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Abstract

Touchscreen-Based Learning Technologies for Children with Visual Impairments

Lauren Ruth Milne

Chair of the Supervisory Committee:
Richard E. Ladner, Professor Emeritus
Computer Science and Engineering

Many learning technologies, such as the block-based programming environments used to teach
programming and many literacy applications, rely heavily on visual elements to convey
information, making them inaccessible for children with visual impairments. In this dissertation,
| explore ways to use touchscreens to make this material accessible: allowing children with
visual impairments (aged 5-14) to access the spatial information using a combination of
touchscreens, tactile and audio feedback. Because they can convey spatial information and rely
on direct manipulation, touchscreens are a promising avenue of research for this population.
However, there has been very little research on the use of touchscreens by children with visual
impairments.

Through my research, | provide solutions to remedy this. | explore how children with

visual impairments are currently using and being taught to use learning technology through



interviews with teachers of the visually impaired. | evaluated one type of learning technology
(block-based programming environments) to determine how accessible they are. | created two
accessible touchscreen applications that allow children with visual impairments to independently
access similar content for learning to that of their sighted peers. The first is a suite of games that
use the haptic and audio feedback on the touchscreen to represent Braille characters to allow
children to practice reading and writing the characters. The second is a block-based
programming environment to give children an introduction to computer programming.

In this dissertation, | present my research (1) to discover how children with visual
impairments are currently using technologies, including touchscreens, and the accessibility
problems with existing touchscreen devices and (2) on the design, development and evaluation of

two pieces of touchscreen-based learning technology for children.
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GLOSSARY

TERM DEFINITION
ASSISTIVE Any item, piece of equipment, or product system, whether
TECHNOLOGY acquired commercially off the shelf, modified, or customized, that

BLOCK-BASED
PROGRAMMING
ENVIRONMENT
BLIND

LEARNING

TECHNOLOGY
LOW-VISION

REFRESHABLE
BRAILLE DISPLAY
SCREEN READER

TOOLBOX

VISUALLY IMPAIRED

WORKSPACE

is used to increase, maintain, or improve functional capabilities of
individuals with disabilities (as defined by IDEA [133]).
Computer programming in an environment where programming
commands are represented as blocks: units of code that can be
connected together to form programs (e.g. Scratch [107]).
Defined in terms of function: to describe the vision of individuals
who primarily use audio or Braille to access textual information.
Tools that children directly interact with to support learning either
in or outside a classroom.

Defined in terms of function: to describe the vision of individuals
who have uncorrectable vision loss to the extent that they qualify
for extra educational support (in the form of extra instruction or
access to technologies) but are able to use their vision to access
textual information with magnification or other aids.

Hardware that allows a user to read output from a computer in
Braille by raising and lowering small metal pins in Braille cells.
Software that interacts with the operating system on a computer in
order to read aloud elements on the screen and allowing the user to
navigate and select elements (e.g. JAWS [143], VoiceOver [144],
TalkBack[42]).

The menu of possible blocks that can be added in a block-based
environment.

Defined in terms of function: to describe the vision of individuals
who have uncorrectable vision loss to the extent that they qualify
for extra educational support (encompasses both low-vision and
blindness)

The part of a block-based environment that holds the created
program.

Xiv



Chapter 1. INTRODUCTION

With the rise of the internet and computer, there has been a remarkable influx in the availability of
digital educational content over the past 30 years [51]. This can benefit all students, but it has the
potential to greatly even the playing field for students with visual impairments. This is because
digital content can be more easily be accessed through multiple modalities than physical content
(e.g. a digital book can be read as written text, enlarged by magnification, read aloud as audio,
read as Braille on a refreshable Braille display or printed as Braille by an embosser). However,
most of these educational tools have not been designed with students with visual impairments in
mind, so they rely heavily on visual elements and do not interface well with assistive technologies
such as screen readers.

In this dissertation, | explore some of the ways that current “mainstream” learning
technologies are not accessible to children with visual impairments. | do this through interviews
teachers of the visually impaired (TVIs) and through an evaluation of one type of learning
technology (block-based computer programming environments). | also explore using mobile
devices with touchscreens to create two pieces of learning technology: (1) the BraillePlay games,
games that use the touchscreen of a smartphone to represent Braille characters and allow children
to practice dot patterns, and (2) Blocks4All environment, an accessible programming environment

that allows children to become familiar with some programming constructs.



1.1 MOTIVATION

| chose to design technologies for children with a wide range of visual impairments. According to
the American Community Survey, there were approximately 706,400 children who reported
having a visual disability in the United States in 2016 [55]. However, according to the American
Printing House for the Blind (APH)?, there were only 62,500 legally blind children in educational
settings that qualified for reading materials in alternative formats (e.g. Braille, large print or audio)
in 2014 [6]. Of these students, 8.6% use Braille as their primary reading medium, 9.4% use audio,
17% are pre-readers, 31% are visual readers (i.e. use print) and 34% are symbolic or non-readers.
Throughout this this dissertation, | define vision in terms of functional ability to access textual
information and use the following terms:

e Blind to describe the vision of children who primarily use audio or Braille to access textual

information,

e Low-vision to describe the vision of children who have uncorrectable vision loss to the
extent that they qualify for extra educational support (in the form of extra instruction or
access to technologies), but are able to use their vision to access textual information with

magnification or other aids, and

e Visually impaired to encompass vision that ranges from low-vision to complete blindness.

! The APH notes that “The specific purpose of the annual Federal Quota Census is to register students in the US and
Outlying Areas who meet the definition of blindness and are therefore eligible for adapted educational materials
from APH” and that the number of students who read Braille in the US cannot be determined from the data.



I chose to use touchscreen mobile devices as the output mechanism because they are:

e Integrated with assistive technology: they work well with assistive technology, i0S

products in particular have a built-in screen reader and can be connected to Braille displays,

e Able to convey spatial information: they have touchscreens, which interface with screen
readers so that blind children can get a better sense of how items are spatially laid out

compared to traditional desktops or laptops,

e Mainstream: they are a mainstream technology that is widely used in educational settings
(multiple school districts in Washington State have one-to-one iPads for elementary

schools) and at home, and

e Child-friendly: they give children an easier interface than a traditional computer to learn
both computing skills and how to use assistive technologies like a screen reader. These are
both important skills that can be more challenging for children with visual impairments to
learn, because they have to learn to an extra layer (screen reader or magnifier) on top of

the technology itself.

Educational technology is broadly "the study and ethical practice of facilitating learning and
improving performance by creating, using, and managing appropriate technological processes and
resources” [108]. Throughout my dissertation, | use the term learning technology in a slightly
narrower sense to mean specifically digital tools that children directly interact with to support
learning either in or outside a classroom. Based on the small, heterogeneous populations and time
constraints 1 worked with, | focused on designing pieces of technology to support children with
visual impairments in practicing discrete skills (i.e. correctly entering the Braille dot patterns for

a character and creating a block-based program that would make a robot drive in a square). |
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focused on creating accessible interactions and measuring that the children were able to use the
technology to perform similar actions to their sighted counterparts. A limitation of my work is that
I did not directly measure how well my tools supported learning, although I collected qualitative
feedback from the children, parents and teachers who participated in my studies about how well

they thought the tools supported learning.

I chose to focus on creating learning technology to support practicing two important skills:
Braille literacy and early computer programming literacy. Learning to read and write in Braille is
an important skill for blind children, as it is directly correlated with academic achievement and
employment [145]. Unfortunately, Braille literacy is declining, and it is estimated that only 10%
of blind children are learning Braille [93]. This may be due to the fact that children with visual
impairments are more likely to placed be in mainstream classrooms with sighted children and may
only meet with a TVI a few times a week. This underscores the importance of creating multiple
avenues for children to learn and practice Braille. As a blind child in a mainstream school may
only have dedicated Braille instruction once or twice a week, it is important to create technologies

that support independent practice of Braille skills.

Learning computer programming is also an increasingly important skill: children who learn
programming skills today may be the creators of information technology tomorrow. Unfortunately
computer science is a field that is notoriously lacking in diversity, and there are numerous
challenges that make it difficult for students with visual impairments to learn to program [19]. This
motivated me to develop techniques so that children with visual impairments can access block-
based programming environments, and through them some of the earliest curriculum around

computer science.
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Although these technologies are only a small part of what is needed to master these two skills,
they are a first step in allowing children with visual impairments to access independently access
the digital content provided in these types of learning technologies. In this dissertation, | focus on
creating learning technologies and developing touchscreen interaction techniques that provide
non-visual access to the same types of information that is currently provided in a visual manner.
My hope is that these techniques can be incorporated into existing learning technologies so that
children with visual impairments can access existing curriculum and have the same learning

opportunities as their sighted peers.

1.2 THESIS STATEMENT

The work in this dissertation supports the following thesis claims:

Children with visual impairments use mainstream touchscreen devices for learning in a variety of
ways, despite having to overcome accessibility challenges in order to use them. In the context of
block-based programming environments, these challenges include a reliance on visual metaphors
and gesture-based interactions that do not interface well with the screen reader. To improve access
to learning technologies on these devices, we can design applications that (1) use the spatial
information afforded by the touchscreen to help children understand structural information such
as the layout of a Braille cell or the structure of program code, and (2) use the visual, haptic and
audio feedback of these devices to engage children and allow them to use these applications

independently.



1.3 RESEARCH QUESTIONS AND APPROACHES

To support my thesis, | first discuss my research into how children with visual impairments are
using technology. | focused on how they are using touchscreen devices and the accessibility
challenges they encounter, to answer the following research questions:
e Q1: How are children with visual impairments using touchscreen computing technologies
for learning?
e Q2: What are the challenges that children with visual impairments face when using
touchscreen technologies?
e Q3: What are the accessibility challenges in existing block-based programming

environments for children with visual impairments?

| then explored how to overcome these challenges by creating two pieces of learning technology,
answering the following research questions:
e Q4: How can we use a touchscreen device to create engaging games that children with

visual impairments can use to practice reading and writing Braille characters?

e (Q5: How can we use a touchscreen device to allow children with visual impairments to

understand and create block-based programs?

1.3.1  Technology use by Children with Visual Impairments

To answer the first two research questions Q1 and Q2, I conducted interviews with six TVIs to
understand how children were being introduced to and using technology in an educational setting.
This provided an understanding of how children with visual impairments are currently using both
mainstream and assistive technologies and the accessibility challenges they face. This also

provided evidence supporting the first claim of my thesis that: Children with visual impairments
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use mainstream touchscreen devices for learning in a variety of ways, despite having to overcome

accessibility challenges in order to use them.

1.3.2  BraillePlay Games

In order to answer Q4, | created a suite of four word games with varying levels of difficulty, using
a vibrating interface that used the spatial nature of the touchscreen to display Braille characters
and reinforce Braille dot patterns for children with visual impairments who were learning to read
Braille [54]. I ran a longitudinal study in the wild over four weeks with eight children with visual
impairments. | found that all but one of the children could play the games independently and
indicated that they understood the spatial representation of the Braille cell. They also reported that
they enjoyed playing the games, although they chose to play them for only two and a half hours
over the course of the study. This provides support for the third claim of my thesis: that we can
design applications that (1) use the spatial information afforded by the touchscreen to help
children understand structural information such as the layout of a Braille cell or the structure of
program code, and (2) use the visual, haptic and audio feedback of these devices to engage

children and allow them to use these applications independently.

1.3.3  Accessibility Challenges in Block-Based Programming Environments

To further explore the existing accessibility challenges in touchscreen applications, and answer
Q2. I did an accessibility evaluation of a particular genre of learning technology, block-based
programming environments, intended to be used as a way to introduce children to programming,
answering Q3.

I identified five main accessibility problems in these environments, that broadly reflect three

accessibility challenges a child with visual impairments might encounter with any touchscreen
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application: (1) elements (in this case blocks) were not accessible (could not be read by the screen
readers), (2) gestures (in this case drag and drop) were not compatible with screen readers, and (3)
certain information (in this case program structure, type information about the blocks, and the
output of the programs themselves) was conveyed only through visual metaphors that could not
be accessed or understood without sight. This provides further support for the second claim of my
thesis: that in the context of block-based programming environments, these challenges include a
reliance on visual metaphors and gesture-based interactions that do not interface well with the

screen reader.

1.34 Blocks4All

Based on the accessibility problems identified above, I built Blocks4All, a prototype block-based
programming environment where I implemented various means to overcome these challenges
using a touchscreen tablet. | worked with a TVI and five children with visual impairments who
used Blocks4All to determine the usability of these techniques and answer Q5: How can we use a
touchscreen device to allow these children to understand and create block-based programs?

I focused on exploring non-visual techniques to present information about blocks, block types,
and the spatial structure of program code and interactions to replace the inaccessible drag and drop
gesture. | evaluated the final version of the application with five children with visual impairments,
showing that these children were able to create and manipulate block-based programs using my
techniques and understand the structure of block-based programs using the touchscreen interface.
This provides further support for the third claim of my thesis: we can design applications that (1)
use the spatial information afforded by the touchscreen to help children understand structural

information such as the layout of a Braille cell or the structure of program code, and (2) use the
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visual, haptic and audio feedback of these devices to engage children and allow them to use these

applications independently.

1.4 CONTRIBUTIONS

The contributions from this work are summarized below and include two artifact contributions (the
BraillePlay games and Blocks4All environment) as well as empirical evidence on the existing
accessibility challenges in touchscreen technologies and on how educational touchscreen
technologies can be created to mitigate these challenges. The contributions include:
e Knowledge of how children with visual impairments are currently using information
technologies and the challenges they face in using these technologies through interviews

with TVIs,

e The BraillePlay games, both iOS and Android applications, as well as empirical findings
and design implications from a longitudinal study that show how eight children with visual

impairments interacted with games,

e An analysis of existing block-based programming environments and discussion of the

accessibility challenges within them,

e The Blocks4All environment, with an exploration of multiple interaction techniques to
overcome the previously identified accessibility challenges with five children with visual

impairments and an evaluation of the final application with five children.
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1.5 DISSERTATION OVERVIEW

This dissertation is divided into seven chapters which | summarize below:

e In Chapter 2, Related Work, | summarize research into how children with visual
impairments are using technology, including touchscreens, and research in touchscreen
accessibility and educational touchscreen applications.

e InChapter 3, Technology Use by Children with Visual Impairments, | describe the research
I conducted on how children with visual impairments are currently using technology in
educational settings through interviews with TVIs.

e InChapter 4, BraillePlay Games, | describe the design and evaluation of a suite of Braille-
based smartphone games, which use the vibrating touchscreen interface to represent Braille
characters. The work in this chapter was done in collaboration with Cynthia L. Bennett,
Shiri Azenkot, Richard E. Ladner and is based on work previously published at ASSETS
2013 [88] and 2014 [90].

e In Chapter 5, Evaluation of Existing Block-based Programming Environments, | describe
my investigation into the accessibility of block-based programming environment and
testing of Tickle, an “accessible” environment with three children with visual impairments.
The work in this chapter was done in collaboration with Richard E. Ladner and is based on
work previously published at CHI 2018 [87].

e InChapter 6, Blocks4All, I describe the design, development and evaluation of Blocks4All,
an accessible Dblock-based programming environment and provide design
recommendations to make other block-based programming environments accessible. The
work in this chapter was done in collaboration with Richard E. Ladner and is based on

work previously published at CHI 2018 [87].
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e InChapter 7, Contributions and Future Work, | summarize the limitation and contributions
of my work, and discuss future directions including exploring accessible programming

activities.
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Chapter 2. RELATED WORK

In this chapter, I discuss work that informed my research. | highlight work in four areas:

(1) Touchscreen Accessibility: research into making mainstream touchscreen devices more
accessible for people with visual impairments,

(2) Technology Use by Children with Visual Impairments: research on how children (aged 0-
18) are currently using both access and mainstream technologies,

(3) K-12 Computer Science Education: research on how computer science is taught to
children, and

(4) Accessible Computer Science: research on both creating accessible educational tools for

computer science and programming tools for blind programmers.

2.1 TOUCHSCREEN ACCESSIBILITY

In this section, | give an overview of how touchscreens are currently accessible with screen readers.
| then discuss current research into non-visual input and output interactions for the phone,
approaches to making the drag and drop gesture accessible and research into how people with low-

vision use touchscreens.

211 Overview

When smartphones were first introduced, they were largely inaccessible for blind people.
However, in 2009, Android and Apple released TalkBack and VoiceOver respectively, native
screen readers which incorporate techniques similar to ones introduced by Kane et al. [57].
Currently with both TalkBack and VVoiceOver, a user can explore the screen with a single finger.
As elements on the screen are touched they are described via speech, and they can be selected via

a double tap anywhere on the screen. There are simple touchscreen multi-touch gestures to scroll
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down or move left and right to new screens, so that one-finger touch does not accidentally change
screens. This interaction method allows a visually impaired user to understand the spatial layout
of elements on the screen. Items are read aloud as users explored the screen by touch and the last
item read is activated with a double tap. Since the introduction of these screen readers, smartphones
have been widely adopted by people with visual impairments: a 2017 study by WebAIM found
that 88% of people with visual impairments reported using screen reader on a mobile device, with
76% of them using VoiceOver and 22% using TalkBack [146]. Although these screen readers
support navigating through text and menus very well, other graphical elements, custom user
interface elements and gesture-based interactions (such as drag and drop) are not always accessible
[49,89], for example only one of the block-based touchscreen interfaces that | evaluated in Chapter

5 was accessible.

2.1.2  Touchscreen Input

There has been research on improving both non-visual input and output mechanisms using
touchscreens. There is a body of literature on various ways to input Braille on touchscreens
[17,73,80,110], which is discussed in more detail in Chapter 4. There has also been research in
using gestures to input other types of information. Kane et al. [60] explored the gesture preferences
of people with visual impairments for input on tablet touchscreens. They compared the gestures
invented by both visually impaired and sighted participants for common interaction tasks. They
found that compared to sighted participants, visually impaired participants preferred gestures that
relied on a virtual QWERTY keyboard (e.g. mimicking CTRL-V for copying), and gestures that
used the corners or edges of screen. However, this work was done with adults with visual
impairments and was done in 2011, and | have found no existing work looking at gesture

preferences by children with visual impairments. As researchers have reported sighted children
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can have difficulty performing certain gestures on touchscreens and their gestures are often
misinterpreted [9,83,111], children with visual impairments may have different gesture

preferences than adults and require a different set of design guidelines.

2.1.3  Touchscreen Output

Researchers have also explored many ways to help blind users make sense of output on
touchscreens. Giudice et al. [41] used a vibro-audio interface on a tablet to help visually impaired
participants explore simple on-screen elements. They found that people could identify and explore
low resolution bar graphs, letters and different shapes with the same accuracy as with a traditional
tactile graphic (although it took four times longer). | expand on this work by exploring if the
touchscreen interface can be used to identify more complex multi-part elements (i.e. Braille
characters) and more complex hierarchical information (i.e. the program structure of a block-based
program).

Kane et al. [58] studied using different virtual information overlays to help blind users find
items on large table-top touchscreens. They came up with three overlays that were well received
in formative studies: edge projection (converting 2D information into linear list of targets along
the edge of the screen), neighborhood browsing (increasing the size of targets and reducing empty
space so that touching anywhere on the screen would result in speaking the nearest target), and
voice commands. In another study, Kane et al. [59] used plastic tactile overlays to help users make
sense of touchscreen content. In the BraillePlay study (Chapter 4), | used Android phones with
small enough screens that participants did not have trouble locating elements on the screen.
However, | used Kane’s recommendations to place items along the edge of the screen when
creating the Blocks4All environment (Chapter 6), as early tests made it clear that it was difficult

to locate items on a standard-size iPad.
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2.1.4  Accessible Drag and Drop
The drag and drop gesture is ubiquitous in applications for children, and recent work seems to
indicate that children expect and prefer to use the gesture over point and click [21]. In Chapter 5,
| found that the drag and drop gesture is used extensively in block-based programming
environments. However, unless a developer has taken steps to provide an alternative way to
perform this action, it does not work well with screen readers and is difficult for blind children to
perform. | discuss my own approach to replacing drag and drop with an accessible interaction in
Chapter 6, and in this section, | review the related work on making drag and drop accessible with
screen readers.

I found two research projects exploring ways to make drag and drop accessible for a computer
and keyboard. Somani et al. presented a way to make drag and drop accessible on webpages via
keyboard [119]. They use a select, select, drop method where items are selected and then dropped
with one key command and are navigated with another. Because there are multiple keys that can
be used for different commands, the program does not switch into a selection mode when an item
is selected. Instead, users can indicate whether they want to move to the next item or select an item
based on which key they press. Drag and drop on web-based applications can be made accessible
through a similar select, select drop mode using ARIA properties [147]. Winberg et al. created a
version of drag and drop that gives auditory cues as items are dragged across the screen so that
blind users can determine where targets are [138]. It switches between an overview and a zoom
mode to help navigate a screen with many small targets. | explored using both types of drag and

drop (auditory-cued and a select, select drop) in the Blocks4All environment in Chapter 6.

As of the 2017 version of the Apple iPad operating system, there are two VoiceOver methods

to use drag and drop for items on Apple touchscreen devices. The first is a double tap and hold,
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which allows the user to access the underlying drag gesture. This method which must be
augmented with audio descriptions of where you are dragging the item in order to make it truly
accessible. The second is a select, select, drop method, in which you select an item, pick the drag
option out of a menu of actions and then select a location to place the item. Both of these methods
can be used to move applications on the home screen, but to get them to work within applications,
developers have to do extra work. For the first method, they must provide the audio descriptions
so that people know what is happening as they drag objects. For the second method they have to
create a selection action and add it to a list of rotor actions available to the screen reader. It should
be noted that none of the block-based environments | evaluated in Chapter 5 had implemented this
option to move blocks. This could certainly replace the select, select drop interaction I
implemented in Blocks4All (Chapter 6), but it introduces an extra layer of interaction in order to
move the blocks. Additionally, only one of the participants who used VoiceOver in my studies

was familiar with the rotor, indicating that this might be too complex an interaction for children.

2.1.5  Touchscreen Accessibility for Low-vision

Although people with low-vision make up the majority of people with visual impairments [148],
there has been little work on touchscreen accessibility for people with low-vision. Szpiro et al.
investigated how people with low-vision use computing devices and found that they prefer to rely
on their vision as opposed to access information aurally [125]. However, they found the use of
zoom features (where a magnification box can be dragged around the screen) to be tedious and
time consuming. They found it difficult to get contextual information when using the zoom
features, as the zoomed in portion of the interface obscured parts of the rest of the screen. In my

interviews with TVIs (Chapter 3), the teachers reported similarly that students with low-vision did
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not like using zoom features. | took this into account when designing Blocks4All (Chapter 6) and
allowed users to enlarge portions of the interface without obscuring other elements.

Crossland et al. [30] conducted a survey that looked broadly at how adults with visual
impairments (both who were blind and had low-vision) used smartphone, tablet and e-reader
devices. They found that people who were blind were equally likely as people with low-vision to
own a smartphone. They found that most of their survey respondents used some type of
touchscreen mobile device: (81%) of the survey participants used a smartphone and over half
(51%) used a tablet. In addition to using their phones to make phone calls, send texts, access the
internet and access applications, 51% of the smartphone owners used the camera and screen as a
magnifier: taking pictures and then zooming in. They found that respondents with low-vision were
split in what types of accessibility features they used on their smartphones: 46% used speech, 66%
used large print, 43% used a big screen (either magnifying the entire screen or zooming in on a
particular area), 38% changed the contrast and 26% selected different fonts. | followed up on this
work in my interviews with TVIs in Chapter 3, finding how students with visual impairments also
use the touchscreen devices’ cameras as magnifiers, and often chose not to use the accessibility

features on their phones.

2.2 TECHNOLOGY USE BY CHILDREN WITH VISUAL IMPAIRMENTS

In this section, | discuss how children with visual impairments use technology. | discuss (1) the
different types of assistive technology that children with visual impairments use, (2) research into
how children with visual impairments are using technology at school and at home and (3) research

into designing games for children with visual impairments.
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2.2.1  Assistive Technologies for Computers and Mobile Devices
In the Individuals with Disabilities Education Improvement Act (IDEA), assistive technology is
defined as “any item, piece of equipment, or product system, whether acquired commercially off
the shelf, modified, or customized, that is used to increase, maintain, or improve functional
capabilities of individuals with disabilities” [133]. In this section | describe the most common
assistive technologies that an individual with visual impairments might use to access computers
and mobile devices.

