06/06/2018 iPhone United Kingdom Barcode+NFC 
32 06/06/2018 iPhone United States of America Barcode 
33 06/06/2018 iPhone 6S United States of America Barcode 
34 06/06/2018 iPhone United Kingdom Barcode 
35 06/06/2018 iPhone Ireland  Barcode 
36 06/06/2018 iPhone Australia NFC 
37 07/06/2018 iPhone United Kingdom Barcode 
38 07/06/2018 iPhone 8 United States of America Barcode+NFC 
39 07/06/2018 iPhone United States of America Barcode 
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40 07/06/2018 iPhone United States of America Barcode 
41 07/06/2018 iPhone Australia Barcode 
42 08/06/2018 iPhone United States of America Barcode 
43 08/06/2018 iPhone United States of America NFC 
44 08/06/2018 iPhone United States of America Barcode 
45 08/06/2018 iPhone 6 Plus United States of America Barcode 
46 08/06/2018 iPhone United States of America Barcode 
47 08/06/2018 iPhone South Africa NFC 
48 08/06/2018 iPhone 8 United States of America NFC 
49 08/06/2018 iPhone 6 United States of America Barcode 
50 08/06/2018 iPhone United States of America Barcode+NFC 
51 08/06/2018 iPhone Canada Barcode 
52 11/06/2018 iPhone United States of America Barcode 
53 13/06/2018 iPhone The Netherlands Barcode 
54 14/06/2018 iPhone The Netherlands Barcode+NFC 
55 14/06/2018 iPhone The Netherlands NFC 
56 14/06/2018 iPhone The Netherlands Barcode 
57 14/06/2018 iPhone SE The Netherlands Barcode 
58 14/06/2018 iPhone 7 United Kingdom Barcode+NFC 
59 15/06/2018 iPhone 5S The Netherlands Barcode 
60 15/06/2018 iPhone 7 The Netherlands Barcode+NFC 
61 15/06/2018 iPhone The Netherlands NFC 
62 15/06/2018 iPhone The Netherlands NFC 
63 15/06/2018 iPhone The Netherlands Barcode 
64 15/06/2018 iPhone The Netherlands Aztec 
65 15/06/2018 iPhone 6 Plus Belgium Aztec 
66 15/06/2018 iPhone The Netherlands Aztec 
67 15/06/2018 iPhone The Netherlands Aztec 
68 16/06/2018 iPhone The Netherlands NFC 
69 17/06/2018 iPhone 7 The Netherlands Aztec 
70 17/06/2018 iPhone United States of America Aztec+NFC 
71 17/06/2018 iPhone United States of America Aztec 
72 17/06/2018 iPhone The Netherlands Aztec+NFC 
73 17/06/2018 iPhone United States of America NFC 
74 17/06/2018 iPad The Netherlands Aztec 
75 17/06/2018 iPhone The Netherlands Aztec 
76 17/06/2018 iPhone The Netherlands Aztec 
77 18/06/2018 iPhone The Netherlands Aztec+NFC 
78 18/06/2018 iPhone United States of America Aztec 
79 18/06/2018 Android United Kingdom Aztec+NFC 
80 18/06/2018 iPhone The Netherlands Aztec 
81 18/06/2018 iPhone SE The Netherlands Aztec 
82 18/06/2018 iPhone United States of America Aztec 
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83 18/06/2018 iPhone Belgium Aztec 
84 18/06/2018 iPhone The Netherlands Aztec 
85 19/06/2018 iPhone United Kingdom Aztec 
86 19/06/2018 iPhone Ireland Aztec 
87 19/06/2018 iPhone United States of America Aztec 
88 19/06/2018 iPhone United States of America Aztec 
89 20/06/2018 iPhone The Netherlands Aztec 
90 21/06/2018 iPhone United States of America Aztec 
91 21/06/2018 iPhone United Kingdom Aztec+NFC 
92 22/06/2018 iPhone United Kingdom Aztec 
93 22/06/2018 iPhone United States of America Aztec 
94 23/06/2018 Android The Netherlands Aztec+NFC 
95 25/06/2018 iPhone The Netherlands Aztec 
96 26/06/2018 iPhone The Netherlands Aztec+NFC 
97 26/06/2018 iPhone United Kingdom Aztec 
98 28/06/2018 iPhone United States of America Aztec 
99 28/06/2018 iPhone United Kingdom Aztec 
100 29/06/2018 iPhone The Netherlands Aztec+NFC 
101 02/07/2018 iPhone The Netherlands Aztec 
102 02/07/2018 iPhone The Netherlands Aztec+NFC 
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Appendix B: Interviews 
All of the interviews were conducted over the phone in a semi-structured way. The 
interviewees are all enthusiastic users of the app, which might give a biased view.  
 