One of the most important technologies for someone who is blind to access a computer is a
screen reader. This is software that interacts with the operating system which reads aloud elements
on the screen and allows the user to navigate and select elements. In addition to VVoiceOver and
TalkBack, the screen readers designed for mobile devices discussed in Section 2.1, there are a
number of screen readers designed for traditional computers. According to the WebAIM 2017
survey [146], the three most popular screen readers, in order, are: (1) JAWS for Windows, which
costs over $1000 [143], (2) NVDA for Windows, a free open-source screen reader and (3)
VoiceOver, which comes built-in on iOS devices and Apple computers. | used the NVDA screen

reader when testing block-based applications in Chapter 5.

There are a number of hardware devices that can be used for input or output in conjunction
with a screen reader. The audio output of a screen reader can be redirected to a refreshable Braille
display [5], so that it can be read in Braille instead. Often these Braille displays are integrated with
a Perkins chording keyboard that can be used to type in Braille, but they can also be integrated
with a traditional QWERTY keyboard. There are also a number of standalone computers with

Braille displays that are designed specifically for people who are blind, such as the Braille Polaris
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and the BrailleNote Touch, which incorporates a touchscreen for input [149]. These computers are

also expensive: the 32-Braille cell versions of both of these retail for over $5,000.

For people with low-vision, there are a number of tools that can be used to magnify the screen
or change the color contrast. For most web-browsers, there are built-in text sizing and zoom
controls that can be accessed on a computer via a keyboard command such as ctrl+ or on a mobile
device with pinch-to-zoom. On most computers and mobile devices there is a built-in
magnification window that can be found in the accessibility menu, which can be dragged around
the screen like a magnifying glass (e.g. Windows Magnifier [150] , MacOS Zoom[151]). There
are built-in high contrast modes on mobile devices and most computers, and you can choose to use
custom style-sheets to view webpages in a web-browser. There is also a commercial product,
ZoomText, a combination magnifier and reader designed for people with low-vision, and Fusion,
which integrates ZoomText and the JAWS screen reader, designed for people with progressive

vision loss [152].

Although people with visual impairments generally use the same input mechanisms as sighted
people for computers (keyboards and the mouse if they have enough vision), it can be challenging
for them to use the onscreen keyboard to type on mobile devices. This is because the keys are
smaller than on a computer keyboard and are not tactile. Additionally, trying to type on a mobile
device with a screen reader on is very laborious, as each key must first be found with a single tap
and then selected with a double tap. Because of this difficulty, Azenkot et al. found that people
with visual impairments are more likely than sighted people to use dictation on their mobile

devices [16].
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2.2.2  Technology Use by Children with Visual Impairments
There is up-to-date information on how adults with visual impairments are using both assistive
technology such as screen readers [153] and mainstream technology such as mobile devices [30].
There are also numerous studies looking at how (mainly sighted) children are using technology
[101,154,155]. However, there is not much information on how children and teenagers with visual
impairments are using technology.

The largest studies that look into how children with visual impairments use technology are
part of two larger longitudinal studies that broadly documented the experiences of students with
disabilities in educational settings in the United States. The first was a 5-year study that followed
students through elementary to high school and ended in 2005 [156] and the second was a 5-year
study that followed children from preschool to elementary school and ended in 2008 [157]. These
studies only reported basic information about whether children with visual impairments were using
certain types of assistive technology in order to access the curriculum. Of the students without
additional intellectual disabilities, they reported that 84% of the students who were blind and 14%
of the students with low-vision used braille note-takers or writers to access the curriculum, and
66% of the students who were blind and 31% of the students with low-vision used computer
software to access the curriculum [158]. Unfortunately, the survey results seem to indicate that
students with visual impairments are underserved in terms of access to this technology. A detailed
analysis of the survey data by Kelly et al. [62] found that “between 59% and 71% of the students
with visual impairments who were most inclined to benefit from assistive technology did not have
the opportunity to use assistive technology” and that students who attended received non-itinerant

instruction from a TVI were much more likely to use assistive technology than those who received
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itinerant instruction. The lack of current information on how children with visual impairments are

using technology is a hole in the literature that | seek to remedy with my interviews in Chapter 3.

There have been smaller scale studies that look in particular at how teenagers with visual
impairments are using social media. Libera et al. conducted focus group interviews with 14
students in Brazil on how they were using social media and mobile devices [34]. They found that
the teenagers with visual impairments used social media as much as their sighted peers; however,
they preferred social media applications that rely less on photos such as WhatsApp as compared
Facebook. Bennett et al. explored this topic in depth: looking at how teenagers with visual
impairments share photos on social media [25]. They conducted interviews with 14 teenagers with
visual impairments. They found that the teenagers with low-vision were heavy users of photo-
heavy social media platforms such as Snapchat and Instagram, and the teenagers who were blind
wanted to engage with photos on social media sites such as Instagram and Facebook. They noted
that the teenagers with low-vision had to use special strategies to engage with the platforms (e.g.
take screen shots of shared Snapchat photos so they could explore them completely with
magnification). They found that the low-vision participants used both the zooming features that
were built into the applications as well as the zooming accessibility features that were built into
the phones. However, this often led to usability problems, as it was hard to remember which
gesture to use when switching back and forth and the gestures were sometimes misinterpreted by
the applications. Interestingly, they also found that the teenagers sometimes took advantage of the
ephemeral nature of Snapchat photos to take functional photos that they did not want to save (i.e.

use their phone’s camera as a magnifier to zoom in on some part of their environment).

There has been work exploring how assistive technology can be seen as stigmatizing for

people with disabilities [114,118]. Avoiding stigma is likely to be even more important for children
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in middle and high school because of the added social pressure to “fit in.” In interviews with
teenagers with visual impairments in Norway, researchers found that teenagers with low-vision
tended to reject using assistive technologies whenever possible as they saw these technologies as
stigmatizing and symbolic of dependency, but were very open toward using more “mainstream”
technologies [118]. They also found that teenagers who were blind tended to be more open to using
assistive technology; likely because they would be unable to access most computing technology
without it. This work is in line with research by Shinohara et al. who conducted interview studies
with 20 adults with disabilities on their assistive technology use in social settings [114]. Based on
their interviews, they recommend that social acceptability should be considered when designing
assistive technology and whenever possible assistive technology should be directly integrated into
mainstream devices. This is likely to be even more important when designing for teenagers and
middle-schoolers because of the added social pressures at those ages, and it motivated my use of

mainstream mobile devices for both the BraillePlay games and the Blocks4All environment.

2.2.3  Accessible Computer Games

Computer-based technologies have the potential to enhance learning because they can allow for a
broad range of activities that promote interaction, provide immediate feedback and allow for both
independent and collaborative exploration [94]. Mobile touchscreen devices (smartphones and
tablets) offer an appealing and increasingly popular platform for learning technologies for children.
Mobile touchscreen devices offer advantages over traditional computers because they are mobile
(people can use them anywhere) and have additional sensors (e.g., a touchscreen and a vibration
motor). Additionally, many children already use smartphones on a regular basis. While
smartphones are generally accessible to people with visual impairments through magnifiers and

screen readers, screen readers work well with text-based interfaces that use standard Ul widgets.
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Games, by contrast, usually have custom widgets with images rather than text and can rely on
inaccessible gestures such as drag and drop. Moreover, they commonly require users to hit visual
targets under time constraints, making them inaccessible. Children with visual impairments are
thus unable to participate in and benefit from most of these promising educational tools
However, there are a few accessible games designed for smartphones. Both Tapbeats [64] and
the Audio Flashlight [134] use the audio interface of the smartphone to be accessible. Neither game
is designed for children or for educational purposes. Additionally, researchers have created
recreational digital games for traditional computers as well as various other hardware platforms
[12,13,27,46,86,113,142]. McElligott et al. [82] conducted co-design with children with visual
impairments and developed several computer games with audio feedback. They emphasized the
importance of using existing, mainstream platforms and designing games that can be played
autonomously and cooperatively. Researchers in the TiM project [12,27] also designed accessible
games that used audio feedback, but they required speakers for surround-sound and tactile overlays
for a computer screen. Some researchers have laid out guidelines in building accessible games
[7,15,47,82,99]. These guidelines inspired me to use a universal design approach to the design of
both the BraillePlay games and the Blocks4All environment by providing both audio and visual

output with high contrast for low-vision users.

2.3 K-12 COMPUTER SCIENCE EDUCATION

In this section, I discuss how computer science is currently being taught in primary and secondary
schools. As different countries are taking different approaches to introducing computer science
education and my user studies are based in the United States, | focus on computer science

education there. However, similar initiatives are happening worldwide. | first give a brief overview
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of computer science education. | then give an overview of block-based programming environments

and closely related programming environments.

231 Overview

There has recently been a big push to include computer science (CS) in K-12 education, and there
are currently many nationwide initiatives including Code.org [159], CS For All [116], and CS for
All Teachers [160] to support that goal. A 2016 Google-Gallup poll found that while only 40% of
K-12 schools reported having a CS class for teaching programming (up from 25% a year ago),
76% reported that some form of CS learning is available [45]. The idea of what K-12 computer
science education should look like is currently the subject of rich debate within the CS community
[48,139], but many of the currently supported ideas date back to Seymour Papert’s work on the
LOGO programming environment for children in 1960’s [100,137]. Papert suggests that early
programming environments for children should have three characteristics: a low-floor (be easy to
start using), wide-walls (used to do many different types of things) and a high ceiling (powerful
with the ability to increase in complexity). In practice, this has meant that much of K-8 education
has been taught not with traditional “professional” level programming languages and
environments, but with programming environments specifically designed for children and novice
programmers. These systems generally try to make it easier for children or novices to program by
simplifying the act of programming in some way: making it easier to express programs and reduce
syntax errors, or making it easier to understand program execution [61]. These include visual
programming languages (VPLs) and their associated environments, such as Scratch [107] and
Alice [40], which have a lower floor than most text-based environments because they eliminate
syntax errors and allow for rapid construction of code using drag and drop interfaces. Other novice

programming environments include physical computer environments and robotics Kits, such as
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Micro:bits [23] and Lego Mindstorms [75], which allow children to directly manipulate items. In
Chapter 5 of this dissertation, | explore how these visual programming environments, specifically
block-based programming environments, are not accessible for children with visual impairments.
In Chapter 6, | discuss the design and evaluation of an accessible block-based programming

environment used to control a robot.

2.3.2  Block-Based Programming Environments

Block-based programming environments and libraries, such as Scratch [78], Blockly [43], and
ScratchJr [38], are a popular tool for teaching programming to primary school-aged children. They
are widely used in both the Code.org [159] and the Exploring Computer Science curriculums [37].
More advanced block-based programming environments, such as Snap! [132] and Alice, have been
used in curriculum for the high school AP Computer Science Principles Course [127] and
introductory undergraduate computer science courses [32,40]. There have been mixed results
about how effective these environments are and how well computer science knowledge transfers
from block-based environments to text-based ones [1,14,72,103]. However, they have a number
of features that make them appealing teaching tools for young children:
e They are composed of puzzle-piece like blocks that represent units of code (i.e. nodes of
an Abstract Syntax Tree), with text, color and shapes that mirror the syntax of the language,
e Code is constructed via direct manipulation by a drag and drop interaction: blocks are
dragged onto one another and snhap together only if grammatically correct, making it
difficult to make syntactic errors,
e Blocks are visibly nested within each other to indicate scope, and
e The code environment and output of the code are tied closely together, so that cause and

effect are easy to understand.
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Unfortunately, these features are highly visual in nature, meaning that block-based environments
are unusable for blind children as shown in Chapter 5. My work on the Blocks4All environment
in Chapter 6 focuses on exploring ways to make these same features accessible in a non-visual
way. In the rest of this section, | discuss the design principles behind the three block-based
programming environments, Scratch, ScratchJr, and Blockly, that had the greatest influence on the
design of Blocks4All.

Scratch, one of the more popular block environments with over 20 million projects in the
online repository, is an online environment designed at MIT to have a “low floor, wide walls, and
a high ceiling” [78,107], and has been used as a tool to reach out to other underrepresented groups
in computer science [77]. However, a case study determining if it adhered to web 2.0 guidelines
for accessibility found that it is not accessible for many people with disabilities, including those
with visual impairments [92]. Scratch was originally designed to be used for informal active and
self-directed learning, with the goal to “make it more tinkerable, more meaningful, and more social
than other programming environments,” [107]. This inspires two important design goals for my
own work: to make environments that support independent navigation by blind children and that

allow for collaboration with low-vision and sighted children as well.

ScratchJr is a touchscreen block-based environment that was designed for younger children
(5-7 years old) [38]. It has similar design goals to Scratch (low floor, high ceiling, and
tinkerability), but incorporates many design ideas to make it work better for younger children. It
has low number boundaries and icon-based labeling to accommodate the large amount of
variability in literacy and math skills in this age group. Additionally, the designers recommend

having actions that can be grasped intuitively with visible outcomes, few gestures that require
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strong hand-eye coordination or fine motor skills, and a streamlined layout with a small number

of blocks and menus.

Blockly is a block-based library that Google developed so that developers can easily
incorporate block-based programming into their applications [43]. Unlike Scratch and ScratchJr,
it is not tied to a programming environment. It uses drag and drop manipulation to create code,
and color and shape indicate the syntactic properties of each block. Blockly is used in the Code.org

curriculum [159].

2.3.3 Accessible Block-Based Environments

Lewis et al. did preliminary work on adapting a dataflow programming environment that they had
previously worked on, Noodle [71], to create a nonvisual interface for a block-based environment
[68]. This interface uses what they termed “pseudospatial” navigation using a keyboard and screen
reader, where the geometry is not strictly spatial (e.g. going left and up can lead to the same place
if there is a loop in the dataflow). Blocks are added by first selecting an insertion point in the
workspace and then navigating through the palette to add a block. Currently, the program supports
music synthesis as output.

Google has produced an accessible version of web-based Blockly [44] that uses a hierarchical
HTML structure to represent blocks and block-based code. This environment also supports screen
reader keyboard navigation of the code structure in the workspace and the palette, with users
selecting an insertion point in the code and then pulling up a menu in the workspace. Unfortunately,
it appears that the Accessible Blockly project is not currently active and neither group has reported

on any user testing with their interfaces.
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Although not specifically designed for people with visual impairments, hybrid text/blocks
environments (e.g. Greenfoot 3, which supports the frame-based language, Stride [67,104]) are
potentially more accessible programming environments than block-based programming
environments [66]. | discuss them and the reasons they might be more inherently accessible in

section 2.3.6.

2.3.4  Tangible Programming

There is work both in research [53] and in industry [65,105,124,161] on creating tangible block-
based programming environments with physical blocks. These environments were not specifically
designed for children with visual impairments and are currently not accessible for them (the blocks
either are not able to be distinguished tactilely or the output is still completely visual). However,
they seem like a promising line of research, based on the importance of tangible objects in
education for students who are blind. | include four tangible programming environments in my
evaluation in Chapter 5. In Chapter 6, | chose to focus on creating accessible techniques to access
environments on touchscreen devices, as this allows blind children to access learning technologies

using a mainstream device instead of specialized tools.

2.3.5  Visual Programming Languages

As hinted at by their highly visual nature, block-based programming environments use a subset of
visual programming languages (VPLs), defined as “any system that allows users to specify a
program in two or more dimensions” [91], implying that they might actually be more spatial than
visual in nature. VPLs can be challenging to use because they tend to require a specialized IDE,
programs take up a lot of screen real-estate, and they can take longer to edit than text-based

languages. However, they are well-suited for certain niche areas: educational purposes (e.g. block-
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based environments), to specify user interfaces, and for end-user programming (e.g. spreadsheets
and LabView [162]). As Myers [91] elucidates when laying out his taxonomy of VPLs, they can
be especially useful for non-expert programmers because they tend to (1) have a higher level of
abstraction and de-emphasize syntax, (2) have a direct manipulation interface, as you construct a
program using (often dragging and dropping) icons and other graphical objects, and (3) incorporate
2D displays of information, which can help in understanding programs (e.g. code indented by
scope is much easier to understand than the same code in a single line). These are all features
shared by most block-based environments, and importantly, none of these properties are inherently
visual, so they can be presented in a non-visual way. In fact, Baker et al. [18] found that
reintroducing 2D structure into program code read by a screen reader, by allowing users to navigate
an Abstract Syntax Tree (AST) using keyboard commands, increased the speed at which blind
developers were able to complete tasks with code and increased their understanding of the structure
of the code. In Chapter 6, | show that a touchscreen environment with a screen reader lends itself
readily to the second two features: a direct manipulation environment and a 2D display of

information, which helps convey program structure.

2.3.6 Structured Editors

More broadly, block-based programming environments are a type of structured editor, where the
unit of composition is not a character or word (although most block-based environments allow
character by character editing of string literals) but a node in an AST [35]. Many of the features
that are often present in VPLs that make them useful for beginner programmers—nhigher levels of
abstraction and lack of syntax errors—are also built into structured editors. However, structured
editors are not necessarily visual, which makes them useful for providing design guidelines for a

non-visual environment. These editors have been around since at least the 1980’s. An early
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example was the Cornell Program Synthesizer [126], which was used for introductory computer
science courses at Cornell and other universities. The Program Synthesizer allowed users to insert
statements using keyboard commands, creating syntactically correct templates with placeholders,
which indicated whether they could be replaced with other statements or with typed expressions
or assignments. This created a hybrid model, where AST nodes could be completely entered only
in syntactically correct spaces with a single keyboard command, and expressions were typed in.
Additionally, the high-level statements allowed the program to be easily traced during runtime—
the position of the cursor showed where the program was currently executing—which is mirrored
by the runtime highlighting of blocks today. One element of the Program Synthesizer that informed
one of my initial designs of a Blocks4All is the use of “invisible placeholders” before and after
each statement, which can be navigated to using the enter command (the placeholders are visible
if there’s nothing else there). In block-based environments these are implicitly present as blocks
can be added in between elements (and they are more explicit in the current form of Blockly which
has small gaps in between each block). In my initial design, 1 made these explicit as the starting
point for adding blocks to help to simplify navigation.

More recently, Ko et al. introduced the Barista framework which can be used to create
“hybrid” structured editors, which still represent the code as an AST (allowing for invalid token
nodes within it), but which allow for text-based editing of both the statements and expressions in
visual representation of the tree [66]. These editors can use the structure of the code to provide
contextual information to programmers and detect or prevent syntax errors but allow more low-

level editing and use keyboard commands in addition to drag and drop to move and create code.

Closely related frame-based editors are also “hybrid” structured editors. These editors in

particular are designed to combine the best of block-based and text-based programming editors
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and were proposed to be a bridge between from a block to a text-based environment [67]. In
Greenfoot 3, the editor which supports the frame-based language Stride, the syntactically-correct
structured frames of code (i.e. “blocks” or nodes in the AST) are created using keyboard
commands and can be moved using keyboard commands or drag and drop. Expressions are then
directly typed within the frames [67]. Although | have not tested these environments with a screen
reader, they are more inherently accessible because they use keyboard commands instead of drag
and drop to move and place blocks, and the structure of the AST could be interpreted by the screen
reader in the same way as any other structured tree. Additionally, the text-based expressions would
likely be more readable with a screen reader than the block-based expressions, which can be hard

to access with a screen reader.

2.3.7  Touchscreen Programming

With the rise of mobile devices, researchers are starting to create programming environments for
touchscreen devices. A group of researchers at Microsoft Research created TouchDevelop
[20,130], a mobile application used to design mobile applications, designed for older students and
hobbyists. | evaluated the accessibility of this application along with other block-based
environments in Chapter 5. Like the Cornell Program Synthesizer, TouchDevelop uses a structured
editor for statements, and a less-structured editor for inserting expressions, which relies on auto-
completion to insert complete tokens. It uses a text-based language, like BASIC, but it is limited
to specific syntax and predefined blocks. It is designed to be easy to use on a touchscreen: a
statement can be selected with a finger press, then a keyboard pops up with expressions that can
be added within the statement, as well as buttons to add statements before and after. The

application does not rely on drag and drop to add code from a palette to the workspace, instead the
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user selects a spot to edit in the workspace and then selects an expression or statement to add from
a list.

Another code editor designed for touchscreens is RefactorPad [106]. Unlike TouchDevelop,
which uses a structured editor so that text can quickly be entered using a touchscreen, RefactorPad
focuses on using gestures to edit and modify text-based source code, as opposed to entering it. The
researchers used a guessability study to design RefactorPad, where they showed the output of a
common refactoring task and asked participants to supply a gesture. The most common gestures
were then presented as design guidelines. Although many of the refactoring tasks are likely to be
used in a block-based environment, such as selecting, duplicating and moving code, the actual
gestures recommended either conflict with common screen reader gestures or seem specific to
sighted users (e.g. the undo/redo gesture is drawing a circle), so would not be useful in a non-

visual application.

2.4  ACCESSIBLE COMPUTER SCIENCE

In this section, | discuss (1) broadly how STEM education is made accessible for students with
visual impairments, (2) approaches to making computer science education more accessible and (3)

efforts to make non-block-based programming environments accessible.

24.1 Accessible STEM Education

Students with visual impairments and other disabilities are underrepresented in all STEM (science,
technology, engineering and math) fields, including computer science [95]. One reason for this is
that much of the current computer science curriculum and many of the tools are not accessible.
Researchers are looking to increase the accessibility of computer science with this population.

Studying the use of audio assistive technology for students with visual impairments in STEM
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fields, Nees and Berry [96] found that the majority of students with visual impairments went to
mainstream schools and participated in activities with their sighted classmates, signaling a need
for educational curriculum that is accessible to both. While they found that there has been
widespread adoption of text-to-speech for presenting digital text, there is a need for research in
making other items accessible, such as graphics and text, which are often present in STEM

textbooks and on standardized educational tests.

2.4.2  Accessible Computer Science Education

Much of the research in computer science has looked at using audio to increase access to tools and
curriculum by students with visual impairments. Sdnchez and Aguayo [112] created the Audio
Programming Language (APL), an audio-based programming language and associated
environment to teach students with visual impairments how to program. Stefik et al. [122]
designed a programming environment, Sodbeans, a plug-in for NetBeans, which relies on audio
cues to convey runtime and debugging information. They also developed Quorum, an accessible
programming language, and curriculum that was accessible for students with visual impairments.
In observations of students at a school for the blind, the authors found that students did best when
introduced to concepts through objects they could physically manipulate, with more hands-on
projects than lecturing, and when they were able to work at their own pace. This indicates that
accessible block-based environments such as Scratch, which encourage hands-on projects and
working independently, might be useful with this population.

Although most of the research involves using audio to develop curriculum and tools for
students with visual impairments in computer science, a few studies have looked at incorporating
tactile information. Kane and Bigham [56] ran a four day workshop with high school students with

visual impairments using twitter data to create a 3D printed visualization of fake crisis data. They
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found that the students enjoyed using the 3D printed graphics. However, the authors also found
that the students spent a great deal of time making impromptu “music” using VoiceOver audio and
seemed to enjoy getting immediate feedback as opposed to the delayed gratification of a 3D printed
graphic. Ludi et al. [75,76] looked at using tangible output for teaching programming and designed
a development environment and curriculum to teach robotics to high school students using the
Lego Mindstorms robots. Because the traditional block-based IDE for the Lego robots is Robolab,
which is not accessible with screen readers, the authors developed a text-based language and
environment for the students to use instead. Thieme et al. describe the development of Torino, a
physical computing language, which consists of “instruction beads” that can be joined together to
create programs, including literal loops and threads [128]. In line with this work showing that
robots are an accessible and tangible way to learn programming and that immediate feedback is
motivating for blind students, | used the Dash robot [141] for output in designing the block-based

programming environment in Chapter 6.

2.4.3  Accessible Programming Environments

In addition to developing curriculum to teach programming, there has been research into creating
better tools for blind programmers and understand their needs and the challenges they are likely to
encounter. A number of studies have found that blind programmers have a difficult time
understanding where they are in code in terms of scope without visual cues [2,3,56,112], and at
least two projects have looked at solutions to this problem. Baker et al. [18] created an eclipse
plug-in that allowed programmers to navigate a modified AST to help understand the structure of
their code, and Stefik et al.[121] injected verbal cues to indicate how deeply nested a statement is
during runtime execution of the code. In Blocks4All, I used the spatial layout of the code on the

touchscreen to help make the scope of nested statements more clear.
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Chapter 3. TECHNOLOGY USE BY CHILDREN WITH VISUAL

IMPAIRMENTS

In this chapter | answer the following research questions: Q1: How are children with visual
impairments using touchscreen computing technologies for learning? And Q2: What are the
challenges that children with visual impairments face when using touchscreen technologies? |
present evidence that supports the first claim of my thesis: Children with visual impairments use
mainstream touchscreen devices for learning in a variety of ways, despite accessibility challenges
that they must overcome to use them. This work was done in collaboration with Catherine Baker

and Richard Ladner.

3.1 INTRODUCTION

Prior work has shown that individuals with disabilities can feel self-conscious about using assistive
technologies or accessibility features on mainstream devices [114,118]. They can also feel
frustrated by the usability of these devices [125], which can lead them to abandon these devices
[102]. Recent work suggests that the social issues can have an even bigger impact on teenagers
and tweens than adults because of the added social pressures in middle and high school [25,118].
However, there is little work looking at how the social and usability challenges impact the use of
technology by teenagers and children with visual impairments in educational settings.

Many individuals with visual impairments have their first introduction to assistive technology
in school. With the advent of the computer, students have begun to use a wide variety of computer-
based assistive technology (e.g. screen readers or optical character recognition to read text) in order
to access information. Because of laws like IDEA [133], they can receive additional support and

training on this technology from TVIs while in primary and secondary school to ensure that they
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are able to access educational curriculum to the best of their ability. However, to the best of my
knowledge, the last look at how children with visual impairments are using technology in
educational settings was a set of surveys completed in 2005 and 2008 [157,158]. These surveys
looked broadly at how students receiving special education services performed at school and
documented the services they received, through surveys with school staff and interviews with
parents. However, although the surveys asked if the students used assistive technology, they did
not include very detailed information about what types of technology the students used or how
often. Additionally, as touchscreen-based tablets have become more popular in educational
settings and the accessibility on them have improved greatly since then, | was interested on

expanding on and updating this work focusing more on the technologies used by the students.

I sought to gain a better understanding of how children with visual impairments are using both
mainstream and assistive technologies in educational settings through semi-structured interviews
with six TVIs. | and one other researcher interviewed teachers who worked with students ages 5-

21 from both residential and mainstream schools. | sought to answer the following questions:

e TQ1: What factors do TVIs take into consideration when selecting and teaching technology
for the student to use?
e TQ2: What factors do TVIs think affect the students’ use or non-use of technology?
| was interested in exploring these questions from the perspective of the TVIs, as they work with
the children to select and train them on technologies they will use. 1 was interested broadly in what
technologies students with visual impairments are using in educational settings and what
challenges they encounter in using these technologies. | wanted to know what role teachers can

play in alleviating some of the challenges to use technology.
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I found that all of the teachers interviewed taught touchscreen mobile devices, the iPad in
particular. In some school districts, all students (including sighted students) in a certain age group
were automatically given an iPad. In other districts, teachers used iPads especially with students
with visual impairments. This is in part because the accessibility features, such as the screen reader,
zoom functions and color contrast, work well on the iPad, but also because of the other features
on the iPad. For example, students can use the camera as a video magnifier or the built-in sensors
on the phone to help with orientation and mobility. However, the teachers did mention some
problems they encountered when trying to get students to use the touchscreen devices. First, the
students did not want to stick out. Even when using a mainstream device such as an iPad, a student
might feel uncomfortable if they are the only one using it. Students, especially those with low
vision, sometimes opt not to use the accessibility features such as zoom or color contrast if they
feel it makes them stand out. Additionally, teachers noted some usability problems with the
devices: the screen reader gestures were hard for some of their students to learn and some

applications were not accessible with the screen reader.

In this chapter, | provide a better understanding of how children with visual impairments are
using technology in educational settings and the roles that TVIs play in selecting and training
students on these technologies. | found that students with visual impairments face a number of
challenges in using these technologies, as they are complicated to learn, often have usability
problems and often have bugs. Based on these challenges, | discuss the limitations of current
technologies and describe three areas of opportunities for design. This can be used to inform future

work on designing learning technologies.
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METHOD
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To answer my research questions, I, along with another researcher, conducted semi-structured

interviews with TVIs to determine how children were using and being trained to use technology

at school.
Table 3.1. Teachers of the Visually Impaired who were interviewed
Participant | Gender Job Type Job Description
Meets one-on-one with students to teach everything from self-
p1 E Itinerant (Small advocacy skills to learning to use different types technology.
School District) Works itinerantly to support students in one school district
(grades K-12 and transition ages 18-21).
Teaches a STEM subject and focuses on college prep and
P2 F Residential reading tactile graphics, etc... Works at a residential school for
the blind (grades 6-12 and transition).
Itinerant Provides consultative and direct instruction services on using
P3 M (Multiple School | assistive technology to TVIs to many schools. Works itinerantly
Districts) to support TVIs and students (grades K-12 and transition).
Works one-on-one and in small groups with students on
P4 E Residential learning technology. Meets stgdents both in and qutside of the
classroom. Works at a residential school for the blind (grades 6-
12 and transition).
Meets one-on-one with students to teach expanded core
PS5 E Itinerant (Large curriculum (technology, travel skills, independent living skills).
School District) Works itinerantly to support students in one school district
(grades K-12).
Meets one-on-one with students to teach expanded core
PG M Itinerant (Large curriculum (technology, travel skills, independent living skills).
School District) Works itinerantly to support students in one school district
(grades K-12).
3.2.1  Participants

| recruited six teachers (two male, four female) from my contacts within the community, word of

mouth and snowball sampling. | drew from the population of approximately 90 TVIs in

Washington State [84]. Approximately 84% of students with visual impairments are educated in

their local schools [6]; because of the low incidence of visual impairments, there are generally very

few students with visual impairments in a single school. Therefore, the majority of these teachers

work itinerantly, traveling between mainstream public schools in a single district to work with

students. According to a 2007 report, 59% of the TVIs in Washington State work in the state’s
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school districts as either itinerant or resource room teachers, 23% work with students at the state
residential school for the blind and 8% are based at the residential school but do outreach and
provide support across the entire state. The remaining TVIs are contract workers or work for the
Department of Blind Services or Washington Sensory Disability Services [24]. | interviewed
teachers from each of these populations: three itinerant teachers, two teachers who work primarily
with students at a residential school for the blind, and one who is based at the residential school,
but travels to provide assistive technology support to TVIs across the state. Of the itinerant
teachers, two worked in a large school district where there were multiple TVIs and one worked in
a small school district (<10,000 students), in which she was the only TVI.

I started recruitment through my existing contacts in the community. | contacted three teachers
via email asking if they were interested in doing the interview with me. During the course of these
initial interviews, the teachers recommended that that | reach out to the remaining three teachers
as they were very knowledgeable about assistive technology. This means the TVIs in my
interviews likely had more expertise on assistive technology than the general population of TVIs.
All of the teachers that were contacted agreed to be interviewed. Teachers were paid $35/hour for

completing the study.

3.2.2 Procedure

| conducted semi-structured interviews that ranged in length from 20 to 60 minutes. | audio-
recorded the interviews for data collection purposes. Participants were asked broadly about their
work, what kinds of technology they use with students, how they chose to introduce these
technologies and what types of problems they encounter pertaining to the technologies (Appendix
A). My collaborator and | formulated the interview questions based on our existing knowledge and

prior work on (1) how both adults and children with visual impairments use technology
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[125,146,156,157], (2) how students with visual impairments are taught to use technology [8,28]

and (3) barriers that adults and children with visual impairments encounter when using technology
[25,114,118,125]. We narrowed down the questions using our overarching research questions to

ensure the interviews were not longer than an hour.

3.2.3  Analysis

The audio-recorded interviews were professionally transcribed. We used grounded theory to
analyze the interviews. During data collection and analysis of the first two of interviews, my
collaborator and I brainstormed and developed codes (Appendix B). Then we independently coded
up the rest of the interviews, meeting to discuss any disagreements or new codes. When we
disagreed on a code, we discussed the issue until we reached agreement. We continued data
collection and analysis until we reached saturation: that is, no new strategies for introducing
technology, technology use patterns or challenges emerged. After coding all the interviews, we

developed themes using axial coding [123].

3.3 FINDINGS

3.3.1  Technology Use and Selection

The TVIs described a number of technologies that they used with their students, including both
mainstream tools (e.g. computers and tablets) and accessibility features (e.g. screen readers). |

summarize the different types of technology in Table 3.2.



Table 3.2. Types of Assistive Technology Described in Interviews

Technology

Description

Examples

Refreshable Braille
Display

Display for screen reader output
that uses small metal pins that pop
up to create Braille characters.
Often integrated with a Perkins
(Braille) or QWERTY keyboard.

Brailliant Series by
Humanware [163]

Braille Notetaker

Stand-alone computer (with
similar computing power to a
smartphone) with Braille display.

Braille Polaris, BrailleNote
Touch [149]

Video Magnifier/
Closed-Circuit
Television

Video camera that projects a
magnified image onto a display
(e.g. computer or television
screen).

Various stand-mounted and
handheld cameras work with
screen or head-mounted
displays

Screen Reader

Software that reads aloud elements
on the screen and allows user to
navigate and select elements.

JAWS [143], ChromeVox
[164], NVDA [165],
VoiceOver [144], TalkBack
[42]

Magnification Tools

Features that can be used to adjust
text sizing, text color or zooming.
Magnification windows that can be
dragged around the screen like a
magnifying glass.

Mainstream (Pinch-to-zoom,
ctrl+) and accessibility
features (Windows
Magnifier [150] and MacOS
Zoom [151])

Magnification Software
with Screen Reader

Stand-alone software that
combines magnification tools with
some screen reader features.

ZoomText (magnification
features with limited screen
reader) and Fusion
(combination of ZoomText
and JAWS) [152]

3.3.1.1 Types of Technology Used
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| found that the TVIs train their students on a wide variety of technologies. In terms of hardware,

students with visual impairments use iPads, sometimes connected to a Bluetooth keyboard, as well

as laptop or desktop computers. Students who are blind might use a Braille display connected to

their computer or even a stand-alone computer with a Braille display instead of a screen (called a

Braille Notetaker). However, because these devices are expensive, they are limited to students with
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high academic ability. P1 noted that they have to “triage” in determining how to buy AT for her
students. She said that “you make sure that your highest need person...by highest need (I mean)
academic rigor (combined) with cognitive ability. that person he gets everything he can.”
Similarly, P2 noted that even at a residential school for the blind, cost is a consideration in
purchasing the specialized Braille Notetakers and that they generally only give them to seniors
who are headed to college.

Students with low-vision also use video magnifiers. Multiple teachers (P1, P3 and P4) note
that these are one of the more challenging pieces of technology to get students to use, mostly for

social reasons. According to P3:

The other assistive technology... they 're always going to use the Braille...but people
will get a low-vision magnifier and because of social reasons, for whatever reasons,

they won'’t use the video magnifiers.

In terms of software, the blind students learn whichever screen reader matches the type of
device they are using: ChromeVox for Chromebooks, VVoiceOver for Apple products, and JAWS
or NVDA for Windows PCs (P4 noted that they had tried to use the less popular WindowEyes and
Narrator screen readers in the past but were no longer using them). Oftentimes the screen reader
dictates the device that the TVI teaches the students: P2, P5 and P6 all stated that the superior
accessibility features on the iPad mean that they use that tablet with their students instead of an

Android tablet. P2 explained that “the school just teaches VVoiceOver because it’s much better.”

The low-vision students use a variety of magnification software on their tablets and
computers. These include (1) the built-in “mainstream” features (e.g. pinch-to-zoom on a tablet,
ctrl+ in a web-browser), (2) the built-in “accessibility” features (e.g. the accessibility magnifiers

which zoom in on a portion of the screen or the color contrast) or (3) additional magnification
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software such as ZoomText or Fusion (which combines the magnification of ZoomText with the
JAWS screen reader). Three of the TVIs (P1, P5 and P6) noted that the built-in “accessibility”
features for low-vision are generally not good and their students prefer to use the built-in

“mainstream” features or the additional magnification software. In the words of P6:

We used to teach the magnification that’s built in like Windows and stuff. It’s pretty
awful. To be honest, it’s really awful....you set it on a little window of magnification
that zooms in on part of the screen and it’s hard to keep track of where your mouse
is, you can make the mouse a little bigger but not that big...The little squares, those
things don’t really, I don’t think I've ever met anybody that likes that....and I don’t

think it’s any better on Macs either.

Finally, many of the TVIs (P1, P2, P4, P6) expressed that many of their students seem to prefer
using more mainstream devices. In the words of P2, “If we could teach them normal technology
that’s better. Voiceover is just part of an iPad, Siri is just part of an iPad, right, there’s no special
program that was downloaded.” This may be due in part to a desire on the part of the students to

fitin.

3.3.1.2 Mobile Touchscreen Devices

All six of the teachers mentioned that they used mobile touchscreen devices (iPads in particular)
with their students for multiple reasons. One of the main benefits is that the built-in accessibility
of iPads is extremely good, making it better for students with disabilities. P1 said, while she wants
to migrate her blind elementary school students to Chromebooks to match the district, they are

currently mostly using iPads because the screen reader works better and interfaces more easily
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with Braille displays. When asked if the use of iPads was particular to the students with visual

impairments or was reflective of the technology the sighted children were using, P5 replied:

No, it’s very particular to students with visual impairment, it’s a very useful
technology, | mean if you have a low-vision student they can take pictures of things
on the board and enlarge it. They can take pictures of materials in their book and
there’s software now that you can take pictures of a math page and enlarge it and
actually work on it in an app in the iPad. There’s typing programs if the font isn’t
very big you can make a black background with white lettering. There’s just a lot of

amazing apps and iPad is portable.

P1 echoed this and noted how her low-vision students repurposed the iPad, a mainstream

device, to take the place of physical magnifiers (and the old-fashioned practice of note-taking):

High schoolers are really big on that, you know they will be in a math class, they will
walk up to a white board and take a picture and they won’t have to take notes. Yeah,
they love it. and they will do it to read too, like they will take a picture of a worksheet

and then zoom in on it. It’s really cool. iPads are life changing.

Both P5 and P6 noted that the portability of the iPads and iPhones made it useful both to
replace video magnifiers and to help with orientation and mobility training. P5 said it was useful
even for her elementary school students because they had to move around to different classrooms.
Because of the portable nature of the iPad, the TVIs found they were useful beyond the classroom
and would use them for mobility purposes as well. P6 mentioned that his students use travel
applications with point-by-point directions or applications that let them know about nearby stores

and intersections.
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Many of the teachers said that iPads are particularly useful for younger students or students
with additional disabilities, especially those with motor impairments. According to the APH,
students with multiple disabilities make up approximately 50-55% of students with visual
impairments [6]. P3 noted that the Switch Access (used by individuals with motor impairments to
operate the iPad with an adaptive switch, such as a large button or a “sip and puff” straw)[166] is
very good on the iPad and interfaces well with the VVoiceOver screen reader. Because of this, he
mainly uses the iPads with his students that have additional impairments. P5 and P6 explained that
many times younger children (elementary and preschool aged children) have exposure to mobile

touchscreen devices. P5 said:

These days even at the preschool level many of them have had exposure to
touchscreens: like tablets, iPads, their parents’ phone. I'm finding that a lot because
| do all the preschool check-ins for public school, so | see every single student that

comes in and most of them do have early exposure to those technologies.

P6 stated that they often start young children with iPads and then transition them to computers
when they learn to type: “A lot of times younger kids will start with iPads, we try to get them
typing pretty early too, so then once they kind of start typing then we can get them on computers.”
P2 noted one reason it can be easier for blind students to learn to use an iPad is because they have
do not have to learn the hundreds of key commands that they would have to on a laptop because

the iPad is gesture-based.

One of the challenges both the blind and their low-vision students encounter in learning to use
the touchscreens is how to explore the screen. The students with visual impairments have to
remember to explore the whole screen with the magnification turned on. In the words of P1, “they

either zoom with the pinch and enlarge or they actually set in settings to make it large all the time
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and then of course they have to swipe back and forth and up and down all the time to see the big
picture.” For students who are blind, the TVIs teach specific search strategies to ensure they
explore everything on the screen. For example, P1 teaches a search pattern where they move
systematically move back and forth across the screen starting in the top left corner. She said that
“without a doubt in my mind, they are using their visual cortex... they know that certain apps are
down there on the bottom, they know where the apps are, and they have a visual mental map for

sure.” However, even with this mental model, she noted there are still challenges for the students:

The problem is that it’s so easy for, especially for a totally blind person, to get
disoriented when you are just in space... | can use my eyes and go straight to the
app. The minute I close my eyes, | start to go like this <veering downward> and I

don’t know that I'm doing it... I think I am going across, but I'm veering. -P1

The TVIs mentioned a few other challenges for using the iPad. Some children have difficulty
performing the VoiceOver gestures (double tap to select or twist to engage the rotor). There are
also usability problems (e.g. certain features that move focus, like the spellcheck or find, do not

work well with screen readers).

3.3.1.3 Matching the Technology of their Peers

The teachers teach their students a similar set of technologies regardless of whether they are at a
residential school for the blind or a mainstream school; however, they do try to match the
technology of the school district when possible. In P1’s school district, this means the students use
Chromebooks at the elementary and middle school level and then iPads for high school. However,
she noted that because of accessibility problems with integrating Braille displays and ChromeVox

(the screen reader for Chromebooks) her blind elementary school-aged students are using iPads
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instead. At the residential school for the blind, P2 and P4 teach at, the middle schoolers receive
iPads and Bluetooth keyboards and the high schoolers receive PC laptops. However, P2 notes that

they tweak what technology is available to students to match their personal needs:

Many of the students have BrailleNotes or other Braille note taking devices. Those
decisions little tweaks and twerks are decided by the technology team. Some of our
high schoolers have iPads, some of our 8th graders end up with a laptop, it just kind

of depends on what they re using it for and what will fit the best.

Two of the TVIs (P1, P6) mentioned that matching the technology of the other students in the
class makes it easier for students with visual impairments to collaborate with their peers. P1
described a situation in which a blind child could collaborate with a sighted peer or teacher while

using an iPad or a computer:

Everything is right there on the screen and so a sighted person just reads the screen
and the blind person reads the Braille display.... /t’s really nice for teachers too
because they can see the kids work as they work. Yeah and the same thing with a
MacBook Pro. The other kids can use the keyboard to answer stuff and the blind kids
can use either the keyboard or the Braille display. What a difference from years ago

you know, it’s much easier.

P6 echoed the idea that having students using the same technology makes it easier for them to
collaborate and noted that they usually will “train” the sighted student, so they have some

familiarity with the assistive technology.
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3.3.1.4 Other Factors in Selecting Technology for a Student

In determining what technology a student should use, P4, who determines the technology needs of
students at a residential school for the blind, follows a set framework: “you consider the student,

the environment, the task and then finally the tool that you’re going to use.” For example:

Let’s say we have a student who will, let’s start with a Braille student first, they re
still learning the Braille code, then a device like a Braille Note would be extremely
helpful for them because they would be practicing the reading and writing of Braille
all throughout the day....So it would make sense for them to be on a device like that

versus having them learn keyboarding and a laptop. -P4

She elaborated on how the environment affects the choice of tool, and that they might chose
different tools to support a student in a school environment versus a work environment or for
learning orientation and mobility. P2 mentioned that different classes help reinforce different
skills. For example, students are more likely to practice typing in English and social studies classes

where they have to type essays as opposed to math classes.

Cost was cited as a concern by four of the TVIs, although the concern level varied based on
what type of school they taught at. P4 explained that cost was less of an issue at the residential
school: “we are lucky here we do get the tools and stuff the students need usually, and so financial
stuff isn’t an issue.” P2 concurred “if we can hand it to them it’s no longer a financial
barrier...if...they learn to use it and they can prove they need it for future times, blind services will
buy it for them.” However, P2 noted that she advocates for her students to learn a laptop and
refreshable Braille display instead of the all-in-one notetakers (e.g. BrailleNote) because the
notetakers are so expensive and would be challenging to replace, even if they originally receive

one for free. In terms of software, both P1 and P6 noted that they preferred teaching their students
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to use the free or built-in screen readers (e.g. NVDA and VoiceOver) to JAWS because of the

expense.

The TVIs mentioned a number of other factors that they consider when selecting technology:
the student’s academic ability, vision and personal preferences. As might be expected, students
who are blind generally require more technology and training than students with low-vision.
Students with higher academic ability are under more pressure to keep up with the general
education curriculum, and so there is more pressure to ensure they have access to all the best
assistive technology. The TVIs also keep in mind personal preferences of the students when
selecting technology. These range from an aversion to synthesized speech to a strong desire to use
only familiar technology. P5 noted the importance of considering a whole student when picking

out their technology:

I really try to meet people where they re at, you know, and like I try to figure out,
like ... what is doable...because she spent the last three years learning voiceover on

the iPad and she doesn’t ever use it, so I'm not going to do that with her.

3.3.1.5 Technology Skills and Experience

The TVIs in my interviews thought that often their students do not have as much exposure to
technology as their sighted peers. When asked about what kind of experience her students had with

technology, P2 said:

If they re a young middle schooler, which is when we get a lot of our kids, not as
much technology as your average middle schooler. Most of our average middle

schoolers out there have a cell phone, have an iPad, have a, have a, have a, | would
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say 50% of our kids dont... so learning how to navigate any of that is taught as like

a new skill in middle school.

Three of the TVIs (P2, P4, P5) highlighted learning typing as one skill that is both especially
important and challenging to teach students with visual impairments. P2 said “This year we had a
big group of 6th graders and none of them knew how to type. You could give them a number pad
and they can’t dial home.” She further noted, “they have been really resistant to learning to type
they just want to dictate everything or ask Siri everything.” P5 said that it’s very important for her
students to learn to type as often students with low-vision have bad handwriting, so she starts
teaching them to type as early as possible. Both P2 and P4 noted that traditional typing programs

are not accessible, and while accessible versions exist, they tend to be less engaging and fun.

3.3.2  Technology Reinforces Disability Identity

In my interviews, a common theme that arose is the relationship between the technology the
students are using and their disability identity. While for some students this is a positive
relationship (I can do something others cannot, and I am proud of it), for many of the students the
relationship is negative. These associations between the technology and disability identity can be
both external and internal. For some students, the external perceptions are the largest factor in their
acceptance or rejection of technology. They do not want other students to perceive them as being
different, having a disability. For other students, the internal perceptions are the largest factor in
acceptance or rejection of the technology. These students do not perceive themselves as having a

disability and therefore do not need the assistive technology.
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3.3.2.1 External Disability Identity

For many students, the resistance to using assistive technology comes from managing other
students’ perceptions of their disability. They do not want other students to notice their disability.
P6 noted, “I mean a lot of kids who are afraid to stick out especially like in middle school and
stuff, you know, and they start not wanting to use their devices and everything because they don’t
want to stick out with different everything.” P1 thought that this is particularly true for students
with low-vision: “Especially kids with quite high acuities, relatively high vision acuity and their
vision is stable, nothing is getting worse, those kids for sure they like to pass.”

Because these students do not want technology that will draw attention to their disability, they
will resist using technology that is different from other students. When given the choice for
magnification, many students will select the built-in technology that is used by both visually
impaired and sighted students over technology that would be specific to someone with a visual
impairment. For the iPad, this means that students are less resistant to pinch-to-zoom over using

the magnifier box:

Oh, everybody’s doing it [using pinch to zoom] all the time. And that and you know
they can see their sighted peers doing it too and then it’s just no big deal. Whereas if
you 've got that magnified box, you're going to stand out. Partially sighted kids tend

to be quite guarded about their peers knowing. -P1

For technologies that do not have an unobtrusive option for the student to use, they may choose
to just go without access. For instance, there is a technology that allows a teacher’s screen to be
transmitted to the student’s iPad so that they can see it more easily. However, P1 often found that
the students would not use the technology: “They would rather not see and just imagine.” In order

for this software to work, the teacher must explicitly invoke it. If the teacher forgets to turn it on,
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then the student has to ask for it to be turned on, thereby drawing additional attention to their

disability, which may be why they choose to go without.