Participants are hereafter indicated with P#, with # being their user number, e.g. P6. 
 
Appendix B1: Interview P6 
Date: 6th of June 2018 
Device: iPhone 7 
Country: Belgium 
 
P6 lives in Belgium and has adapted his house to his visual impairment and is able to 
get everything done on his own. P6 is legally blind but still has a very low amount of 
vision. P6 found out about the app because he is a member of a mailing list for iOS 
apps for visually impaired users. P6 has tested the app with an iPhone 7. 
 
P6 has been providing me with lengthy feedback by e-mail for every app update. I 
reached out and asked if I could interview him by phone. First, we talked more about 
the way he uses the app, followed by a discussion about suitable sticker materials and 
finishing with pricing strategy. 
 
App usage: 
• Barcode stickers are challenging to scan, sometimes they are not detected; 
• NFC stickers work well, but not as well with a case around the iPhone; 
• Interface has been improved significantly, takes less steps to get things done; 
• Suggests that the audio recorder could be started automatically upon detection of 

a sticker; 
• Suggests that audio recordings could be played from the scan screen to avoid 

opening a new screen and having to click the back button; 
• Suggest the optional ability to enter a title to remember the content; 
 
Sticker material: 
• It is nice that stickers are flexible to wrap them around objects such as spices; 
• Stickers can be hard to feel, it would be helpful if they were thicker; 
• Wondered if he could use stickers inside the freezer, this is indeed possible; 
• Stickers are not suitable for clothing; would be nice if they could be sewed into 

clothing; 
• Paper has its limitations, perhaps other material could be used such as plastic and 

fabric; 
• Does see some usage for keychains with embedded NFC tags, e.g. attaching to 

clothing hanger or to label keys; 
• Fabric stickers could be sewed into the collar of shirts, bottom part of t-shirts and 

middle seam of pants; 
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• To summarize, P6 suggests the following properties: 
o Not too small, not too big; 
o Easy to attach; 
o Re-usable; 
o Survive washing and ironing; 
o Avoid irritation on skin. 

 
Pricing strategy: 
• Tells me that many people with a visual impairment are dependent on government 

benefits; 
• This should be considered for the pricing, it needs to be reasonable; 
• Users should get the idea they are paying a fair price; 
• Told P6 a suggested price of 10 cents each for barcode stickers, 50 cents for NFC 

stickers; 
• P6 thinks the barcode sticker price is very reasonable; 
• P6 thinks the NFC sticker price is too high for many users. 
 
Findings 
1. App generally works well; 
2. Start experimenting with different kinds of materials; 
3. Try to reduce the price of NFC stickers. 
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Appendix B2: Interview P23 
Date: 7th of June 2018 
Device: iPhone 8 
Country: The Netherlands 
 
P23 attended the ZieZo fair, the largest fair for visually impaired and blind people in 
Europe, where the app was presented. At this point the app was in a very early beta 
version. We reconnected at a later stage once the app was finished and when stickers 
could be sent out.  
 
P23 has a very low amount of vision and is fond of technology that can assist him. P23 
uses various kinds of technology and also develops his own software and hardware, 
which he shares with the blind community. P23 has tested the app with an iPhone 8 
and lives in The Netherlands. 
 
First, we talked about the usability of the app, followed by a discussion about the best 
way to label L.P. records and ending with a conversation about competitors and 
pricing. 
 
App usability: 
• The app is much easier to use now that NFC scanner starts automatically; 
• Did not know about the escape gesture to navigate to previous screen; 
• Suggests selecting the back button instead of the play/pause button, because most 

of the times he just wants to go back, which also pauses the audio; 
• Remarks that the NFC stickers do not work on metal surface, in the sense that the 

metal interferes with the chip; 
• Remarks that the Barcode stickers are hard to scan from any angle other than 

pointing straight at the sticker, which is challenging with low vision; 
• Suggests to automatically start recording and trim the trailing and leading spaces 

from the audio fragment. 
 
Labeling L.P. records: 
• P23 has a collection of 110 or so L.P. records which he would like to label; 
• The most appropriate position seems to be in one of the corners on the sleeve; 
• Either barcode or NFC stickers could be used, both have their advantages: 

o Barcode stickers are 5 to 10 times as cheap; 
o NFC stickers can be scanned without taking the record out of the collection. 