The resistance to technology is not just limited to assistive technology. Mainstream

technology can still make students stand out to their peers if they are the only one using it:

I mean I've had students who don'’t like to use iPads because they are the only one
that has an iPad, you know. I think if all the kids are using something then they just
have an accessibility feature going on, they don’t mind that as much. But, as soon as
it’s something that only they re using, a lot of times they don 't like that. So, like |
said, if a kid is the only one that has an iPad that kid won'’t want to use it because

like I said, they don’t want to stick out. - P6

3.3.2.2 Internal Disability Identity
While some students are resistant to use technology due to perceptions of others, some students
are also resistant as the technology they are provided does not match their internal disability
identity. Many technologies are associated by the students with specific levels of vision
impairment. P4 stated: “With JAWS I think there’s some people that think it’s so hard to use and
that they don’t have the experience with it, and they also know that the people who use JAWS
don’t have vision or very usable vision and they don’t want to perceive themselves that way.”
When students do not believe that their visual condition matches the technology they are being
taught, they are resistant to learning it as they don’t believe they need that technology.

For students that have a degenerative condition, this can be particularly important as they

technologies they are learning will likely not match their current level of vision. Many TVIs will
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begin teaching the students the technology the students will need as their condition worsens before

they reach the state that they need it. However, this can be very hard on the student:

|¢’s just the emotional, mental, I mean they 're young and it’s hard to grasp that their
vision will be getting worse and there’s the denial, there’s you know, all that kind of
stuff that goes with it. If you say JAWS, the students here know, they know who the

JAWS users are and right now they know how different they are from the JAWS users

in terms of their vision. -P4

If they are in denial about their vision worsening, then they will not be open to learning the

technologies that are not currently needed but will be needed in the future and take time to learn.
The association of technology with disability identity is not always negative. There are some

students who are proud of the skills they have gained from the technology they use. They see that

they have unique skills that allow them to do things that other students cannot do:

It’s interesting and those are usually my older students who have kind of come to
terms with it, they re finding some pride in their identity as, ‘Okay this is part of who
[ am and it’s not a bad thing, it makes me unique, I can do something most other
people can’'t, yep, I can read in the dark.’ | am also a Girl Scout leader ... and we
went camping. ‘Alright lights off at midnight!” Okay, they all had Braille books, they

could read. - P2

3.3.2.3 TVI Framing of Technology
Due to the issues related to the associations between technology and disability identity discussed
above, | found that the TVIs will often frame their introduction of the technology or skills to

combat some of the negative associations.
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For instance, when teaching a student who uses magnification software the keyboard
commands for actions such as closing an application, one TVI mentioned trying to link the less
common keyboard commands with those that are commonly used by many people (e.g. the copy

and paste keyboard command):

So, I'll say to the kids hey you know, a lot of the fully sighted kids would just love to
know these commands and they’ll wonder you know, if you start using these really
fluently, they 're going to think you are super cool. How did you do that, you did that
so fast, right. ... Yeah so, | try to get value from them on that score. It’s just faster

and easier and your peers will love it because you will be fast. -P1

Since some students have been resistant to learning these skills, potentially due to their
impressions that they are only used by someone who has a disability, the TV has framed the skills

as mainstream technology skills, instead of assistive technology specific skills.

Other TVIs have run into issues with students who have degenerative vision condition that
will get worse. They associate certain assistive technologies with different levels of vision. This
can be an issue when the TV1 is trying to introduce the technology that they will need when their
vision worsens. Many technologies are associated with specific levels of vision, so some students
are resistant to technology which doesn’t match their current vision level, even if they will need it
in the future. As students do have these associations between certain technologies and vision
levels, some TVIs will focus avoid mentioning JAWS, while still ensuring they learn the skills

they will need to use it in the future:

I haven 't talked to them about ZoomText, haven 't talked to them about JAWS, have

just gone directly to Fusion, because right now it’s the magnification they need. SO,
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voice is there too, and they 're learning all the JAWS stuff without even knowing that
that’s what they 're kind of learning ... JAWS is the screen reader that runs Fusion so
they 're learning all the JAWS commands and they don’t kind of even know it, which
is kind of a good thing because they oftentimes have a hard time with this transition.

-P4

By using a technology like Fusion, which combines ZoomText and JAWS into a single
product, the TVIs are avoiding the resistance to JAWS. Fusion blends the magnification software
and the screen reader, which means it does not have the same associations with only being needed

by students with a certain level of vision like JAWS does.

3.3.3 Challenges in Learning Assistive technology

Another theme that came up repeatedly in my interviews was that the assistive technology was
challenging to learn and that coming up with motivating examples to get the students to learn was
an important part of the teachers’ jobs. | found that the technology was hard to learn both because
it introduced extra layers to learn on top of whatever content the student was trying to access and

because a lot of the technology was buggy or not user-friendly.

3.3.3.1 Learning Extra Layers
Both P1 and P2 repeatedly emphasized that their students had to take additional steps and learn
additional skills in order to access the same materials as sighted children. In describing one student,

P1 pointed out:

He had to learn how to keyboard, he had to learn how to listen, and he had to learn

how to separate what I call everybody commands, you know standard keyboard



56

commands like command-q for quit, command-w for closing a window...so

separating the everybody commands from VoiceOver commands.

She noted that her blind students have to learn how to listen to their screen readers and still
participate in group work or listen to their teachers. P2 noted that it was hard to learn many

academic skills and even harder to learn them in conjunction with assistive technology:

| use MathType that translates into LaTeX that will then emboss (it) with so much
less work on my end, but it’s teaching them yet another code to be able to do their
math.... It’s just one more layer to learn before you can learn, it’s just one more

thing that slows our kids down, just one more step.

Any of her students who use Braille would also have to learn a typesetting language (such as
LaTeX) if they wanted to write math equations that a non-Braille reader could understand. While

this could be a useful skill to have, it also can be a barrier when they are just trying to learn math.

3.3.3.2 Usability Problems and Bugs
All of the TVIs mentioned encountering usability problems and bugs with the assistive technology.
These challenges included curricular materials that could not be accessed with the assistive
technology: web-based programs that were missing alternative text or labels, or testing materials
that did not allow for magnification.

Some of the problems were bugs or usability issues with the assistive technology itself. P1

mentioned usability problems with the combination of Chromebooks and ChromeVox:

Last year district tech, a nice person, announced that she was going to help me

achieve accessibility (on Chromebooks) and I said, “I would love your support” and
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we worked for three hours and just couldn’t get in. It’s just we’d get you know 85%

there and then roadblock. Horrible.

P1 developed strategies to shield her students from some of the worst of the usability
problems. When describing why she had not obtained a BrailleNote Touch for one of her students,

she said:

We know it’s going to be buggy, so give it two years and then cause I’'m not going to
take a fourth grader and make him alpha test. It’d be different if he was an adult, but

no, I'm not going to do that to him.... I just want him to have confidence.

She noted that the usability problems were particularly problematic for children:

With a little fourth grader, entering fourth grade, you can imagine, | just want him to
have confidence.... /When] they can’t navigate, it’s depressing for them, they can’t
count on it. It’s hard for us as teachers 100 to say, ‘Hey this is going to work and

then it doesn’t.’

3.3.3.3 Little Support for Independent Exploration

In part because of the usability and social issues, many of the teachers thought that the assistive
technologies (especially for the high need students) do not support independent exploration very
well and are not easy to learn without additional support. When asked if the students were likely
to use the technology on their own, P5 replied, “It’s not going to happen because it’s just, yeah, I
don’t see it. | just think about all my students, like my Gen. Ed. students..., It’s just not going to
happen, they don’t do it.” P4 thought that a recent policy change at her school in which students

were given iPads before receiving any formal training meant that they often learned “bad habits”
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or shortcuts which meant they were more resistant or had trouble learning the more efficient

accessibility features:

They 're not perhaps learning the most efficient and effective ways to do
things...Particularly for the iPad with Siri, they just rely on Siri to do most
things....(They use) the on-screen keyboard instead of the Bluetooth keyboard, which
is impacting their typing skills because they re most often using just their one hand
and one finger to find the different keys ...So that’s definitely the downside to just
having the students have it and they learn on their own and explore on their own. In
some ways that’s great it’s student generated, but they re kind of getting set in some

of those ways too.

3.3.3.4 Technology Support
One of the factors that can impact a student’s success in learning different technologies, is the level
of support they receive. P5 notes that if the student doesn’t have support in learning the
technologies, “it’s just not going to happen.” This support comes primarily from the TVIs but can
also come from the students’ other teachers or their parents.

The primary support comes from the TVIs, who may have to learn the technology

independently. P2 said about learning AT:

|#’s not something you learn in a TVI program, ... you don’t really get like a TVI
degree in AT, it’s not a thing.... It’s a little splattering but it’s the school you went to,
did they have things for you to play with? Did they actually teach you how to use it
or did they just say, ‘Hey these are things that are available’? It depends on where

you went to college how much AT training you got.
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Many of the TVIs | talked to were constantly working to stay up-to-date on the technology.
Many manufacturers are willing to come train people on the technology as they hope to sell it, but

most of the TVIs learn about the technology independently or from colleagues:

We are a department that’s very passionate. People are constantly going to
conferences, constantly reading things, constantly educating themselves and so |
think that’s how a lot of things happen: where we have an issue and then someone
reads a blog and then suddenly, we also communicate a lot and so some of them will
bring like a technology solution on to the team and then five of us will have students

that can benefit from that.” -P5

Gaining this knowledge can be challenging for the TVIs as they have many things they need

to stay up to date on beyond just the technology. P2 noted that one challenge is:

Time to do everything because I'm also staying up on my standards. I'm doing new
programming languages every time people turn around. So, there’s that aspect and
then there’s Special Ed. law you have to stay up on and oh they re going to make us
learn how to administer this kind of state test and oh there’s so many aspects of

staying up-to-date as a teacher.

While the TVIs are an excellent support for the students who are learning these technologies,
they have limited time with the students. Because of this, P5 said that he also tries to work with

the students’ other teachers:

| also try to communicate with teachers ... like this is a student’s needs and that kind
of helps sometimes getting them more support on-site, because | just go and see her

30 minutes a week...Really integrating technology into our students lives can
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sometimes be really challenging especially when we don’t have someone from our

department on-site.

Many of these students’ teachers are not familiar with the technology, so they cannot provide
support a student needs without additional training themselves.

This is also true for parents. Many times, the parents are not familiar with what technology is
best for the students. The level of support that parents are able to provide can vary. When talking
with a TVI who worked at a residential school for the blind (P4), she mentioned that the parent’s
involvement with the technology is minimal. Most often, the impact she sees from the parents is
when they purchase technology for the students: “Unfortunately often times they just buy stuff for
their child, and it’s like, ‘Oh I wouldn’t have bought that, they might have bought an Android

tablet when it might have been better to have bought an iPad.””

The TVIs who work with students in mainstream schools have more involvement with the

parents than those at the residential schools. P1 noted:

I will do trainings for the parents, like come in during the school day, and we Il have
your kid sitting here and he’ll show you what he knows, and you can ask questions
and I’ll help answer them. But again, for some of them it’s a really steep learning
curve. | do have expectations that they will support their child, but my expectations

are not always met.

P5 said that while she tries to keep the families informed with what technology the student is
learning and will often send technology home, she doesn’t push the parents to work on specific

skills with their children unless they specifically ask for that.
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3.3.3.5 Lack of Motivation

P2 and P4 both mentioned that it could be hard to motivate students to learn some of the technical
skills such as typing either because the students did not see how the skill would be useful for them
or because there were not accessible and fun programs to teach it. However, the teachers explained
that if the students were properly motivated they picked up the technology much more quickly,
and a lot of this motivation comes from interacting with the same pieces of popular culture that

their sighted peers are interacting with (e.g. Facebook or YouTube). P2 said,

So, we re just teaching some kids iPads. They re all obsessed with YouTube.
Fabulous, go find a YouTube video that you think | want to watch and learn how to
share it and email it to me. I had guys jumping into blue Jell-O, I had kittens, | had
puppies, I had religious music, I had ... like yeah okay, this is a middle school class.
This is what | was teaching in a middle school class. You know, and when we have

those moments it’s so cool because so much of their lives isn’t normal.

3.4  DiscussION

The teenage and childhood years are a formative time, when individuals are learning who they are.
It is important to design technology that both allows students to have access to educational
information, but also does not make them feel uncomfortable or bring emotional distress when
they use it. Children with visual impairments often have to learn an extra layer of technology in
order to interact with digital material. It is important to make this extra layer as easy to use and
easy to learn as possible, so they can focus on learning educational content. Based on this, | discuss

some of the limitations of current assistive technology and opportunities for design below.
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34.1 Design for Mainstream Technology
In agreement with previous work [114], | found that technology reinforces disability identity. This
could be positive, as some students relished having skills and using technology that their sighted
peers could not use. It could also be negative, as many students felt using different technology
made them stand out or made them confront their own disability. Interestingly, | found that
teachers would frame their introduction to the technology to combat some of the negative
associations. I do not believe this has been reported on in previous work. In general, mainstream
technology such as iPads seemed to have less strong identity associations and perhaps less stigma.
| believe that designing mainstream technology so that it can support individuals with a wide range
of vision and making accessibility features on technology unobtrusive is especially important for
children and teenagers, who might not yet be comfortable with their disability and are still forming

their identity.

3.4.2  Increase Support for Independent Exploration

| found that many of the technologies and the accessibility features were not very easy to learn and
the students required a lot of support from parents and teachers in order to successfully learn to
use them. When the students did learn to use technologies such as the iPad on their own, they often
learned inefficient ways of doing things. While Szpiro et al. found this was important for adults
with visual impairments, [125] | think there are design opportunities around making the features
more discoverable and easier to learn for children. Teachers also noted that it is hard to motivate
students to learn some skills (e.g. typing) that they need in order to fully access the technology, in
part because there are few fun, accessible games to teach these skills. This indicates a need for

technology that is learnable, as well as a need for fun and motivating ways to teach it.
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343 Design Technology that Supports Students with Progressive Vision Loss

Teachers were enthusiastic about technology such as the Fusion software, which combines the
JAWS screen reader with the ZoomText magnification software and can be used by individuals
with low-vision as well as those who are blind. The teachers noted that this software was especially
useful when working with students whose vision was worsening over time. Oftentimes, the
students had a great deal of emotional stress associated with the vision loss. Having the students
learn software that would work for them as their vision change is easier for them both emotionally
(as they do not have to deal with the emotional ramifications of switching to a tool for a “blind”
person) and cognitively (as they do not have to learn two separate pieces of technology). | believe
that designing technologies to support individuals, and especially children, with progressive vision
loss is an under-researched area that deserves more consideration. As far as | know, this has not

been reported on in the HCI literature.

3.5 LIMITATIONS

All of the teachers that | interviewed were based in one state and their experiences may not broadly
represent teachers’ experiences elsewhere. My sample size for the interviews was small and
because we were referred to and recruited teachers with special knowledge of assistive technology,
their students likely have a higher dependence on technology. | learned about the technology
experiences of these children indirectly through their teachers; an interesting next step would be
to conduct interviews with the children themselves and observe how they are currently using
technology. Additionally, as | specifically asked about barriers and touchscreen mobile devices,

my results have a high emphasis on those topics.
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3.6 SUMMARY

| conducted interviews with six TVIs to determine how children with visual impairments are using
technology in educational settings and how teachers are training them on these technologies. |
found that teachers are training their students on a wide variety of both mainstream (e.g. iPads and
computers) and assistive technologies (e.g. low-vision magnifiers and screen readers). The
teachers keep a number of factors in mind when choosing technology for their students. They (1)
try to match the technology of the rest of the students in the school, (2) choose technology that fits
the individual student (based on visual ability, academic ability, vision and personal preference),
and (3) choose technology that fits the tasks and environments the students need it for. The teachers
report that many of their students had less exposure to technology than their sighted peers and
often had challenges learning some of the skills (like typing) needed to access these technologies.

All of the teachers used touchscreen mobile devices (mainly iPads) with certain students.
Different teachers noted that they used them specifically with low-vision students, younger
students or students with additional impairments. The students use the iPads in many different
ways: in place of stand-alone video magnifiers, for information about the surrounding environment

for orientation and mobility, or simply as computers.

| found that students face many challenges in trying to use the technologies. They have to
learn an extra layer in order to access the same material as their sighted peers and often the
technologies have usability problems and bugs. Based on these challenges, | discussed the
limitations of current technologies and describe three areas of design opportunities: (1) designing
for mainstream technologies, (2) increasing support for independent exploration of these

technologies and (3) designing technology that supports students with progressive vision loss.
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Chapter 4. BRAILLEPLAY GAMES

As discussed in the related work and previous chapter, mobile devices became increasingly
popular among people with visual impairments with the release of screen readers for both Android
and Apple mobile devices in 2009. However, because of the flat screen of these devices, it is
impossible to read or write Braille characters without an external Braille display. Additionally, in
2014, at the time that the research in this chapter was done, | could find no Braille games for the
smartphone that were accessible for children with visual impairments. Because of this, in this
chapter, | seek to answer Q4: How can we use a touchscreen device to create engaging games that
children with visual impairments can use to practice reading and writing Braille characters?
The 2014 ASSETS paper [90] on this work has been cited by a number of other papers on
creating accessible educational games [63,70,109,128,140], including a set of Braille-based games
using a similar interface called “GBraille” [11] and work on collaborative programming
environments, which took heed of the design recommendation to design for both children with and
without visual impairments. The work in this chapter was done in collaboration with Cynthia L.
Bennett, Shiri Azenkot, Richard E. Ladner and is based on work previously published at ASSETS

2013 [88] and 2014 [90].

4.1 INTRODUCTION

In this chapter, | present BraillePlay, a suite of educational smartphone games for blind children.
In creating these games, my goal was to design games that (1) were accessible and engaging to
blind children and (2) promoted Braille concepts. | focused on Braille because in recent years there
has been a sharp decline in Braille literacy. According to the National Federation of the Blind,

only 10 percent of blind children in the US are learning Braille despite the fact that Braille literacy
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has been strongly linked with a higher education level, a better chance of employment, and a higher
income for blind adults [93]. | designed the games for children who are 5 years old or older, so

they can learn Braille concepts at the same age that their sighted peers are learning to read.

Word

Trials Left

Guessed Letters

Enter Letter

Instructions

Figure 4.1. The VBraille interface for “reading” and “writing” Braille characters (left) and a menu from

the VBHangman game that is based on the word game Hangman (right).

The BraillePlay suite includes four applications that use the VBraille interface [54,88] through
which the user can identify (i.e., “read”) and enter (i.e., “write”) Braille characters (see Figure 4.1).
The BraillePlay games are intended to help children learn and memorize Braille character
encodings, which is a critical aspect of learning how to read Braille. Two of the games simulate
Braille flashcards, testing children’s ability to identify and enter characters while the other two
incorporate the VBraille interface into word games. The games have speech output with high-
contrast but minimal graphics, large print, and gestures that follow accessible design guidelines

[57,60].

To evaluate the games, | conducted a longitudinal study in the wild with eight blind children

(ages 5 — 8). I asked participants to play instrumented versions of the games at least four times a
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week for four weeks. Throughout the study, | surveyed and interviewed participants and their
parents. | found that most participants were able to play the games independently with minimal
training. Several of the children found the games enjoyable and were motivated to play them for
long periods of time, and several of the parents felt that the games helped their children learn

Braille.
In summary, my contributions include:

e The BraillePlay games, a set of iOS and Android applications, the code for which is
available in an online repository?,
e Empirical findings from a longitudinal study that show how children interacted with the
games,
e Design implications for accessible smartphone games for children, and
e A discussion of lessons learned that provide guidance for researchers interested in
conducting studies with children in the wild.
The work in this chapter supports the third claim of my thesis: to improve access to learning
technologies on these devices, we can design applications that (1) use the spatial information
afforded by the touchscreen to help children understand structural information such as the layout
of a Braille cell or the structure of program code, and (2) use the visual, haptic and audio feedback

of these devices to engage children and allow them to use these applications independently.

4.2 RELATED WORK

To the best of my knowledge, BraillePlay games are the first educational smartphone games

designed specifically for blind children. In addition to the work on educational touchscreen

2https://code.google.com/p/mobileaccessibility/
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applications described in Chapter 2, my work draws from prior work on representing Braille on

smartphones and educational games for sighted children.

4.2.1  Representing Braille on Smartphones

Since BraillePlay teaches Braille concepts, | discuss several approaches to representing Braille on
smartphones. People commonly read Braille on specialized devices called Braille displays [5] that
display a row of characters at once. However, Braille displays cost hundreds or thousands of
dollars.

BraillePlay games use Jayant et al.’s VBraille [54], a method of reading Braille characters on
a smartphone. VBraille displays one character on the screen at a time. The screen is divided into
three rows and two columns like a Braille cell and the phone vibrates when the user touches regions
that correspond to the raised dots in the current character. Jayant et al. argue that VVBraille can be
a useful output method for deaf-blind mobile device users, since VBraille only provides haptic
feedback. When using VBraille in the games, | added speech output that tells the user which dot
she is touching. | also created a VBraille interface for entering characters, where the user double
taps regions of the screen to raise the corresponding dots. Al-Qudabh et al. [4] also present a method
where characters are output through haptic feedback only. They use a vibration pattern for each

character that is based on its Braille representation.

There has also been much work on Braille-based methods for input on a smartphone.
BrailleTouch [39], BrailleSketch [73], Perkinput [17], and TypelnBraille [80] use multi-touch
input to enter characters, and these touchscreen Braille input methods have even been incorporated
into the BrailleNote Touch Notetaker [149]. BrailleSketch [73], which allows a user to input a
Braille character by sketching a Braille character using a gesture that goes through all the dots

included in the character. These methods are likely to be difficult for young children who are not
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as coordinated or dexterous as adults. BrailleType [97] is similar to the VBraille input method |
use in BraillePlay. Unlike VBraille, BrailleType users single tap the regions of the screen to raise
dots. BrailleType is likely to be faster than VBraille but also more error-prone, especially for
children who are learning Braille. Since this work has been published, a set of mobile phone games
using an interface called GBraille, which also uses the spatial layout of the touchscreen to represent
Braille characters, was also created and evaluated in a study with children with visual impairments

[11].

422 Educational Games

There is a body of literature enumerating the potential benefits of using digital games for education
[31,36,79]. Games can be valuable learning tools because they are engaging and motivate users to
improve their gameplay skills. However, it is difficult to isolate the learning effects of games, and
there is little direct evidence in the literature that games teach certain concepts [36], and results
have been mixed in studies measuring the empirical evidence of learning using educational games
[50,74].

There has been a great deal of research on the use of smartphones for education by sighted
children. In a study by PBS and Joan Ganz Cooney Center, they found that preschool and
kindergarten children in the United States both have access to and are adept at using smartphones
[167]. After evaluating an educational application for teaching literacy skills, they recommend
designing to match developing motor skills and avoiding timing-reliant gestures such as tap and
hold. In a gesture elicitation study, Rust et al. [111] found that children generated similar
“standard” gestures to adults, but that they used fewer symbolic (e.g. drawing the letter “A”)
gestures. In designing the BraillePlay games, | attempted to adhere to these guidelines and keep

the gestures as simple as possible.



70

There are few educational games designed for people with visual impairments. Song et al.
[120] developed two audio-based learning games on TeacherMate, an inexpensive mobile device
designed for people in developing countries. They found that children enjoyed playing their games
individually and in groups, working together on challenging parts of the game. Sanchez et al. [113]
also developed an accessible game on a custom hardware platform called MOVA3D, which
teaches children orientation and mobility skills. Although there have been a few studies on mobile
games for children with visual impairments [11,64], | found no guidelines about gestures preferred

by children with visual impairments.