• The app is not optimized for a search process, perhaps speech could be converted 
to text; 

• Once the text is known, you could search inside the app for the identifier of the 
record; 

• And you could then quickly scan past all of the records until this identifier is 
detected, which could be indicated with a beep. 
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Competitors & pricing: 
• As mentioned before, P23 is fond of technology and uses dozens of apps; 
• Apps with similar functionality are Blindsquare and KNFB Reader; 
• At the moment of writing, Blindsquare costs €43,99 and KNFB Reader costs 
€109,99. 

• Blindsquare is an accessible navigation app for both indoors and outdoors which 
tells you what is around; 

• KNFB reader turns print into speech, from PDFs to packages to books; 
• Although these apps are expensive, they are worth their price for P23 given how 

often you use it; 
• But he mentions it does feel odd to pay so much for an app when most are free; 
• I mention that the idea behind Speechsticker is to provide a free app and earn 

money with the sale of stickers; 
• P23 thinks 10 cents for barcode stickers and 40 cents for NFC stickers is very 

reasonable; 
• Additionally, he suggests that the app could offer In-App Purchases to unlock 

premium features. 
 
Findings: 
1. Satisfied with the usability of the app, improvements have been made; 
2. Speech to text would be nice, opens up new features; 
3. Pricing sounds reasonable and ‘explainable’. 
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Appendix B3: Interview P67 
Date: 25th of June 2018 
Device: iPhone 8 
Country: The Netherlands 
 
P67 is a completely blind participant from The Netherlands and has been using 
iPhones for over 10 years. P67 found out the app’s existence due to being in several e-
mailing lists for visually impaired and blind users. P67 has hundreds of apps installed 
and is definitely an advanced user. For this interview, we talked about making the app 
easier to use, business insights and distinguishing from competition. 
 
App suggestions: 
• Add a beep sound when starting recording, double beep when stopped; 
• Make it clear when voice has been recorded successfully; 
• Ability to manually enable and disable the flashlight of camera; 
• Add a tutorial when the app is first opened to guide users. 
 
Business insights: 
• Visually impaired people have a lower income on average; 
• Insurance does cover certain aids, but they need to be ‘advanced’; 

o A talking kitchen timer is not considered advanced enough; 
o Advanced software and hardware such as screen reading software and text-

to-braille devices are usually fully covered; 
• Most aids for the blind are expensive, partially due to insurance covering them; 
• There are foundations that cover parts of iPhone purchases, most visually impaired 

people have the lower cost versions such as the iPhone SE. 
 
Accessible manuals: 
• Medicine boxes are accessible with braille, but the content inside is not; 
• Perhaps the manual could be made accessible by adding a barcode that can be 

scanned with the Speechsticker app, or by scanning the barcode on the medicine 
box; 

• In general, a barcode could be added to pieces of text to read out that text with the 
Speechsticker app; 

• This could also add a new target group: illiterate. 
 
Unique functionality: 
• App should have its own unique functionality to stay relevant; 
• Watch out for big companies such as Apple, Google and Microsoft; 
• They have much bigger funds to extract data from images through Artificial 

Intelligence; 
• Instead, focus on use cases where AI cannot be used, such as making additional 

information available upon scanning of a sticker. 
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Findings: 
1. Is grateful for making apps specifically for blind people such as himself; 
2. Several good suggestions that will likely enhance the user experience; 
3. Good to take the limited income and insurance regulations into account; 
4. Speechsticker could make text more accessible, for both visually impaired & 

illiterate; 
5. Focus on use cases where Artificial Intelligence is not sufficient. 
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Appendix B4: Interview P50 
Date: 6th of July 2018 
Device: iPhone 8 
Country: California, USA 
 
P50 is a completely blind user from California, USA. P50 found the app due to a post 
in a Facebook group named “iPhone and iPad Apps for the Blind and Visually 
Impaired”. This group has over 9.000 members, with most members living in English-
speaking countries. 
 
P50 has been an enthusiastic user of technology all his life to live independently. For 
the interview we talked about the user experience and use cases of the app, as well as 
competition and pricing. 
 
User experience 
• Hands down prefers NFC stickers over Barcode stickers; 

o But they do not work on metal tins, indeed: anti-metal tags are needed; 
• Has to fiddle with the Barcode stickers a bit to get the scanner to read them; 

o Although the app is more forgiving than Seeing AI; 
o Sometimes barcodes are partially read, and this switches up the recording 

& playback; 
• Really ‘loves’ the fact that the app supports both NFC and barcodes as a way to 

identify objects; 
• Would really appreciate a way to easily move stickers from one object to another; 
• According to P50, smartphones are one of the best things that has happened for 

blind users to live an independent life; 
• Asks his wife or children to help with labeling items, it would be nice if they could 

do some from their own phones, e.g. a private group of people that can share 
messages; 

• Thanked me multiple times for developing the app as he thinks it has great 
potential. 

 
Use cases 
• Labeling cans because they have the same shape, e.g. beans and peas; 

o Would like to have a rubber band or something that can be attached and 
removed easily; 

o This could be achieved by putting a hole in the sticker or by integrating the 
chip in other kinds of materials; 

• Labeling frozen goods to know what is inside, and on which date it was frozen; 
• Labeling clothing as many people with low vision are just as fashion conscious are 

sighted people, although this would need a different kind of sticker. 
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Competition: 
• Did not know about WayAround, the app has similar functionality but only works 

with their own NFC tags; 
• Did know about Digit-Eyes, this is an app with a large product database, it can tell 

you what a product is based on the barcode; 
• Did know and uses Seeing AI, it works well but the descriptions are usually 

somewhat vague, but still better than normal; 
• Likes that this app is also available for Android because it opens up more 

possibilities. 
 
Pricing: 
• Agrees that 10 cents seems like a fair price for barcode stickers; 
• With 50 cents the NFC stickers are somewhat expensive especially if you can’t re-

use them, but this is understandable as it has a chip embedded; 
• Notes that many users do not like paying for apps and therefore recommends not 

having a ‘Lite’ version where you can unlock new features by In App Purchase; 
• Instead, suggests making profit from the sale of stickers, and try to keep it 

reasonable. 
 
Findings: 
1. Try to have the barcode scanner guide the user towards the barcode; 
2. Try to find materials that are reusable; 
3. Stay ahead of competition by being an open system; 
4. Offer stickers for a fair price and they will likely be purchased. 
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Appendix B5: Interview P86 
Date: 6th of July 2018 
Device: iPhone 6 
Country: Ireland 
 
P86 is a completely blind user from Ireland. P86 found out that the Speechsticker app 
existed from the same Facebook group as P50. This interview focused on barcode 
scanning, use cases, new features and VoiceOver gestures.    
 
Barcode scanning: 
• Can be difficult scanning barcodes on products, scanning the Aztec barcode 

stickers work a lot better; 
• Seeing AI from Microsoft can also scan barcodes and has integrated beeps to guide 

users towards the product; 
• Has used the Digit-Eyes app but without much success in recognizing the products, 

the database is far from comprehensive for Ireland; 
• Plus, it is difficult to find the barcode on supermarket products, the position is 

different on each product and it’s printed on top of the packaging, so you cannot 
feel it; 

• Does own a Penfriend and mentions it works better for scanning, but the 
functionality is limited; 

• Also mentions how you have to buy different kind of label sets and that there is a 
maximum number of messages that this limits you to. 

 
Use cases: 
• Finds the app “very useful” because she brings her phone with her anyways; 
• Someone else uses her phone to mark the expiry dates of products using stickers; 
• Has marked the contents of items in the freezer, surprisingly the paper barcodes 

do hold up; 
• Would like to re-use stickers because they are often placed on packaging that is 

thrown away, such as milk. 
  
New features: 
• Suggested to add a feature to create groups with whom you can share recordings, 

this was well received; 
• Upon scanning a barcode, it would first check if it is known in your own account, if 

not, it checks the groups you are a member of; 
• This setup allows you to override recordings in case you would like a different 

message; 
• Additionally, there could be the possibility of making recordings public; 
• Anyone who has the Speechsticker app would be able to scan & playback these 

recordings; 
• Perhaps the recordings could be shown in a timeline, similar to Twitter. 
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• This could also be used by companies to make their buildings more accessible; 
• Furthermore, GPS could be added to localize the feed. 
 
VoiceOver gestures: 
• Magic tap: does know about this gesture but rarely uses it because many apps do 

not suggest it. This could be great to mention when the app is launched for the first 
time; 

• Escape gesture: uses this all the time to navigate back, mentions it is irritating that 
some apps have custom navigation implementations that break this gesture; 

• Additionally, a lot of times apps change design and because she is fully blind, the 
only way to find out what has changed is to go through the whole app; 

• Mentions that Facebook recently broke the “awesome text” posts for VoiceOver 
users, it would no longer speak out the text; 

• Facebook also has the same changelog every time so there is no way to know what 
has actually changed; 

• Suggested to add a design changelog to the app, it would list all (major) changes of 
all interface elements, this idea is well received. 

 
Findings: 
1. Barcode scanning is challenging when you are fully blind; 
2. The app is considered “very useful” and is used to mark all kinds of objects; 
3. New features were well received and considered good additions; 
4. VoiceOver gestures are known but not always used, could be mentioned in a 

tutorial. 
  



 Page 44/44 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
TRITA-EECS-EX-2018:611 
 