4.3 BRAILLEPLAY GAMES

4.3.1  Design Principles

| designed the BraillePlay games to be (1) educational, (2) accessible, (3) accommodate a variety

of skill levels, and (4) available for mainstream devices.

4.3.1.1 Educational

| created games to promote Braille literacy, which is in rapid decline despite the fact that it is
important for success in both school and the workplace [93]. Early exposure to Braille concepts is
crucial for blind children [98]. Just like their sighted peers, blind children must begin learning
reading and writing concepts in preschool, and there are a variety of games and avenues to aid
with this. To read Braille, children must both know the Braille dot patterns and be able to discern
these dot patterns tactilely. Because it can be difficult and frustrating for children to discern the
patterns using the small standard Braille cell, the Braille alphabet is often taught using over-sized

stand-ins including plastic eggs in egg cartons and tennis balls in muffin tins [98].
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The VBraille interface differs from standard Braille in two ways: it is much larger, and it uses
vibration instead of raised bumps to represent the characters. Because of these differences, it
cannot help children develop the tactile sensitivity needed to read a standard Braille cell. However,
VBraille can help children learn Braille encodings, a critical component of learning how to read.
Teachers already use large representations of Braille characters that they make out of egg cartons

and muffin tins.

Figure 4.2. A two-finger swipe to the right allows users to submit a character entered in VBWriter or

move to the letter input screen in VBReader.
4.3.1.2 Accessible

To be accessible, the games had to be (1) age appropriate for children aged 5 years old and older
and (2) accessible for people who are sighted, low-vision, and blind.

To accommodate the developing motor skills of young children, 1 used simple gestures such
as single and double taps and swipes (Figure 4.2). When possible, | gave users the ability to use
either the smartphone’s keypad or a touchscreen gesture to complete an action. For example, users
can either double tap on the touchscreen or use numbers 1-6 on the keypad to raise or lower dots
in VBWriter. | chose a large representation of Braille so that young children could easily

distinguish between dots in nearby rows or columns. I also used a representation that has the same
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spatial layout as a Braille cell, as opposed to a purely temporal representation like the one
developed by Al-Qudah et al. [4], making it easier for young children to make the connection to
Braille characters. Additionally, the BraillePlay games do not rely on timing. Instead they are self-

paced, and children can hear information about the state of the game as many times as they want.

To ensure the games were accessible for people with all levels of vision, I used high contrast
and large fonts as well as audio and haptic feedback. I also relied on simple gestures and
VoiceOver-like interaction techniques with menus (single tap to hear an option and double tap to

select it) in line with earlier accessibility work [57,60].

4.3.1.3 Accommodate Different Skill Levels

| wanted to design games that worked for children 5 years old and older and accommodated
varying levels of Braille, vocabulary, and spelling skills. I thus created simple flashcard games
(VBReader and VBWriter) for people just learning Grade 1 Braille characters, and more complex
word games (VBHangman and VBGhost), which require a larger vocabulary and spelling ability.
| hoped that children would begin using VBReader and VBWriter and be motivated to “graduate”

to the more complex word games.

4.3.1.4 Available on Mainstream Devices

Finally, I wanted to design games that could be played using a mainstream device instead of
specialized assistive technology. As smartphones become increasingly pervasive in our culture,
the ability to use a smartphone is, in itself, a crucial skill. It is therefore important that blind

children gain exposure and experience using smartphones just like their sighted peers.
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4.3.2 Description of Games
| designed four BraillePlay games: VBReader, VBWriter, VBHangman and VBGhost. In the year
(August 2013-August 2014) that the Android and iOS versions of the games were available in the
Google Play store and the Apple App Store, there were 1946 downloads of the Android games and
4,471 downloads of the iOS games. There are minor differences between the two platforms, and
in this paper, | describe the Android versions, since those were the games used in the longitudinal

study. See Appendix D for more details on the games and gameplay.

43.2.1 VBReader

VBReader is a simple flashcard game in which a user identifies VBraille characters. A VBraille
character is presented on the screen. When the user determines which character is presented, she
uses a two-finger swipe to the right (Figure 4.2) or presses the trackball to load the character entry
screen. Using the menu button, the user can choose between three options to enter a character: (1)
a Qwerty keyboard, which presents a Qwerty keyboard in landscape orientation, which can be
navigated with a VVoiceOver-like gestures, (2) a two-column alphabetical keyboard, navigated in
the same way, or (3) a tapping progression through the alphabet, in which a user can cycle through
the alphabet with a single tap to move to the next letter and a double tap to select a letter. After the
user selects a letter, the application tells the user whether the input was correct or not and presents
anew VBraille letter. If the user exits the application, VBReader tells the user how many characters

were identified correctly out of the total number: “You entered 5 out of 10 characters correctly!”

43.2.2 VBWriter

VVBWriter is another simple flashcard game in which a single character is spoken aloud (“Enter A

as in Alpha”), and the user must input that character using the VBraille interface. The user can
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press the menu button to hear the letter again. After raising the desired dots in the VBraille screen,
the user can submit the character with a two-finger swipe to the right or a tap on the trackball. If
the character was entered correctly, the application congratulates the user and presents anther
character. If the letter was not entered correctly, the application tells the user what letter was
entered and displays the correct letter on the VBraille interface. When the user exits the game,

VBWriter announces the number of correctly entered characters out of the total number attempted.

4.3.23 VBHangman
VBHangman is based on the word game Hangman. In Hangman, the user must determine what a
word is, given the length of the word and a limited number of guesses as to which letters are in the
word. With each guess, the user is told whether the letter is in the word, and, if it is, where the
letter is in the word. For example, if the word was “banana” and a user guessed the letter “A,” she
would be told “blank-A-blank-A-blank-A.” Hangman is typically played between two people.

In VBHangman, the user plays against the “computer.” At the start of a game, the user chooses
the length of the word she would like to play using a menu. The smartphone randomly selects a
word of that length, then displays the main menu (Figure 4.1). In the main menu, the user can
choose to hear (1) the word so far (“blank-A-blank-A-blank-A”), (2) the number of trials left (“You
have four trials left”), (3) the letters guessed so far (“Letters guessed: ‘A’ as in alpha, ‘C’ as in
Charlie”), or (4) the instructions for the game. The menu also includes an option to enter another
letter. The user enters letters through the VBraille interface and uses a two-finger swipe to the right
to submit her guess. She is given a chance to verify her guess: “You entered the letter ‘B’ as in
bravo, swipe right with two fingers if that is correct.” After each guess, the game will tell her if
the letter is in the word: “Good guess, ‘B’ is in the word. The word so far is ‘B-A-blank-A-blank-

A.” If the user successfully completes the word, the game will congratulate her and read the
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completed word aloud. If the user uses up all her guesses and does not correctly identify the word,

the game informs her that she has lost and tells her what the word was.

4.3.2.4 VBGhost

VBGhost [88] is a slightly more complicated game, based on the word game Ghost, in which users
take turns adding letters onto a word fragment. If a user adds a letter that spells out a complete
word then she loses (e.g., if the current word fragment is “gam,” the user will lose if she adds the
letter “e” because she will spell “game”). A user also loses if she adds a letter to the word fragment
that makes the word fragment invalid (e.g., if she adds the letter “z” to the word fragment “gam,”
“gamz” is no longer the start to any word).

In VBGhost, the user indicates whether she wants to play the game against the smartphone or
against a co-located friend. If she plays against the smartphone, the user is taken to the VBraille
screen where she can enter the first letter of the game. After entering a letter, the user swipes with
two fingers to the right, and the game tells her (1) if she entered a non-alphabetic character (she is
presented with a blank VBraille screen again), (2) if the letter creates an invalid word fragment or
completes a word: “Iam sorry, you lost, “gamz” is an invalid word fragment” (she is then presented
with the main menu screen), or (3) if the letter is a valid play. If the letter is a valid play (part of a
valid word fragment), the smartphone selects a letter to add to the word fragment (the smartphone
will sometimes complete a word and therefore lose at this point). If the smartphone loses the game
by completing a word, it informs the user of her victory and moves to the main menu screen.

Otherwise, the phone adds a letter to the word fragment.

In the multi-player mode, users pass the smartphone back and forth to enter letters. After one
user adds a letter to the word fragment, the other user can choose to (1) enter her own letter, (2)

listen to the word fragment so far or (3) challenge the previous letter entered by her opponent as
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either completing a word or creating an invalid word fragment. The smartphone checks whether
the challenge is correct and announces which user won based on the outcome of the challenge. |
chose to include a more complex, multi-player game in the suite of BraillePlay games to facilitate

collaborative learning.

4.4 EVALUATION

To evaluate BraillePlay, | conducted a longitudinal study with eight blind children and their parents
over a four-week period. Participants were recruited from across the United States and Panama. |
chose to perform a longitudinal study in the wild because | wanted to observe gameplay patterns

over time that reflected natural use. | conducted the study remotely because there are few blind

children locally that were willing to participate in the study.

| sought to answer three research questions:

e Are BraillePlay games accessible to blind children?

e Are BraillePlay games engaging for blind children?

e Are BraillePlay games effective teaching tools?

Table 4.3. Participants in BraillePlay Longitudinal Study

Degree of Braille
ID | Age | Gender Vision Knowledge Note
P1 6 F L'ghF Grade 1 -
perception
P2 6 F Low-vision Somg -
contractions
P3 5 F No fqn_ctlonal Some letters -
vision
P4 6 M No fgn-ctlonal Some letters Language delays
vision
P5 | 8 M Light Some ]
perception contractions
P6 7 = ngh'g Some letters English as a second
perception language
P7 7 F No fqn_ctlonal Some letters Cerebral palsy
vision
P8 6 M Low-vision Some letters Language and motor
delays
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44.1 Participants
| recruited eight sets of participants (children and parents) for this study from around the United
States and Panama (Table 4.3) through email lists related to raising and caring for blind children.
| required that the children (1) be between the ages of 5 and 13 and (2) they identify as either blind
or low-vision. The mean age of the child participants was 6 years old (age range was 5 to 8). There
was a wide range in the children’s knowledge of Braille, as some children were learning how to
read single letters, while others were learning Grade 2 contractions. Participants were compensated

with a $50 Amazon gift card.

442  Apparatus

| used five Android G1 phones with three games: VBReader, VBWriter and VBHangman (Figure
4.1). 1 did not include VBGhost because of the age range and literacy level of the participants:
most participants were learning individual letters and had not progressed yet to spelling words. |
included VBHangman for the participants with higher literacy skills, but the mechanics of
VBGhost seemed too complex for the participants. | installed two versions of each game: one for
the parent and one for the child, because | wanted to have one instrumented version that the
children played exclusively (“child version”) and one version that the parents could use to become
familiar with the games (“parent version”). The parent and child versions of the games were
identical, except that the child versions were instrumented, and the parent versions were labeled
as such (e.g., “Parent VBReader” vs. “VBReader”). Logged information from the child version
was sent to the researchers’ server when the phone was connected to the Internet and saved to a

log file on the phone otherwise.
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4.4.3 Procedure

Throughout the study, | conducted a preliminary survey, weekly semi-structured interviews, and a
final exit interview and survey with each set of participants (Appendices C-H). The preliminary
survey included questions about demographic information about the child along with information
about the child’s vision, siblings, and Braille knowledge. Each family was then sent an Android
phone as described above. | instructed the families to take a few days to become familiar with the
applications and the phones, using the parent version of the applications. After the orientation
period, I conducted 30-minute training sessions over a video-conferencing system with each family
to answer questions. The participants were then instructed to play the games for 30-minute sessions
four times a week for four consecutive weeks. | encouraged families to maintain a weekly average
of two hours of gameplay, but they were flexible in how they did this due to differing attention
spans and schedules. Because of the varying developmental stages and experience with Braille, |
did not define how much | wanted the participants to play each game, and, instead, hoped each
participant would play the games best suited to their ability and preference. At the end of the study,

| conducted a final set of 30-minute semi-structured interviews with the parents and children.

Time Spent Playing Each Game
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Figure 4.3. Time children spent playing VBHangman (VBH), VBReader (VBR) and VBWriter (VBW).
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4.4.4  Design and Analysis

| transcribed and coded the interviews and preliminary surveys. For the quantitative data, |
explored two measures: accuracy and time to enter each letter. For both VBReader and VBWriter,
accuracy for each letter was binary: either the user entered the letter correctly or not. To measure
the length of time to enter each letter, | measured the period of time between the time the letter
was presented to the user (either loaded onto the VBraille interface for VBReader or spoken aloud
in VBWriter) until the time the user double-swiped to submit a character in VBWriter or selected
an answer from the menu in VBReader. For analysis, | excluded extreme outliers.

Our analysis did not include entry times and accuracy measures from VBHangman. | could
not compute accuracy rates because there was no way to determine what letter the participant
intended to enter in VBHangman. | had no reliable measure of entry time because the time spent

in the character entry screen included the time spent thinking about what letter to enter.
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Figure 4.4. Gameplay patterns for VBReader (VBR). The left plot shows the average time to enter a letter

for and the right plot shows accuracy rates for participants over time. Accuracy rates and letter entry are
computed for every 30 minutes of gameplay. There is high variability and no trends.
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are computed for every 15 minutes of gameplay. There is high variability and no trends.
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45 FINDINGS

45.1  Gameplay Patterns

The children collectively played the games for 21 hours (Figure 4.3), in which they read over 360
letters in VBReader and entered over 598 letters in VBWriter. The total time a child spent playing
the games ranged from 37 minutes to 5 hours and 12 minutes (Figure 4.3).

Entry time and accuracy varied widely for the children (Figure 4.4, Figure 4.5). | could not
find any visible trends in the data. | believe the variability is likely due to the differing ages, skill
levels, abilities, and knowledge of Braille of the children, as well as differences in the amount of

parental supervision children received while playing the games.

P4 (age 6) achieved the highest accuracy rates, entering characters correctly 96% of the time
with VBReader and 90% with VBWriter. P4 did not play VBHangman. Interestingly, P4 also had
the longest average entry rates on both VBReader and VBWriter, with an average of 63.3 seconds
to identify a character on VBReader and 67.6 seconds to enter a character on VBWriter. P6 (age
7) had the lowest accuracy rates, with an average accuracy of 11% on VBReader and 8% on
VBWriter. She took on average of 18.6 seconds to identify letters on VBReader and 12.6 seconds
to enter letters on VBWriter. Her parent explained that she had difficulty understanding the screen
reader since she was learning English as a second language. P5 (age 8) was the only child who
played VBHangman consistently. He was the oldest child in the study and had relatively advanced

Braille skills.

45.2 Interviews and Observations

With the exception of P8 who had difficulty playing the games due to motor impairments, parents

and children were enthusiastic about the games in the initial and exit interviews. In the preliminary
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surveys, | found a strong desire for and interest in accessible smartphone games. Five out of eight
children either had their own smart device (either an iPod Touch or an iPad) or used their parent’s
smartphone to play games, listen to music, or listen to audiobooks. Three of those five parents
mentioned that they had not found any accessible Braille applications. Four parents said that they
had difficulty motivating their child to learn Braille concepts, signaling a need for fun Braille-
based games.

From the exit interviews with the children, | found that most of the children were able to
interact autonomously and enjoyed playing with the BraillePlay games. Seven children were able
to play the games by themselves, while P8 needed assistance because of motor impairments. P1 —
P7 reported that they had no problems holding the phone, using buttons or exploring the screen
with one finger. However, three participants reported having some difficulty with the two-finger
swipe, indicating that multi-touch gestures may not be suitable for children. Most importantly, all
seven children (except for P8) reported liking the games. Additionally, these seven children

reported that they understood the representation of the Braille cell using the VBraille interface.

Interestingly, | found slightly different results from the interviews with the parents: only six
parents felt that their child was able to consistently play the games without help after the first few
sessions of the study. P1’s parent reported that her child had “problems getting the double tap to
work and the “reading with one finger on the screen was too confusing,” although P1 reported
that she was able to play the games autonomously. When asked what they thought could improve
the games or make them more engaging, the parents had multiple suggestions. Four of the parents
(parents of P4, P5, P6, P8) suggested improving the voice, as the text-to-speech voice on Android
was in the words of P8’s parent “awful” and “electronic sounding.” Two parents (P1 and P3)

suggested making more advanced versions of the games that included Braille contractions and two
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parents (P3 and P6) suggested adding more visual interest (e.g. pretty colors or cute animals) for
children with low vision. Finally, two parents (P6 and P7) recommended adding more interesting
audio such as a “kid’s voice talking” or an “applause of hooray type thing with every correct

answer and an ‘oh try again’ or something like it for each incorrect answer.”

I also found evidence that some children were able to learn Braille concepts with the Braille
games. Three children thought that the games helped them learn Braille letters. Additionally, three
parents reported that the games helped their child improve his or her ability to read and write

Braille letters. P5’s parent elaborated:

It helped him to remember that there are six dots in a cell as opposed to a whole
shape and to remember which dots made up the letters. | think he loved having

something on the phone that he could do in Braille.

Three other parents reported that they were not sure if the games helped their children in their
current stage in development but thought it would help their child at some point. The parent of P3

said,

I'm not sure if it helped her specifically... it was an exciting app for me as a

parent...I think at some point in her development, it could help a lot.

The parents of the two participants (P1 and P8) who did not think the BraillePlay games were
or would be helpful stated that they had difficulty getting their children to play the games. The
parent of P1 said, “No, she didn’t play them enough.” Figure 4.3 shows that P1 spent little time
playing the games. Interestingly, | found that the BraillePlay games helped some of the parents
learn Braille. Of the six parents who played the games with their child, four said that they learned

Braille characters from the games (the other two already knew all of the characters).
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4.6 DISCUSSION

4.6.1 Research Questions

Using both the gameplay patterns and information from the interviews, | was able to answer the

three research questions:

4.6.1.1 Are BraillePlay games accessible to blind children?

For the most part, | found that the children were able to play the games autonomously. P8 had
difficulty navigating the games due to a motor impairment. P1 had trouble understanding the
vibration output of the phone and performing some of the more complex gestures such as the
double tap or two-finger swipe. This highlights the challenges of designing for this particular
population: screen readers for touchscreen devices tend to rely heavily on two-fingered and timed
gestures, but these gestures can be very challenging for children to perform.

In the exit interviews, all the parents thought that their children were able to understand the
concept of the vibrating dots representing the raised dots of a Braille cell. This is interesting as the
children were able to “localize” the dots even though the entire phone vibrated and were able to
understand 2D information through the haptic and audio feedback. In general, the simple design
of the games (audio menu with the VBraille interface) was able to be understood and navigated by
the children. This, along with Giudice et al.’s work on making graphical information accessible
[41], is one of the first examples of using the spatial layout of a touchscreen to convey 2D
structured information through haptic and audio feedback. One thing that, surprisingly, turned out
to be important was including the high contrast visual element, as many of the children had some
vision and wanted to use it. | found that only one child regularly played VBHangman; in interviews
with the parents, it appeared that this was because the children were not yet fluent enough in Braille

to spell out words and were instead focused on learning the Braille character patterns.
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4.6.1.2 Are BraillePlay games engaging for blind children?

| found that most of the children enjoyed playing the BraillePlay games, but they did not play them
for as long as | had hoped. The children each played the games for an average of 2.6 hours over
the course of the study; this is significantly lower than the encouraged 8 hours. The parents
reported that interest in the games dwindled at the end of the study for many of the children,
indicating that 1 did not design the games to have the optimal balance of challenge and success
needed for game flow [79]. This is likely because two of the three games used in the study were
the simple flashcard games. The only child that consistently played VBHangman was the oldest
child in the study (P5) and also logged the most total hours playing the games (Figure 4.3).

Using the VBraille interface to build more difficult word games or include contractions in the
future might lead to more engaging games. Additionally, based on feedback from the parents, the
games could be made more engaging by improving the voice of the text-to-speech, as well as
making the visual and audio effects more interesting and fun. For this population, it would be
interesting to examine how to increase engagement through the audio and haptic feedback, such
as adding fun sound effects and allowing the children to change around the voice of the screen

reader.

Although I did not include VBGhost in the study, P5 expressed interest in playing more word
games and might have enjoyed the more difficult game. My results are similar to findings from
prior work. A study with sighted children playing a literacy game over a period of two weeks found
that children only played for 10 minutes at a time and interest dwindled after a few days of playing
[29]. In future studies, | recommend a shorter playing period and focusing on making the audio

effects fun and engaging.
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4.6.1.3 Are BraillePlay games effective teaching tools?

Evidence from the final interviews with parents and children suggests that some of the children
learned from the games, but these findings are only preliminary. Three of the parents thought that
the games helped their children learn Braille, three were not sure and two thought they did not
help. In general, it is difficult to evaluate learning, and similar studies on educational games often
have mixed results when trying to show evidence of learning [36,50,52,74,99].

The BraillePlay games seem best suited for slightly older children than most of the participants
(7 - 8 years old). The three sets of parents who thought the games helped their child learn Braille
concepts were the parents of P5, P6 and P7, the oldest children in the study. Surprisingly, the
games seemed to be effective teaching tools for sighted adults, as all four of the six parents who
did not know Braille but who played the games with their children reported that they learned

Braille characters from playing the games.

4.6.2  Design Implications

Based on my study, I distill implications for the design of educational games for blind children.

e Design for collaborative play: | found that many of the participants engaged in
collaborative play with their sighted siblings and parents during the study. Games should
be designed for collaborative play to engage children and allow their parents and sighted
peers to also learn Braille concepts and identify with blind children.

e Design for blind, low-vision, and sighted children: Parents of children with low-vision in
the study suggested using more exciting graphics. Games should be designed for children
with all degrees of vision by presenting information in multiple ways: using audio, visual
and haptic feedback. This will both encourage sighted siblings and peers to play and make

the games more appealing for children with some functional vision.
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e Design for developing motor skills: | found that many of the children had difficulty using
multi-finger gestures, such as a two-finger swipe (used to submit letters), so applications

for games should include single finger gestures.

47 LIMITATIONS

This study had many limitations. First, it was a small sample size, based on the small population
of academic Braille readers [6]. There was a wide variation in abilities of the children, also
reflecting the diverse population of children with visual impairments, many of whom have
additional disabilities. The subjects were recruited online, so there might be some bias in that they
come from somewhat tech-savvy families. Additionally, measurement of learning outcomes was
outside the scope of this study. Because of this and the small sample size, most of the data comes
from post-study interviews, in which the participants may have responded positively to please the

researcher [33,131].

4.8 SUMMARY

These results show that there is a compelling need and desire for educational games for blind
children: both parents and children were excited about the BraillePlay games, and many
participants mentioned that they were not aware of any accessible Braille-based games for the
smartphone. The longitudinal study indicates that you can create accessible ways to interact with
Braille characters on a touchscreen, and that this interface can be used and understood by children.
| found mixed evidence on whether the children truly found the games engaging. Although most
of the children reported that they enjoyed playing the games, they only played them for an average
of 2.5 hours over a four-week period. However, many additional word games can be developed

with the VBraille interface, maintaining children’s interest as they continue to improve their
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Braille skills. This work demonstrates that there is great potential for fun and educational games

for blind children on mainstream devices.
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Chapter 5. ACCESSIBILITY CHALLENGES IN BLOCK-BASED

PROGRAMMING ENVIRONMENTS

Based on my research with children with visual impairments in evaluating the BraillePlay games
in Chapter 4, | found that these was a lot of interest in and excitement about accessible applications
on touchscreen devices from both parents and children. However, the participants in my studies
were frustrated with how inaccessible many of the applications were on these devices. Because of
this, | decided to explore what challenges these children face in using applications on touchscreen
devices. In this chapter, | seek to answer Q2: What are the challenges that children with visual
impairments face when using touchscreen technologies? | answer this question by looking at a
particular type of learning technology: block-based programming environments, which are used
as a way to introduce children to programming. More specifically, | conducted an evaluation of
existing block-based programming environments, to answer Q3: What are the accessibility
challenges in existing block-based programming environments for children with visual
impairments? The work in this chapter was done in collaboration with Richard Ladner and is based

on work previously published at CHI 2018 [87].

5.1 INTRODUCTION

Recently there has been a push to incorporate computer science education in K-12 classrooms. As
part of this effort, block-based programming environments, such as Scratch [78] and Blockly [43]
have become very popular [22]. These block-based environments use a puzzle-piece metaphor,
where operations, variables and constants are conceptualized as blocks, puzzle-pieces that can be
dragged and dropped from a toolbox (a menu of blocks) into the workspace (the editor that holds

the actual program code) to create a program. These blocks will only snap into place in a location
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if that placement generates syntactically correct code. Because these environments remove the
syntax complexities, they can be a good choice for an introduction to programing and are used
heavily in curricular materials and outreach efforts for K-12 education; for example, 60 of the 72
computer-based projects for pre-reader through grade 5 on the Hour of Code website use block-
based environments [168].

Unfortunately, these environments rely heavily on visual metaphors, which render them not
fully accessible for students with visual impairments. As these students are already
underrepresented and must overcome a number of challenges to study computer science [85,122],
it is important that they have equal access to curriculum in primary schools, at the start of the

computer science pipeline.

| evaluated 26 existing block-based environments using a screen reader to determine what are
the accessibility challenges in existing block-based programming environments for children with
visual impairments. | found that in the majority of the environments it was impossible to even
select the elements or move them with a screen reader. To explore accessibility problems in the
touchscreen environment beyond simply accessing and moving the elements, | modified the
Android version of Google’s Blockly so that the elements were accessible and movable by screen

reader and evaluated it alongside the other environments.

Because of my interest in touchscreen-based learning technologies, | also tested the block-
based environment of the Tickle iOS application (the only accessible mobile environment) with
three children with visual impairments. This environment is advertised as being the only block-
based application that is accessible with VVoiceOver, the built-in screen reader on Apple phones
[169]. | tested with one child who used a screen reader and two children with low-vision to

determine how usable the environment was for them. | found that one child was able to use his
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vision to successfully use the Tickle application, but the other two children (one who was

functionally blind, the other who had low-vision) were not able to use the environment.

Through these evaluations, | identified five main accessibility problems in block-based

programming environments:

(1) The output of the programming environments is generally visual in nature and not

accessible,

(2) Blocks are not accessible (cannot be read by the screen readers and often do not use high

contrast),
(3) The drag and drop gesture to move the blocks is not accessible with screen readers,
(4) Program structure is not discernable with screen readers, and

(5) Type information is conveyed only through visual metaphors that could not be accessed

or understood without sight.

This provides further support for the second claim of my thesis: In the context of block-based
programming environments, these challenges (that children with visual impairments must
overcome) include a reliance on visual metaphors and gesture-based interactions that do not
interface well with the screen reader. The work in this chapter was done in collaboration with

Richard E. Ladner and is based on work previously published at CHI 2018 [87].
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5.2 SCREEN READER EVALUATION

5.21 Method

I reviewed 26 block-based programming environments meant for introducing children to
programming in March 2017. Environments were selected from Google searches of “block-based
programming environments” and “blocks programming languages”, the related literature, as well
as online lists of programming environments for children [129,170]. Applications that were text-
based or seemed directed toward an older audience were not evaluated (e.g. Android Applnventor
[171], Actimator [172] and Stencyl [173]).

I evaluated a mixture of web-based, desktop, mobile, and tangible applications. The web-

based environments were:
e Scratch [78],
e Blockly [43],
e Accessible Blockly [44],
e Tynker [174],
e Snap! [132],
e Pencil Code [175],
e Gamefroot [176],
e Waterbear [177],
e Spherly [178] and

e Touch Develop [20,130].



The mobile-based environments were:

Blockly (Android) [43],

e Scratch Jr (10S) [38],

e Hopscotch (i0S) [179],

e the Wonder Workshop Blockly App (i0S) [141],
e Daisy the Dinosaur (i0S) [180],

e Tynker (i0S) [174],

e PocketCode (Android) [181] and

Tickle (i0S) [169].

The desktop-based environments were:

AgentSheets [183],

Alice [184],

Looking Glass [185],

Kodu [186] and

Squeaky eToys [187].

The tangible environments were

e Osmo [162],

e Kibo [65,125], and

e Cubetto [105].

93
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The web-based and desktop applications were evaluated with the Firefox browser on a Lenovo
Flex 3 Laptop computer with the open-source NVDA (Non-visual Desktop Access) screen reader,
version 2017.1. The speech viewer was turned on to visualize the spoken audio. The mobile
applications were evaluated on an iPad air version 10.1.1 with VoiceOver and a Samsung Galaxy

View tablet with TalkBack.

The guidelines for evaluation were drawn from the WCAG [188], Android [189] and i0S
guidelines [10]. However, these guidelines only require a minimum level of accessibility and do
not necessarily require an interface to be truly usable with a screen reader. For example, according
the WCAG 2.0 Guideline 1.2, time-based media is only required to have captions or descriptions
if it is prerecorded, which would make it unnecessary to make the programming output of most
these environments accessible [188]. Because of this, | evaluated the environments according to a
more functional and blocks-specific set of guidelines, which emerged as | conducted the

evaluations:
(1) Accessing Output: is the output of the programming perceivable (WCAG Principle 1),
(2) Accessing Elements: are the menus and blocks perceivable (WCAG Principle 1),

(3) Moving Blocks: can the blocks/code be moved and edited using a screen reader (WCAG

Principles 2 and 3),

(4) Conveying Program Structure: are the relationships between programming elements

perceivable (WCAG Principle 1), and

(5) Conveying Type Information: are data types perceivable (WCAG Principle 1).
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Figure 5.1. The Modified Android Blockly interface. The toolbox can be access by clicking the buttons on

the left. This program will set item to zero (and will check if item is equal to sin(90) 10 times).
5.2.2  Modified Android Blockly

The majority of the environments did not allow users to access the blocks via the screen reader
and used inaccessible gestures. Because Android Blockly (Figure 5.1) is open source, | was able
to build a Modified Android Blockly that fixed certain accessibility problems (making the blocks
accessible to the screen reader and replacing drag and drop with selecting a block and then
selecting where you would like to place it) to gain insights into other interactions that may be
difficult. In the Findings, | describe the accessibility problems I found with both the original

Android Blockly and the Modified Android Blockly.
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Table 5.4. Results of Screen Reader Accessibility Evaluation of Block-Based Programming Environments

MOBILE- Accessible Accessible Accessible Convey Convey Type | Version
BASED Output Elements Actions Program Information
BLOCKS Structure
Android- Yes (audio No No No No Evaluated 2/11/17
Based options)
Blockly
Modified Yes (audio Yes Yes No No Evaluated 3/17
Android options)
Blockly
ScratchJdr Yes (audio No No No No Evaluated 2/1/17
options)
Wonder Yes (robot) No No No No Evaluated 2/1/17
Workshop
Blockly App
Hopscotch No No Yes Yes No Evaluated 2/11/17
Daisy the No Yes No No No Evaluated 2/11/17
Dinosaur
(hopscotch)
Tickle Yes (audio Yes Yes (drag No No Evaluated 2/26/17
options) and drop
with audio
cues)
Tynker Yes (audio No No No No Evaluated 2/11/17
options)
PocketCode Yes (audio Yes No No No 0.9.27
(Android) options)
WEB-BASED BLOCKS
Web-Based Yes (audio No No No No Evaluated 2/14/17
Blockly options-
Blockly
games)
Scratch Yes (audio No No No No 2
options)
Accessible N/A (not part | Yes Yes Yes Yes Evaluated 2/14/17
Blockly of
programming
environment)
Tynker Yes (audio No No No No Evaluated
options) CandyQuest
activity
Snap! No No No No No 4.0.10
Pencil Code Yes (audio No No No No Evaluated 2/17/17
options)
Gamefroot Yes (audio No No No No Evaluated 2/17/17
options)
Waterbear Yes (audio No (can No No No Evaluated 2/18/17
options) access
fields)
Spherly Yes (robot) No No No No Evaluated 2/18/17
Touch Yes (audio No No No No 0.0.638.2632
Develop options) Web App on

Windows and iOS
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DESKTOP NON-BLOCKS

AgentSheets | No No No No No 4

Alice No No No No No 3.3.0.0

Looking No No No No No 2015.11.5

Glass

Kodu No No No No No 1.4.164.0

Squeaky Yes (audio No No No No 5

eToys options)

TANGIBLE

Osmo No No Yes Yes Yes Evaluated 2/1/17

Cubetto Yes (robot) Yes Yes N/A (does Yes Evaluated from
not support online image and
complex description
structure)

Kibo Yes (robot) No Yes No No Evaluated from

online image and
description

523 Findings

| address the five accessibility challenges encountered in the applications below.

5.2.3.1 Accessing Output

| found that 14 of the 26 environments had some audio output options, but the majority of the

games and projects focused on visual output, such as animating avatars. Accessible Blockly is not

currently part of development environment, so there was no output to evaluate on. The Tickle,

Spherly, Kibo and Cubetto applications could be used to control robots, making them more

accessible. This was by far the most accessible feature that | evaluated.

5.2.3.2  Accessing Elements

There were four mobile applications that allowed you to access the blocks themselves (Daisy the

Dinosaur, Tickle, PocketCode and Modified Android Blockly), although it was still not possible

to construct code using either Daisy the Dinosaur or PocketCode. With the exception of Accessible

Blockly, it was impossible to focus on blocks in the toolbox or in the workspace using a screen
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reader on any of the desktop or web-based applications. This can be fixed by adding tags that can
be read by the screen reader, but it rendered all the other environments completely inaccessible for
screen reader users. Surprisingly, of the tangible environments, only Cubetto had blocks that could
be understandable to blind children as it has accessible plastic pieces that can be distinguished
from each other based on shape. The Kibo blocks and Osmo pieces are not accessible (although

Braille labels could be added to make them accessible).

5.2.3.3 Moving Blocks

Most of the digital applications except Accessible Blockly and the modified version of Android
Blockly relied on drag and drop to move the blocks from the toolbox to the workspace. Although
it is technically feasible for the drag and drop gesture to work with screen readers (e.g. with
VoiceOver on i0OS, you can double tap and hold to perform an underlying gesture), extra
information must be provided to place the blocks. Without the extra information, the user will be
unaware of the current location of the block and where their intended target is in relation to their
current location. This effectively makes drag and drop inaccessible using screen readers. The
Touch Develop application did not use drag and drop. Instead, when you touched a location in the
code, a menu would pop up that contained elements that could fit in that location. This has the
potential to be an accessible interaction, but unfortunately the menus did not work with the screen
readers | tried (VoiceOver and NVDA). Hopscotch also used a menu to construct code, so the
action was accessible. Unfortunately, it did not allow you to fully access each of the blocks (e.g.
it read some components of the blocks out loud, but not all of them so “set color to purple” read
“set color” and you were unable to change the color), So it was not accessible. It was possible to

move and construct code for all the tangible environments without vision.



Select a block...
Logic
if BLANK do BLANK

Loops

repeat 10 times do BLANK

repeat while BLANK do BLANK

count with i from 1 to 10 by 1 do BLANK

for each item j in list BLANK do BLANK

break out of loop
Text

to item append text * "

print “ abc "
Lists
in list list set # BLANK as BLANK

| Cancel

Figure 5.2. The “Create a new block group...” menu which pops up in Accessible Blockly, so you can add

a block to the workspace. This is essentially the “toolbox” and does not require drag and drop.

In Accessible Blockly, blocks were not added to the workspace via drag and drop. Instead
blocks were added to the workspace by selecting the “Create new block group” button or a “create
link” button within an existing block group. Blocks were then selected from a menu (Figure 5.2).
This is a form of “select, select, drop,” in which you first select a location in the workspace to add

a block and then select a block that you would like to add.

In the Modified Android Blockly application, blocks were also moved via select, select, drop:
you would select a block in the toolbox and then select a block in the workspace you would like
to place it either before or after. This could still be a challenging action to do with a screen reader,
as you have to find the location in the workspace where you want to place their blocks. The Tickle

application augments drag and drop by providing an audio description of the current location of
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the block as the blocks are dragged across the screen. It does not work with Apple’s version of

select, select, drop via the rotor.

5.2.3.4 Conveying Program Structure

Only the Hopscotch application, the Osmo tangible blocks and Accessible Blockly were able to
convey information about program structure with the screen reader. This was because with the
other blocks programs it was impossible to determine whether statements were nested inside or
outside of a control statement like a repeat loop or conditional statement without sight. The screen
readers gave no clues about program structure. With the Hopscotch application, there were “end”
statements at the end of each loop or conditional. The “end” statements did not state which control
structure they were closing, however that could be determined by the programmer by navigating
up to find the closest open statement. With the Osmo blocks, program structure is conveyed by

having blocks physically moved to the right if they are nested inside a repeat forever loop.

Blockly > Demos > Accessible Blockly
This is a demo of a version of Blockly designed for screen readers, optimized for NVDA on Firefox. It allows users to create programs in a workspace by mat

To explore a group of blocks, use the arrow keys.

To navigate between groups, use Tab or Shift-Tab.

To add new blocks, use the buttons in the menu on the right.

To delete or add links to existing blocks, press Enter while you're on that block.

Workspace
Attach new block to link...
1. repeat 10 times do if 3 is even do print “ Hello World "
1. repeat
2. 10 inside repeat 10 times do if 3 is even do print * Hello World "
1. 10
3. times

4. do
5. if 3 is even do print “ Hello World " inside repeat 10 times do if 3 is even do print * Hello World " Erase Workspace

Create new block group... l

1. if
2. 3is even inside if 3 is even do print “ Hello World "
1. 3inside 3 is even Add Variable
1. 3
2. is | prime
3. do
4. print * Hello World " inside if 3 is even do print " Hello World "
1. print
2. " Hello World " inside print " Hello World ”
1. * Hello world| i

Figure 5.3. A program written in Accessible Blockly. It will print “Hello world” ten times. Note that there

is a small bug: “3 is even” should say “3 is prime”.
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In Accessible Blockly, program structure is conveyed in a hierarchical list, with nested
statements contained as sub lists under their containing statement (Figure 5.3). All of the
information to determine program structure is communicated in an unambiguous manner. In the
Modified Android Blockly application, it is impossible to determine the structure of a program
with nested blocks. When blocks are nested inside of each other, as in a ‘for’ loop or ‘if” statement,
it is impossible to tell where the nesting ends, and which blocks are outside. Additionally, it would
be difficult to locate blocks on the screen and difficult to navigate in a straight line (similar to what
Kane et al. [58] found) either down between block statements or horizontally to find nested blocks.
The fact that the blocks are different sizes could also make it difficult to understand the program

structure.

5.2.3.5 Conveying Type Information
In the digital applications, apart from Accessible Blockly and the Tickle Application, type
information, if it was conveyed at all, was conveyed visually via the shape and color of the block.
This is not accessible via screen reader. Some applications (e.g. ScratchJr) avoid the need for types
by having drop down menus to select certain typed options (e.g. having a menu with the number
of times a repeat loop will repeat as opposed to introducing a type for numbers). Both Osmo and
Cubetto conveyed type information through the shapes of their tangible blocks, so they were
accessible.

In the Modified Android Blockly application, I did not explicitly include type information in
the hints for VoiceOver, but this likely could be added. In Accessible Blockly the type needed at
each location is explicated named (e.g. Boolean needed) and when adding a block, only blocks of

that type appear in the toolbox.
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In the Tickle application, type was mostly conveyed through shapes and color, but with

VoiceOver on, the category of the block was announced, (e.g. “Control block, repeat”). However,

there was no audio information to convey things like which blocks were Boolean statements that

could fit inside conditionals.
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Figure 5.4. A program written with the Tickle Application. Toolbox is on the left, workspace on the right.

It will play the “Engine Rev” sound, move forward two times, turn right and then look right four times. Then

if you are touching the iPad it will change all the light colors. Finally, it will make a dinosaur sound.
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5.3 TICKLE EVALUATION

Tickle was the only unmodified touchscreen application that both allowed you to access and move
blocks with a screen reader. It is advertised as being accessible with VoiceOver on its website. |
wanted to determine how usable it is for children with visual impairments, and to get an idea of
how usable children with low-vision would find a traditional block-based environment. | planned
to test it with a number of children with visual impairments. However, | only ended up testing it

with three children, as they uncovered a number of usability issues.

5.3.1  Apparatus

| evaluated Tickle (Figure 5.4) using an iPad running iOS 10.3.3. This evaluation was conducted
in February and March of 2018, a year after the initial evaluations of the other environments. One

participant used VoiceOver in the evaluation and the other two did not.

Table 5.5. Participants who Evaluated the Tickle Application

. Used
Level of Previous Screen Previous Experience
Participant | Age | Gender Corrected VoiceOver - - P
. : Reader in with Blocks4All
Vision Experience .
Evaluation
Participated in 4
Experience with Blocks4All sessions
20/150, VoiceOver but . before evaluating
P1 8 Female ?gfchST:]ty prefers to use Occasionally | Tickle application (P1
g vision with iPad. in Table 6.6 and in
Table 6.7).
Participated in 4
] . Blocks4All sessions
Uses iPad with before evaluating
P2 10 Male 20/400 both VoiceOver No Tickle application (P2
and Zoom. in Table 6.6 and in
Table 6.7).
- Participated in a
Has color and Very familiar Blocksg)\ﬁ’l evalluation
light perception, | with VoiceOver, session before
P3 10 Male but no real often uses with Yes evaluating Tickle
usable vision Braille display on application (P3 in
iPad.
Table 6.7).
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5.3.2 Participants
| evaluated it with three children with visual impairments (Table 5.5). Both P1 and P2 chose not
to use VoiceOver to evaluate the application, although I turned on VVoiceOver to read some of the
blocks names to P1. P3 used VoiceOver to explore the environment. All three of the children had
previous experience with block-based environments as they had participated in the design and/or

evaluation of the Blocks4All environment (described in Chapter 6).

5.3.3 Method

The children were asked to complete tasks that included constructing programs from scratch,
modifying existing programs and describing existing programs (Appendix I). For all three types
of tasks, they used a combination of control structure blocks (e.g. if statements or repeat loops)
and operation blocks (e.g. “Play sound ‘Engine Rev’”’). The sessions were video-recorded and

analyzed for usability challenges.

5.3.4  Findings

P2 was able to complete the tasks on the Tickle interface using his vision. Neither P1 nor P3 was
able to complete any of the tasks due to a number of usability problems. | describe these findings

in further detail below.

5.3.4.1 Accessing Elements

In the Tickle application, P2 was able to read the names of the blocks by holding the iPad close to
his face without VoiceOver. P1 attempted to do the same, but she was unable to read any of the
blocks names, although she could identify the color. For P1, | turned on VoiceOver, so she could
hear the name of the blocks. Unfortunately, as both she and P3 discovered, although VoiceOver

could access the blocks, the way it read them out was buggy. It would not read the parts of the
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block that were contained as drop-down menus (e.g. in the turn “right” by “90” degrees block, the
“right” option is part of a drop-down menu and the block reads “Motion block. Turn by degrees.
End of block™). It was difficult for P3 to locate the blocks within the workspace without sight, and

when asking him to describe an existing program structure, | had to guide his hand to the program.

5.3.4.2 Moving Blocks

P2 was able to use his sight to move the blocks without VVoiceOver and was able to place them
where he wanted them to go. P1 was also able to move the blocks without VVoiceOver. P3 was not
able to perform the drag and drop gesture with VVoiceOver on. As mentioned in the previous
section, Tickle augments the standard drag and drop gesture with an audio description of where
the block currently is in the program if VoiceOver is on. The gesture can be accessed with
VoiceOver on by doing a double tap and hold. P3 was able to drag blocks using the audio-guided
drag and drop, but he was not able to place blocks where he wanted them to go. This was because
VoiceOver’s reading of the labels in the workspace lagged behind the movement of his fingers, so
he would “drop” the items too late and they would not connect to the existing program in the
workspace. He also had trouble finding the existing program within the workspace with

VoiceOver.

5.3.4.3 Conveying Program Structure

Even if his hand was guided to an existing program, P3 found it difficult to read blocks by moving
his finger down the screen with VoiceOver. In his words, “Maybe it would kind of work for people
who can see, but for blind people, they kind of need something big enough to put their fingers on.
Like the slightest motion could make your finger move off it.” He was also unable to determine
which statements were nested inside of a repeat loop. P1 did not attempt to describe the program

structure of existing programs as she was frustrated with the interface before reaching this point.
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P2 had a little trouble determining whether blocks were inside or outside of repeat statements but

was able to accurately describe the rest of the program structure.

5.3.4.4 Conveying Type Information

As mentioned in Section 5.2.3.5, Tickle conveys type information in both color and shape, and
both P1 and P2 were able to distinguish the shapes from each other. With VVoiceOver on, you are
told what category the block is from (e.g. a repeat block was from the “control category”), but do
not have information to indicate where a block might fit. In any case, P3 did not try to determine

type information, as he had enough trouble simply accessing the elements.

5.4 LIMITATIONS

There are a number of limitations to my evaluations. First, the desktop and web applications were
evaluated with NVDA on the Firefox browser (for the web applications) on a machine running
Windows. This was due to cost as access to NVDA is free whereas a subscription to JAWS, the
most popular screen reader for Windows machines, is over $1,000 [144]. Accessibility can vary
widely across screen reader, browser and operating system combinations, so it is possible that
some combination for a particular environment would be more accessible. However, for an
environment to be truly accessible, it seems reasonable to ask that should be usable with the end
user’s preferred combination of screen reader and browser. Additionally, the environments were
evaluated by a screen reader novice user, and it is possible that an expert user would have been
able to access more features. The second set of evaluations with the Tickle application was done
with only three children, as | quickly determined the application was not accessible enough to

continue testing.
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55 SUMMARY

This work demonstrates that there is a need for accessible introductory programming environments
that are actually usable by elementary-school aged children. | found that the majority of the
environments surveyed were not accessible. Only four of the 26 environments met the bare
minimum for accessibility, in that a blind child should both be able to select each block and be
able to move the block to build a program. These four environments were (1) the Cubetto tangible
blocks application (which was accessible because it used tangible blocks with different shapes),
(2) the Modified Android Blockly environment (which was only accessible because | modified it
to be s0), (3) Accessible Blockly (which was built specifically to work well with screen readers)
and (4) the Tickle application (which was built with VVoiceOver in mind). However, there are
caveats to the accessibility of these applications. While Accessible Blockly is accessible with a
screen reader, it appears that there are no longer developers working on it. Both the Tickle
application and Modified Android Blockly (environments built for sighted children that were also
programmed to work with screen readers) were difficult to use with the screen reader. This is
because the blocks were challenging to find in the workspace without sight, the complex blocks
were not read correctly by the screen reader, and it was impossible to determine program structure

using the screen reader.
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Chapter 6. BLOCKS4ALL

In the evaluation of existing introductory programming environments detailed in Chapter 5, |
found five main accessibility problems that made these environments difficult, if not impossible
for children with visual impairments to use. This is unfortunate, especially as block-based
environments, in particular, have been touted as a way to broaden participation in programming
[22,77]. They are the environments used in the majority of the hour-of-code activities, which serve
as an introduction to programming for millions of students [169], and their inaccessibility sends a
message to children with visual impairments that computer science may not be for them. So, in
this chapter, | seek to answer research question Q5: How can we use a touchscreen device to allow

children with visual impairments to understand and create block-based programs?

6.1 INTRODUCTION

In my evaluation of existing programming introductory environments, | identified five main
accessibility challenges that made them difficult or impossible to use for children with visual
impairments. In order to address these problems, I built Blocks4All, a prototype environment
where | implemented various means to overcome these challenges using a touchscreen tablet
computer. | chose to implement this as an Apple iPad application, as iPads have a built-in screen
reader and zoom capabilities, making them accessible for children with visual impairments. |
worked with a TVI and five children with visual impairments who used Blocks4All to determine
the usability of these techniques and answer the following questions:

e BQ1: What touchscreen interactions can children with visual impairments use to identify

blocks and block types?
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e BQ2: What touchscreen interactions can children with visual impairments use to build
blocks programs?

e BQ3: What touchscreen interactions can children with visual impairments use to
understand the spatial structure of blocks program code?

I incorporated the feedback from the five children into a final design, which | then evaluated
with five children (three of whom had participated in the formative study). In the evaluation study,
the children were asked to independently complete four sets of tasks: two sets that required the
children to build and then modify a blocks program and two sets that required the children to state
the structure of an existing program with complex program structure. In the evaluation study, |
found that children were able to independently use the application, although they needed help to
understand how to execute the underlying programming concepts. They were also able to describe
the program structure of existing programs and enjoyed using the applications to program a robot.
This supports the final claim of my thesis: To improve access to learning technologies on these
devices, we can design applications that (1) use the spatial information afforded by the
touchscreen to help children understand structural information such as the layout of a Braille cell
or the structure of program code, and (2) use the visual, haptic and audio feedback of these devices
to engage children and allow them to use these applications independently. The work in this
chapter was done in collaboration with Richard E. Ladner and is based on work previously

published at CHI 2018 [87].

The contributions from this work include (1) design guidelines for designing block-based

environments and touchscreen applications for children with visual impairments, drawn from
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interviews and formative testing with children and a TVI, and (2) the Blocks4All environment

itself, as the source code and application are freely available.?

Do : WORKSPACE
= | = 2
i %) g
B E
. O =
a) b)

Figure 6.1. Image comparing the three main components (toolbox, workspace and program output) of
block-based environments in (a) the Scratch environment [78] and (b) a version of the Blocks4All
environment. In Blocks4All, 1 used a robot as the accessible program output, so only needed a button on the
screen to run the program. The Blocks4All environment shows a “Repeat Two Times” loop with a nested

“Make Goat Noise” block and a nested “If Dash Hears a Sound, Make Crocodile Noise” statement.
6.2 RELATED WORK

I discussed much of the related work on block-based programming environments and touchscreen
accessibility in Chapter 2. In this section, | discuss in further detail: (1) design guidelines pulled
from prior work on creating accessible touchscreen applications that | found particularly important
in designing Blocks4All (2) existing approaches to creating accessible block-based environments
and how my design differs and (3) approaches to evaluating learning in block-based environments

and how that contrasts with what | chose to evaluate in my design.

3 https://github.com/milnel2/blocks4alliOS
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6.2.1  Accessible Touchscreen Design Guidelines
In Kane et al.’s work on understanding gesture preferences of blind adults on touchscreen devices,
the researchers found that it was hard for blind adults to find targets on the screen and had some
trouble with time-based gestures [60]. They recommend that designers favor edges and corners,
reduce demand for location accuracy by creating bigger targets and limit time-based gesture
processing. My design takes these into account with large targets and blocks aligned to the edges
of the screen. Additionally, I tried to limit the number of gestures I used in my application.
Giudice et al. [41] conducted a study looking at whether blind participants could understand
simple bar graphs, letters and shapes on a tablet with vibration and audio. They found that
participants were able to understand the information presented on the vibro-audio tablet as well as
they could on a tactile graphic. This is promising as it indicates that simple code structure and
block shapes might be understandable using a touchscreen. They did note that it was difficult for
participants to move in straight line across the tablet and suggested using secondary cues for
helping them to stay straight. This matched the early results from piloting a prototype of

Blocks4All and led to my design decision to place blocks on the bottom of the screen (Figure 6.1).

6.2.2 Accessible Block-Based and Visual Environments

Block-based environments consist of a toolbox of blocks that can be dragged and dropped into a
workspace to create a program, which can be run to produce some output. Figure 6.1 compares (a)
the Scratch environment, one of the earliest and most popular block-based environments with (b)
the final version of the Blocks4All environment.

Existing block-based environments are generally not accessible (as discussed in Chapter 5),
but there are two exceptions to this rule: work by Lewis et al. [68,71] and Google’s Accessible

Blockly [44] (described in more detail in Chapter 2). These are both web-based applications
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designed to work well with desktop-based screen readers. Instead of designing a separate interface
for visually impaired children, my goal was to provide insights into how to make existing block-
based environments universally accessible. To do so, | closely mimicked existing block-based

environments and used touchscreens, which | believe may be easier for young children to use.

Looking more broadly at visual programming languages (section 2.2), Siegfried [116] created
a scripting language to enable blind people to work in the Visual Basic environment. Visual Basic
is a visual environment where users can create graphical user interface (GUI) forms by dragging
and dropping components and controls in a form and then specifying details about them. In
Siegfried’s accessible solution, placement of GUI elements in done in a text-based file; the screen
is divided into either three rows or three columns, and items sequentially added to a specified row
or column. Although these constraints result in less freedom for the developer, it makes the forms
much easier to specify and covered most use cases for the forms. | used this idea of constraining
the spatial layout of blocks in the design of Blocks4All; blocks can no longer be placed anywhere

on the screen, but only on the edge so they are easier to find.

Although not designed for children with visual impairments, Wagner et al. created a Scratch-
based environment that can be navigated completely by voice, intended for children with motor
impairments [136]. This provides a potential solution to the input problem (selecting and dragging
a block) that blind children face when using a block-based programming environment, but another
solution is also needed to help blind children understand what is on the screen and the structure of

the program. | chose to use a touchscreen environment to facilitate this.
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6.2.3 Evaluation of Block-Based Programming Environments

Because using block-based programming environments in educational contexts is fairly new, there
are still a number of open questions about how effective they are, what concepts they teach well,
and how well computer science knowledge transfers from block-based environments to text-based
ones [14,72,103]. In a study of sixth-grade students in a summer enrichment program, Lewis found
that after a week of programming in either Scratch or Logo (a text-based introductory
programming environment), students who programmed with Scratch performed better on an
assessment of their understanding of conditionals, but not loops (although conditionals were
evaluated after five days, and loops after only two) [72]. She also found that students who learned
Logo were more confident in their programming ability than those who learned Scratch. However,
it’s not clear if these differences are due to the blocks or text-based representations of the
environment, or simply the different syntax and keywords.

Price et al. [103] evaluated two groups of novice middle school programmers as they
completed an hour of code activity in outreach program, where each group used a version of their
programming environment that supported only blocks or text so that differences in performance
could be attributed to that. They found that the different interfaces did not affect attitudes or
perceived difficulty of the task, but that students using the blocks interface spent less time off task

and completed more activities.

Armoni et al. [14] found that students who learned first learned Scratch in a middle school
computer science class took less time to learn new topics, had fewer learning difficulties and had
a better level of understanding of most topics (loops, though not conditionals or variables) in Java
and C# high school programming classes. Additionally, those students had higher self-efficacy

and motivation. In general, there is enough support and curriculum for block-based environments
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that it important that blind children to have access to them. Measuring learning outcomes was
outside the scope of my own evaluation. Instead | focused on studying the usability of the interface,
making sure that children with visual impairments are able to access the same types of curriculum

and educational tools as their sighted peers.

6.3 DESIGN EXPLORATION

In designing the environment, | wanted to create an environment that was independently usable by
and engaging for people who are sighted, who have low-vision and who are blind, making only
changes that could be adopted by existing block-based environments. Additionally, 1 wanted to
support the features of block-based environments that make them suitable for young children:
e A lack of syntax errors due to blocks that are units of code, which can only fit in places
that are syntactically correct,
e Code creation using a menu of blocks that relies on recognition instead of recall, and
e Clear hints about the type and placement of blocks, which in traditional block-based
environments is conveyed via shape and placement of blocks.
I chose to develop Blocks4All on a touchscreen device, and specifically an iPad, for multiple

reasons:

e They are popular among people with visual impairments and have a state-of-the-art screen
reader that is built-in [154].

e They are easy to use and are often used by children in educational contexts (iPads are
actually provided to every child in some school districts and are often provided as assistive
technology for children with visual impairments both because of the screen reader and

because they can be used to magnify things by taking a picture and zooming in).
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e Many block-based environments are already available as touchscreen applications
[38,170], and
e Touchscreens used with a screen reader allow for spatial exploration of the screen, which

could be useful for conveying program structure.

6.4 INITIAL DESIGN

The initial design of Blocks4All was based on prior research and my own design exploration. |
summarize my different approaches to overcome the five accessibility challenges I identified in

Chapter 5.

6.4.1  Accessing Output

| created a block-based environment that can be used to control a Dash robot [142], as this makes
for tangible output that is very accessible for children with visual impairments. | included
commands to move the robot (e.g. “Drive Forward/Backward”, “Turn Right”), for the robot to

99 ¢

make sounds (e.g. “Bark like a Dog”, “Say Hi”), as well as repeat and ‘if” statements.

6.4.2  Accessing Elements

In my design, blocks can be accessed using VoiceOver, which provides the name, the location and
the type of the block, (e.g. “Drive Forward, Block 2 of 4 in workspace, operation”). | also give
hints on how to manipulate the blocks (e.g. “double tap to move block™). Blocks in the workspace
are placed along the bottom of the screen to help with orientation, as it is easy for blind users to

“drift off course” when tracing elements on a touchscreen [58,123].
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4))) ‘Move Forward’

q))) Place After ‘Turn
Left’ Block.
Block.

a)

q))) Add Block After | _
‘Move Forward. '44‘)) Drive Category.

b)

Figure 6.2. Two methods to move blocks: (a) audio-guided drag and drop, which speaks aloud the
location of the block as it is dragged across the screen (gray box indicates audio output of program) and (b)
location-first select, select, drop, where a location is selected via gray “connection blocks”, then the toolbox of

blocks that can be placed there appears.
6.4.3  Moving Blocks

| initially explored two methods to move blocks: (1) audio-guided drag and drop, which had a
similar set-up to traditional block-based environments with the toolbox on the left side of the
screen and which gives feedback about where in the program a block is as it is dragged across the
screen (e.g. “Place block after Move Forward Block™) (Figure 6.2a), and (2) location-first select,
select, drop, where a location is selected in the workspace via “connection blocks,” which

represent the connecting points of the block (analogous to the jigsaw puzzle piece tabs in the visual
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version), and then a full screen menu pops up with the toolbox of blocks that can be placed at that
location (Figure 6.2b). This is slightly different from traditional block-based environments, in
which you first select the block and then the location to place it. It is logically similar to the method

used in Accessible Blockly, although the physical manifestation is different.

Inside ‘If’ ) ‘If-spearcon’” Make D

4))) Statement. Block 4 4»} Crocodile Noise. Block
of 6in Workspace./ 4 of 6 in Workspace.

Inside ‘If’ Statement.

/

Figure 6.3. Two methods to indicate the spatial structure of the code: (a) a spatial representation with
nested statements placed vertically above inner blocks of enclosing statements, and (b) an audio
representation with nesting communicated aurally with spearcons (shortened audio representations of

words).

6.4.4 Conveying Program Structure

| tested two methods to indicate the spatial structure of the code. The first is a spatial
representation with repeat loops and conditionals represented with both a start and an end block
and nested statements placed vertically above special inner blocks of their enclosing statements
(Figure 6.3a). Navigating with VoiceOver, users can determine if or how deeply nested a statement
is, by counting the number of “Inside " blocks below it. The second is an audio representation

with start and end blocks for the enclosing statements. When nested blocks are selected, nesting is
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communicated aurally with spearcons: short, rapidly spoken words, in this case “if” and “repeat”

[137] (Figure 6.3Db).

4))) Repeat Two

Times.

<)

Two Times...
Three Times
Selected

Figure 6.4. The first method to access different block types: embedded typed blocks, accessed from a

menu embedded within each block (e.g. ""Repeat 2/3 times'")

Three Times

(49) ‘Beep Beepﬂ

Selected.

[19) ‘Beep Beep.

Three Times.

—

<)

‘Beep Beep.’ Place
Three Times as
Number of Times
to Repeat.

Figure 6.5. The second method to access different block types: audio-cue typed blocks, when a typed block

in the toolbox and the blocks in the workspace that accept it play the same distinct audio cues.
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6.4.5  Conveying Type Information
The prototype application supports three types of blocks: (1) operations (e.g. “Drive Forward”),
(2) numbers (used in conjunction with repeat loops and as distances for driving blocks), and (3)
Boolean statements (e.g. “Hears Sound” and “Senses Obstacle” used in conjunction with ‘if’
statements). | explored two methods to access these different block types. The first is embedded
typed blocks within operation blocks. These can be accessed from a menu embedded within each
block (e.g. “Drive Forward 10/20/30”) (Figure 6.4). To access these menus with VoiceOver, you
select the containing block and then swipe up or down to cycle through the options. This is similar
to the approach taken in the ScratchJr [38] and the Dash robot [142] applications. | only prototyped
the embedded typed blocks with numbers in the repeat and drive forward statements.

The second is audio-cue typed blocks (Figure 6.5). In this method, when a number or Boolean
block is selected with VVoiceOver in the menu, it plays a distinct audio cue (two short low-pitched
notes for numbers and two short high-pitched notes for Booleans), and the workspace blocks play
matching audio cues for the types they can accept (‘if” statements play two short high-pitched
notes as they can accept Booleans). This information is also conveyed visually with the shapes of
the blocks: Booleans have an orange triangle on the bottom to indicate they fit with orange ‘if’
statements, while numbers have a red rectangle at the bottom to indicate they fit with the red repeat
statements (Figure 6.5). The visual approach is similar to traditional block-based environments
(e.g. Blockly [43] and Scratch [142]), but the tabs are larger to accommodate users with low-
vision. These blocks can only be placed as conditions of either repeat or if statements in the

workspace, which is communicated aurally with VoiceOver (i.e. “3 times cannot be placed here”).
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6.5 FORMATIVE STUDY

6.5.1 Interview with Teacher of the Visual Impaired

To collect feedback on my initial designs, | conducted a semi-structured interview with a TVI,
who works with elementary school-aged children in a local district. | asked about her work
teaching children how to use technology and the access tools (screen readers, zoom, refreshable
braille displays, etc....) on touchscreen devices. | also asked her to provide feedback on my

different designs, and I include her feedback in the discussion below on my design.

Table 6.6. Participants in Blocks4All Design Study

Level of Used Used
. Evaluation Previous Screen Blocks4All
Participant | Age | Gender . Corrected . -
Sessions . - Technology Use Reader in ina Later
Vision .
Evaluation Study
i Yes. (P1in
20/150, L_ots of experience (
e with screen readers, Table 5.5
P1 8 Female 4 difficulty . No .
focusing uses iPads and and in Table
tablets. 6.7).
Uses iPad at school )
as assistive Yes. (P2 in
20/80- technology device . Table 5.5
P2 8 | Male 4 20/100 with both Occasionally | q'in Table
VoiceOver and 6.7).
Zoom.
P3 5 | Male 1 20/100 Usesf'Pads at home No No
or games.
Uses VoiceOver on
iPad and iPhone. .
Yes. (P4 in
P4 10 Male 3 20/400 Uses Apple Yes Tabl (6 7
computer, Braille, able 6.7).
CCTV, Kindle.
Totall Uses iPad at school
blind r)llo with VoiceOver and
P5 9 Female 3 ) refreshable Braille Yes No
light .
ercention reader and Braille
P P Note.
6.5.2 Participants with Visual Impairments

| recruited five children (3 male) aged 5-10 with visual impairments through my contacts with

TVIs for a formative study (Table 6.6). Two of the children (P4, P5) used VoiceOver exclusively
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(P4 has some residual sight), one (P2) relied on sight and occasionally used VVoiceOver to explore
new blocks, and two children relied entirely on sight (P1, P3), holding the application close to their

faces to read.

6.5.3 Method

The children participated in one to four 60-90 minute sessions in which they programmed a Dash
robot [142] using an iPad running iOS 10.3.3.

In each session, | introduced them to the interfaces using cardboard cutouts with Braille and
large lettering to indicate the different application elements. For the first two sessions, the children
used two interfaces (counterbalanced between children) to complete four simple tasks for each
interface and then had free time to program the robot to do whatever they pleased. These tasks
were modeled after the tasks in the hour of code for the Dash robot [142], but were modified to
work for children with low-vision (e.g. “Have Dash drive forward, turn right and drive forward to

run into an obstacle”™).

In the first session, the children tried the two methods for moving blocks. Based on his age
and shorter attention span, P3 only participated in this first session. In the second session, |
introduced repeat loops, and the children used the two different methods for conveying program
structure. In this session, I had tasks that required repeat loops (e.g. “‘Have Dash drive in a square
using only one forward and one turn left block™). In the third or fourth sessions (depending on the
participant), [ introduced ‘if* statements, and the children used two different methods for accessing
type information. The two different methods for accessing type information were not
counterbalanced in these later sessions. P1 and P2 used the embedded typed blocks in session 3
and the audio-cue typed blocks in session 4, and P4 and P5 used both in session 3. In these later

sessions, | had tasks that required using different modifiers for repeat loops, drive blocks and
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conditionals (e.g. “Have Dash ‘Say Hi’ if he hears a sound”). As I was gathering usability
information about the interfaces and not testing how well the children understood the concepts, |
provided any verbal help the children needed to figure out how to accomplish the tasks in all of

the sessions.

6.5.4  Analysis

For each task, | video-recorded the children and evaluated the interfaces for usability issues. At
the end of each session, | asked for feedback on the different interfaces. In the final session, | asked
the children questions from the scales for interest/enjoyment, perceived competence and
effort/importance from Intrinsic Motivation Inventory to determine how engaged and motivated
they felt during the programming activities [81]. The questions were trivially changed to match
the tasks from the study (e.g. “I think I am pretty good at this activity” became “I think I am pretty
good at programming robots”). Based on the small number and wide range in ability and age of

participants, | report only summaries of my findings on the usability of the interfaces.

6.5.5  Findings

| report on the feedback from the formative study and interview, and the resulting changes to the

design of Blocks4All. | discuss the findings in terms of the accessibility problems from Chapter 5.

6.5.5.1 Accessing Output

| chose to use the Dash robot as the output for the programming tasks. All five of the children
greatly enjoyed using the robot, and three of the five children asked to be photographed with the
robot. All the children, even those with very little or no functional vision were able to hear the
robot and follow its movements by placing a hand on it. In order to make it clear to the children

when they successfully completed a task such as “Have Dash move in a square”, | created towers
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out of wooden blocks that the robot would knock down for each segment of the task (e.g. in each
corner of the square). All of the children thought this was quite fun. I did not explore any other
accessible programming outputs in the study, but parents of participants recommended adding the

option of recording or typing your own audio for the robot to speak in future prototypes.

6.5.5.2 Accessing Elements

To answer to the first part of BQ1: What touchscreen interactions can children with visual
impairments use to identify blocks and block types? | found that children in my study could access
blocks in my prototype application most easily when the blocks (1) were aligned along the bottom
of the screen, (2) were resizable, (3) were separated by white space, and (4) could be accessed with
both VoiceOver and through a keyboard. | elaborate on my findings below.

Initial Findings: All the children could focus on the blocks in Session 1; however, P5 had
difficulty selecting blocks using the standard double tap gesture with VoiceOver, so for later
sessions, she used a Bluetooth connected keyboard connected to the iPad to do the selection. The
keyboard was used with “Quick Navigation” on in conjunction with VoiceOver to focus on items
in the application using left and right arrows and to select items by using the up and down arrows

simultaneously [145].

None of the children with some vision (P1, P2, P3, and P4) used the zoom function on their
iPad to view the blocks, instead they relied on VVoiceOver or held the iPad within inches of their
faces. In my interview with the TV1, she reported that often children had difficulty using the zoom
feature because they had to switch between getting an overview of the application to focusing in
on an element. The children with some vision were all able to distinguish the icons for the different
blocks from one another. The parents of P1, P3 and P4 noted that their children were not able to

read 12-point size text on iPad, so they thought the icons were easier to use for their children.



124

Design Modifications: Based on the feedback of the children with some vision, | added high
contrast white space between the blocks in the toolbox and made the blocks resizable for all
participants after session 1. This allowed children with some sight to see the details on the blocks,

but still left the application layout the same so that they could get an overview of the program.

6.5.5.3 Moving Blocks

In answer to BQ2: What touchscreen interactions can children with visual impairments use to
build blocks programs? | explored multiple techniques to move blocks and found that (1) all the
children in my study could use the select, select, drop method, (2) none of the children could not
use the audio-guided drag and drop method with VVoiceOver and (3) all the children preferred first
choosing a block to move as opposed to a location to move it to when using the select, select, drop
method. | elaborate on my findings below.

Initial Findings: All of the children had difficulty with the audio-guided drag and drop
method. Neither of the children (P4, P5) that used VoiceOver could perform the VoiceOver-
modified drag and drop gesture. The children that relied on sight with the iPad held close to their
faces (P1, P3) found the drag and drop gesture difficult to perform as well, because moving the
iPad to see the blocks interfered with the gesture. The location-first select, select, drop method
worked well, and the children were able to complete all the tasks. However, P5 found that
switching to a new screen to select a block after selecting a location was confusing with
VoiceOver. In the post-session interviews, P2 and P4 expressed that they liked the idea of selecting
a block first and then a location (as in the drag and drop interface) better. Also, the TVI thought
that it would be better to have more of the items on the screen at the same time, so they are easier

to access with the item chooser.
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Design Modifications: | created a hybrid of the two methods: blocks-first select, select, drop,
where blocks are selected from the toolbox on the left side of the screen. Then the application
switches into “selection mode”, where the toolbox menu is replaced with information about the
selected block, and a location can be selected in the workspace. All the participants who
participated in two or more sessions (P1, P2, P4 and P5) used this method after session one and

stated that they preferred this “hybrid” method to either of the two original methods.

6.5.5.4 Conveying Program Structure

In answer to BQ3: What touchscreen interactions can children with visual impairments use to
understand the spatial structure of blocks program code? | found that children seemed to
understand program structure using both the spatial and audio representations | explored, and
all the participants who had an opinion preferred the spatial representation.

Initial Findings: The participants were able to understand both the spatial and audio
representations of the program structure for singly nested repeat loops in Session 2. P1, P2, P4,
and P5 could complete all tasks with both representations (P3 did not attempt to use either as he
only participated in the first session). However, it should be noted that these tasks were fairly
simple: they only involved one level of nesting and only involved repeat loops (e.g. “Have Dash
drive in a square” required them to put a drive forward and a turn left block inside a repeat block).
Both P1 and P4 preferred the spatial representation, and P4 noted that he did not pay attention to
the spearcons when using VoiceOver in the audio representation. The TVI noted that many blind
children use a spatial mental model to remember information, so she thought the spatial interface
would help with recall. P2 thought the spatial representation was easier to use, but he thought that
the audio presentation “looked nicer”. The spatial representation has the added benefit that it has

visual cues to better convey the structural information to children with some vision.
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Design Modifications: After the second session, | used the spatial representation to convey
program structure. | modified the order that VVoiceOver reads the blocks when swiping through the
elements in the page so that it focuses on the contained block first followed by the “Inside ”

blocks (e.g. “Drive Forward Block” followed by “Inside Repeat Two Times”).

6.5.5.5 Conveying Type Information

In answering the second part of BQ1: What touchscreen interactions can children with visual
impairments use to identify blocks and block types? I found that children were able to use both
methods to select blocks, but that the audio-cue typed blocks need better cues for children who
are not using VVoiceOver. And while the participants were able to build programs using the different
types of blocks, it is unclear whether they understood the type differences. | elaborate on these
findings below.

Initial Findings: All participants, other than P3 who did not participate past session 1, were
able to use both methods of selecting typed blocks. P2 and P5 had some difficulty scrolling through
the menus to select the embedded typed blocks, but both were able to do so after some practice. |
found that the children who used VoiceOver (P4, P5) with the audio-cue typed blocks had an
easier time determining where Boolean and number statements could fit, as they received the audio
cues from VoiceOver and could listen for it as they chose where to place the blocks. The children
who did not use VoiceOver (P1, P2) often tried to place the typed blocks in places where they
could not go (including an empty workspace), indicating that the visual cue was not enough.
Additionally, although the children found the number blocks in the toolbox, it took some trial and
error for them to find the Boolean type blocks, likely because they were less familiar with that
type. This was not a problem with the embedded typed blocks as the typed blocks were contained

inside the conditional and repeat blocks and were not in the toolbox.
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Design Modifications: Although it was more difficult for the children to grasp, | plan to use
the audio-cue typed blocks in the future, as this method allows for more flexibility in creating
blocks and programs and can more easily accommodate creating more complex statements.
However, | plan to add better visual and audio cues when VoiceOver is not on, such as highlighting
the blocks where a typed block will fit and using an error sound to indicate if a block cannot be

placed in a location.

6.5.5.6 Other Feedback

| received positive feedback on my interfaces. The children liked the all the interfaces: all five
reported that they thought the tasks were a 5 or “really fun” on a Likert fun scale after using each
interface. Using the Intrinsic Motivation Inventory with a 5-point Likert scale, participants rated
completing the tasks on the interfaces high on the scales for interest/enjoyment (4.71, SD=0.32),
perceived confidence (4.45, SD=0.44), and low for pressure/tension (2, SD=1.75). All the children

chose to continue playing with the interfaces after completing the tasks.

6.6 FINAL DESIGN

This section describes the design of Blocks4All after making the modifications described

previously.
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Figure 6.6. The categories in the final version of Blocks4All: sound, animals, drive, control, lights,

animation. An example block from each category is in the workspace.
6.6.1  Accessing Output

In the final version of Blocks4All, the application is still used to program the Dash robot, to do
tasks that would be perceivable by children with a wide range of visual impairments. The final
version contains six categories of blocks (Figure 6.6):

e Sound (example blocks: “Say Hi”, “Makes a confused noise”),

e Animals (example blocks: “Make a crocodile noise”, “Make a dinosaur noise”),

e Drive (example blocks: “Drive forward”, “Turn left”),

e Control (example blocks: “Repeat _ times”, “If ”),

e Lights (example block: “Turn on left ear light”),

e Animation (example blocks: “Dance”, “Wiggle™).
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Figure 6.7. Blocks in the workspace are resizable in the final version of Blocks4All. When a block is touched
in the workspace or toolbox with screen reader on, it announces the name, location and how to move the

block (see gray callout).

6.6.2  Accessing Elements

Accessing the blocks remained largely unchanged from the first version to the final version of the
Blocks4All design. Blocks use high-contrast white icons on a dark background to make it easier
for children with low-vision to use them. There is white space between the blocks in the toolbox
to make it easy to distinguish between the blocks, and the blocks are resizable in the final version
(Figure 6.7). When accessed with a screen reader, the blocks read the name of the block (e.g.
“Make crocodile noise”), followed by the location (e.g. “Workspace block 2 of 3), and how to
move it (“Double tap to move block”). The blocks are all located at the bottom of the screen to

make them easier to find without sight.
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Figure 6.8. Blocks are moved via blocks-first select, select, drop. (a) A block is first selected from the toolbox
via double tap, (b and c) the application then switches into “selection mode”, in which the toolbox menu is
replaced with information about the selected block, (¢ and d) when a location is selected in the workspace, the

block is moved there.
6.6.3  Moving Blocks

In the final design, blocks are moved via blocks-first select, select, drop. Blocks are selected from
the toolbox (either with or without the screen reader on) (Figure 6.8a). The application then
switches into “selection mode,” where the toolbox contains information about the selected block

(Figure 6.8b). In this mode, the user can place the block by selecting a location (Figure 6.8c).
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Make Lion Noise. Repeat.
Workspace block 1 of 4. Workspace block 2 of 4.
Double tap to move Double tap to move
block. block.
|
Make Dinosaur Noise.
3t Workspace block 3 of 4.
Double tap to move
block.
l |
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Inside Repeat. Workspace block 4 of 4.
Workspace block 3 of 4. Double tap to move
block.

Figure 6.9. Spatial representation of program structure. A repeat loop has an opening block (“repeat”)
with a modifier (“3 times”), inner blocks (“inside repeat”) and a closing block (“end repeat). Gray boxes

indicate what the screen reader reads for each block.
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6.6.4 Conveying Program Structure
In the final design, program structure is conveyed through spatial representation (Figure 6.9).
A nested statement is opened by the nesting block (e.g. “Repeat”), located directly above the
nesting block is any modifying block (e.g. “3 times”), then any nested blocks are located to the
right of the nesting block and are above an “inside” block (e.g. a block that readers “Make dinosaur
noise” is directly above one that reads “inside repeat” in
Figure 6.9). Finally, any nested statement ends with an “End” block (e.g. “End Repeat 3 times).
When swiping through the elements with VVoiceOver on, the blocks are read left to right and then

top to bottom.

iPad ¥ 7:66 PM % 52%

{ Back Control Menu

e >

Figure 6.10. A program containing the three types supported by Blocks4All: numbers, Booleans and

operations. There is an “If Dash hears a sound” block with a “Make lion noise” nested inside. This is followed
by a “Repeat 3 times” block with a nested “Make dinosaur noise” block inside. The orange triangle on the
bottom of the “hears a sound” block that matches the orange of the “if” statement, and the red rectangle on
the bottom of the “three times” block that matches the red “repeat” block. The “if” statements and conditions
make two short high-pitched notes when touched with VoiceOver on to indicate that they fit together. The

“repeat” blocks and numbers make two low-pitched notes.
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6.6.5 Conveying Type
In the final design, type is conveyed through both shape and color to benefit children with low-
vision and sound for children who use screen readers. There are three supported types in
Blocks4All: (1) numbers which modify repeat loops, (2) Booleans which modify if statements,
and (3) operations (Figure 6.10). The numbers have a red rectangle on the bottom of the block to
indicate that they fit in the red repeat block. They make two short low-pitched notes in the toolbox
which matches the low-pitched notes that the repeat blocks make to indicate they fit. The Boolean
conditions have an orange triangle at the bottom of the block to indicate they fit the orange “if”
statements. They make two short high-pitched notes, which match the sound that “if” statements

make.

6.7 EVALUATION

| ran an evaluation to determine the usability of the final design of Blocks4All. | was particularly
interested in whether the design allowed children with a wide range of visual impairments to
overcome the five accessibility challenges identified in Chapter 5: (1) access output, (2) access
elements, (3) move blocks, (4) understand program structure, and (5) understand type, so the
evaluation tasks were designed to test the participants on these aspects. | also particularly wanted
to test the application with more children who were primarily screen readers, and | was able to

recruit two more screen readers to evaluate the final application.

6.7.1 Method

The children participated in one 30-60 minute sessions in which they programmed a Dash robot

[142] using an iPad running i0S 10.3.3. If the participants were unfamiliar with Blocks4All (P23
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and P25), they were given an approximately 15-minute introduction to the interface, otherwise they
were given a five-minute review of the interface.

The children were then asked to complete four tasks on each of the interfaces. In Tasks 1 and
2, the participants were asked to build and then modify a blocks program, addressing if they could
(1) access output, (2) access elements, (3) move blocks and (5) understand type. Task 1 was a
simple task that consisted of placing three operation blocks in the workspace and then moving one
of them to a different place in the program. Task 2 was a more complex task in which the
participants created a program with a repeat statement that was nested inside of a conditional
statement with step by step instructions. In Tasks 3 and 4, participants were asked to describe the
program structure of an existing blocks program with nested statements, addressing if they could

(2) access elements, and (4) understand program structure.

Table 6.7. Participants in Blocks4All Evaluation Study. P,3 and P25 are given subscripts to distinguish
them from P3 and P5 of the formative study.

Used
Participant | Age | Gender Clai\;glcgd PreviousJechnoIogy Screen. Used Blocks4All
Vision se Reader_m Before
Evaluation
20/150, Lots of experience with Yes. (P1in Table
P1 8 Female difficulty screen readers, uses No 5.5and in Table
focusing iPads and tablets. 6.6).
Uses iPad at school as Yes. (P2 in Table
20/80- assistive technology .
P2 8 Male 20/100 Jevice with both No 5.5and in Table
VoiceOver and Zoom. 6.6).
Color and Uses an iPad almost
light daily for school work
perception | and homework. Uses the No, but also tried
P.3 10 Male butnoreal | iPad in conjunction with Yes Tickle Application
usable a refreshable Braille (P3in Table 5.5).
vision display for reading
digital books.
Uses VoiceOver on iPad
P4 10 Male 20/400 and iPhone. Uses Apple Ves Yes. (P4 in Table
computer, Braille, 6.6).
CCTV, Kindle.
No usable Use_s iPod touch for
P25 10 Female - music, computer and Yes No
vision .
BrailleNote.
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6.7.1.1 Participants

I worked with five children (3 male) aged 8-10 with visual impairments (Table 6.7). Three of the
children (P1, P2, P4) took part in the formative study for Blocks4All, which took place 5 months
before the start of the evaluative study. I use subscripts to distinguish between P23 and P25 who
participated in this study and P3 and P5 who participated in the formative study. The children were
recruited through my contacts with TVIs. Three of the children (P23, P4, P25) used VoiceOver
exclusively during the evaluation (P4 has some residual sight). The other children relied entirely
on sight. Of the participants that relied on sight, none used the magnification tool on the iPad.

Instead they chose to hold the application close to their faces to read.

6.7.1.2 Analysis

| measured the time it took to complete the task and (for Tasks 3 and 4) the accuracy in completing
the task. Accuracy was not computed for Tasks 1 and 2, as the children were able to complete all
the actions required for the tasks. For these two tasks, the participants received any verbal help
from the researcher that they needed to complete the tasks. | describe the help that they received
on Tasks 1 and 2 and report any on other usability problems that they encountered in the qualitative
findings.

For Tasks 3 and 4, children were asked to read out which blocks were in the workspace and
in what order. Accuracy was determined on a 7-point scale, using a string-matching algorithm.
Participants lost a point for each operation needed to convert their guess into the correct answer.
The operations were (1) insertion (they added a block that was not there), (2) deletion (they did
not find a block), (3) substitution (they thought one block was another, e.g. thinking a block was

a repeat 2 times block instead of a repeat 3 times block) and (4) transposition (they swapped the



136

order of two blocks). If participants made more than seven mistakes, they would receive a score
of 0. The 7 points corresponded to the 7 blocks in the workspace (including the “end” blocks for

both “if” and “repeat” statements).

At the end of the session, | asked children to rate the amount of fun they were having on a 5-
point Likert scale. | also asked them what they found hard or difficult about using the application.
Finally, | asked the children questions from the System Usability Scale [26]. The questions were
changed to match the terminology from the study (e.g. “I thought the system was easy to use”
became “I thought Blocks4All was easy to use™), and | elaborated on the some of the wording if
the children found it difficult to understand (e.g. “I found Blocks4All very cumbersome to use,”

cumbersome became “awkward” or “took a lot of work to use.”)

Table 6.8. Time (Minutes: Seconds) to Complete Tasks in Blocks4All

Participant T1 T2 T3 T4
P1 2:03 6:04 0:13 0:30
P2 1:26 6:46 0:19 0:26
P23 7:41 4:58 0:56 0:46
P4 3:30 4:47 0:25 0:42
P.5 6:26 10:58 1:10 2:21

6.7.2  Quantitative Findings

6.7.2.1 Time to Complete Tasks

| found that all the participants were able to complete each of the tasks in under 11 minutes per
task (Table 6.8). It should be noted that participants did not stay completely on task for many of
the tasks, and I did not actively discourage them from taking detours if they were excited to
discover what a particular block did. This meant that they often added extra blocks to the
workspace even if it was not part of the task or pressed play multiple times if they thought the task

was funny. | considered Tasks 1 and 2 (the build and modification tasks) to be “finished” after
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they had successfully added and moved the blocks that were listed as part of the program and then
then removed them all from the workspace. | considered Tasks 3 and 4 (the understanding tasks)
to be “finished” after the children had finished reading the program, and after they had answered
any follow-up questions needed to clarify their answer (i.e. if they did not answer how many times

a repeat loop repeated, | asked them).

6.7.2.2 Accuracy on Tasks

All the children were able to accurately read what blocks were in the workspace for Task 3 (i.e.
received a score of 7). In Task 4, both P1 and P4 made the same mistake and received a score of 6
(all other participants received a score of 7). They thought that the “Say Cool” block would be
repeated twice, although it was placed outside the repeat loop and inside the conditional.

Interestingly, P4 used a screen reader during the evaluation, and P1 used her sight.

Table 6.9. Response to the System Usability Scale. 5-Point Likert scale (1 is strongly agree, 5 is strongly
disagree). The overall score was calculated by subtracting the odd-numbered response from 5 and

subtracting 1 from the even-numbered responses and then multiplying by 2.5).

Pl P2 P:3 P4 P55

I think that I would like to use Blocks4All frequently. 1 2 1 2 2

I found Blocks4All unnecessarily complex. 5 4 4 4 4

I thought Blocks4All was easy to use. 1 2 1 2 3

I think that I would need the support of a technical person to be able to use Blocks4All 4 = 3 | 5 4 5
I found the various functions in Blocks4All were well integrated. 1 1 1 2 2

I thought there was too much inconsistency in Blocks4All. (unexpected) 5 5 5 3 4

I would imagine that most people would learn to use Blocks4All very quickly. 3 1 1 2 3
I found Blocks4All very cumbersome to use. (awkward) 5 5 5 4 4

| felt very confident using Blocks4All 1 3 1 2 2

I needed to learn a lot of things before | could get going with Blocks4All. 5 5 5 3 5
Overall Score 92.5 825975 70 75
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6.7.2.3 Post-Session Interview
In the post-session interview, the participants gave the interface the average score of 83.5 on the
System Usability Scale. This indicates that they found the system to be usable, as any score above

80 ranks in the top 10% of scores (Table 6.9) [190].

6.7.3  Qualitative Findings

| describe the verbal assistance the participants needed to complete Tasks 1 and 2 and report on
other usability problems. | describe the findings in terms of the five accessibility barriers from

Chapter 5.

6.7.3.1 Accessing Output

All of the children were able to access the robot output. Many of the children used the robot to
debug their programs. For example, P1 noticed that she placed the “dance” block outside of the
repeat loop when she meant to place it inside, after running the robot and noticing that he only

danced once on Task 2. She then made the change to the program.

6.7.3.2 Accessing Elements

All of the children were able to access the elements. If they had low-vision, they were able to
distinguish the blocks from one another, although they were not always sure what the icons meant
(although they could find out by getting the robot to perform the action). All of the children who
used screen readers were able to find and hear the blocks in the workspace and the toolbox.
However, P23 had to be reminded to check at the bottom of the screen for blocks that were in the
workspace in Task 1. He had no more problems with this after the first reminder. P25 had to be
reminded where the “back’ button was to access the rest of the toolbox in the first step of Task 1.

She was able to access this button for the rest of the session without problems.
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6.7.3.3 Moving Elements

All of the participants were able to move blocks from the toolbox to the workspace and within the
workspace. They were also all able to clear the workspace by placing blocks in the trash. One
usability issue that came up is that everything inside a repeat loop is moved with the repeat loop.
This is not communicated well with the screen reader. Both P1 and P25 were surprised when they

accidentally threw out everything inside a repeat loop when discarding the repeat loop.

6.7.3.4 Conveying Program Structure

The participants were able to describe the program structure of existing programs in Tasks 3
and 4. However, two participants, P1 and P4, were incorrect about the nesting level of a block in
Task 3. P1 did not use a screen reader and P4 did. Both participants seemed to understand their
mistake after running the program on Dash. P4 noted “Oh, so he only said cool once.” When asked
why, he replied "cause it's lower...it can't actually be there (inside repeat two times) because there's
a space there. It's inside the if." P1 and P25 also needed help in building up the complex program
structure in Task 2, in particular they needed making sure that things they wanted to be repeated

were inside the repeat loops.

6.7.3.5 Conveying Type

All of the participants needed extra coaching on Task 2 when building a program that used the
Boolean type for a conditional statement and the Number type for a repeat statement. The
conditional statements seemed to be the most confusing. For all the participants in Task 2, | walked
them through adding an “if” statement to the workspace and what the default condition (“false™)
meant (highlighting a problem with audio interfaces, P25 thought it was “falls”). | then walked

them though adding the “hear voice” condition and the rest of the task.
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Some participants also had trouble in Task 2 with creating repeat loops. When asked to make
something repeat 3 times, both P23 and P4 tried to add a 3 times block without having a repeat
block inside the workspace. Participants also had some trouble finding the Boolean conditions that
would fit inside the conditional statement. Both P1 and P2 (not screen reader users) had to be
reminded to look for the golden triangle at the bottom of the condition. It was unclear if the sound
effects helped the screen reader users to find the conditions. This was reflected in their comments
about what was difficult about the interface at the end of the session. P2 noted, “I don't really like
the conditions. | don't think they are that fun to use. They are fun sometimes, but they are not fun
all the time.” And P25 said, “Changing condition was kind of hard. It was kind of hard to find the

condition that you wanted I knew what [ wanted to do. It was just hard to do.”

6.7.3.6  Post Session Interview

All of the children had positive things to say about the application in the post-session interview,
and they all reported that they thought the tasks were a 5 or “really fun” on a Likert fun scale.
When P1 was asked about her favorite part, she said “"Everything." And when asked can you
narrow it down? She replied, "No cause it's true I liked everything.” When asked about his favorite
part, P2 said, “I like the driving. I kind of like that it's a little puzzle.” P23 said, “It was a little
complicated but not too much. It wasn't overwhelming, and it was really fun too. It was really fun.
| really enjoyed programming. It was interesting to figure out how the repeat loops and stuff
worked and how you could move the blocks.” P25 said, “It's really, really cool, I think more people

should get to play with it.”
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6.7.4  Discussion
| found the two quantitative measures from my evaluative study, time and accuracy, were not the
most descriptive measures for this type of study. The children often wanted to play around with
the interface while doing tasks, meaning that the time measured was not always reflective of the
time it would take them to do the tasks. Also, | did not want children to be discouraged while
performing the tasks as this was their first introduction to programming, so | provided hints to
support the Tasks 1 and 2, which made it difficult to report on accuracy. | found that most of the
participants did not need hints on Task 1 (creating and modifying a simple sequential program)
but did need hints on Task 2 (creating and modifying a program that had a conditional block and
a repeat loop). Task 2 was a much more difficult task and most of the confusion was around the
conditional statements. This was true even for the three participants who had encountered
conditional statements before (P1, P2, P4). This confusion may simply be an artifact of the
complexity of these types of statements or the fact that | did not explain conditionals well, but it
remains to be seen if a better non-visual metaphor can be found to replace the puzzle-piece
metaphor of traditional block-based environments.

For the most part, participants were able to describe the program structure of existing
programs. However, the tasks did not involve blocks that were nested more than two blocks high.
It is possible that more complex programs would have made it more challenging for participants
to find the blocks with the screen reader. Also, the participants were only asked to describe what
the blocks were in the workspace, so they did not necessarily show that they understood what a
program would do. | found that the children were able to independently physically interact with
the application; however, for the more complicated programming concepts (repeat and conditional

statements) they needed explicit verbal instructions to construct the programs.
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There are also a number of limitations to my study and evaluation of the environment
(limitations of this study are discussed further in Section 6.6). | did not do a comparison to other
interfaces in my study as | could not find an accessible environment that was usable by this
population. Because of this, many of my findings (especially around enjoyment) might be about
the Dash robot and certainly my findings about the usability of the interface may be specific to the
language that I created and the way that | taught it. | found that the children were able to understand
a simple hierarchical structure using the spatial layout and audio feedback describing the position
of the blocks. This could generalize to understanding a (shallow) abstract syntax tree, (AST) and
therefore more broadly to other programming languages. The interaction technique of building the
AST using the toolbox to select, select and drop a node in the AST (similar to other block-based
editors) could be universally applied to any programming language, and currently the same
interaction is used to build expressions, although the programming language used in Blocks4All
does not currently support complex expressions. One area that |1 have not explored, and which
limits the expressiveness of Blocks4All is there is no way to input data, assign variables or create
functions. It would be interesting to explore how to do this well in a non-visual manner for children

who have not yet learned to type; perhaps through speech or gestures.

6.8 DESIGN GUIDELINES

Based on these studies, | distill design guidelines for designers to make both block-based
environments and touchscreen applications usable by children with visual impairments. In
particular, 1 focus on guidelines to make applications more usable by both children with low-vision

and children who are blind, as the former are largely understudied.
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6.8.1 Make Items Easily Locatable and Viewable on Screen
In agreement with previous work [126], | found that the children in my study with low-vision did
not like to use the zoom function, as it made it harder to interact with items and occluded other
elements in the application. Based on feedback from early sessions, | made the blocks resizable
instead, so children could see the blocks without occluding other parts of the application.

I found it was important to locate elements close to the edge of the screen, so they could be
found without vision, as the participants found it difficult to navigate “floating” segments of code.
Kane et al. [58] followed a similar guideline when designing interactions for large touch interfaces,
and | found it equally important for a standard-size iPad. | recommend making elements resizable

and high contrast and locating elements close to the edge of the screen to make them findable.

6.8.2 Reduce the Number of Items on Screen

Simple interfaces are easier to use for children in general, and | found it was especially important
to reduce the number of focusable items on the screen for both the visual and audio interfaces. For
children with low-vision, having fewer items on the screen made it easier to identify and remember
what the different elements were, and for children who were blind, having fewer items made it
harder to “get lost” while navigating with VoiceOver. However, | found it was important to not
have multiple screens needed to perform an interaction. For example, in the location-first select,
select, drop method used in the formative evaluation, some children found it difficult to switch
between screens to select blocks, and having multiple screens makes it more challenging for

VoiceOver users to use the search feature.
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6.8.3 Provide Alternatives to Drag and Drop

| found that it is important to provide alternatives to drag and drop. Children were not able to use
VoiceOver to perform an audio-guided drag and drop, and | also found that children with low-
vision had difficulty with drag and drop. They held the iPads close to their faces, making it difficult
to both drag the block and see what was going on. To the best of my knowledge, this is a novel
finding, although it aligns well with work by Szpiro et al. [126] who found that adults with low-
vision preferred to move closer to screens instead of using zoom functions. Drag and drop could
also pose difficulties for children with motor impairments. | found that select, select, drop worked
well instead, but it was important to make it clear non-visually that the application had switched
to a “selection” mode and to make it clear what the currently selected item was. Select, select drop
has the added benefit that it works well with Switch Control, making it usable by children with

motor impairments. Blocks4All is accessible with Switch Control on the iPad.

6.8.4  Convey Information in Multiple Ways

In designing an application that can be used by children with a wide range of visual impairments,
it is essential to convey information in multiple ways. Using spatial layouts with both visual and
audio cues helped all of the children understand program structure. | also found that when 1 did
not provide enough visual cues (e.g. cues about where audio-cue typed blocks fit with VVoiceOver
off), the children had difficulty using the application. Other approaches to making block-based
programming environments accessible to children with visual impairments (Accessible Blockly
[44] and work at the University of Colorado, Boulder [68,71]), have focused on creating an
interface that works well with a screen reader, but without many visual elements. These interfaces

would be less appealing and likely more difficult to use for children with some vision.
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Dash, the talking robot I used in my study, was very popular with all of the participants and
is accessible for children who are blind, have low-vision or are sighted. This is in contrast to most
current applications that use block-based programming, which rely heavily on visual output for
programming tasks (e.g. programming the avatars in Scratch or ScratchJr [38,78]). In the future, |
believe designers should consider how to incorporate more physical and auditory output for
programming tasks, which would make their applications more broadly appealing, and which is

particularly important for children with visual impairments.

6.8.5  Design for Collaboration

Although | planned to do the design and evaluation sessions with only one child at a time, | found
that often the children wanted to play with the application simultaneously with other participants.
In particular, P1 and P2 participated in the sessions in the same house and at the end of each session
would build (usually very large) programs together. Additionally, both P23 and P4 had younger
brothers who were sighted that attended the sessions. They would often join in after the session
was through to build massive programs. Other block-based programming environments [38] are
designed to allow for collaboration, and it is important to design environments for children with
visual impairments that can be used collaboratively with sighted peers to ensure these children are
fully included and develop necessary teamwork skills. One advantage to using a mainstream
touchscreen device is that it is an interface that can be used by both children who are sighted and

those who are blind.

6.9 LIMITATIONS

There are several limitations of my studies. Because of the difficulty in recruiting from this

population, I had a small number of participants, with a wide range of ages and abilities, making
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it difficult to make comparisons between participants. In the formative study, | explored only a
small number of design possibilities to make these environments accessible and were constrained
by my desire to only make changes that could be adopted by all designers of block-based
environments. In my evaluation, | did not measure learning outcomes, but focused on the usability
of the interfaces. Many of the children who participated in the evaluative study had also
participated in the formative studies. In both studies, | provided verbal direction and hints to the
children when creating and modifying programs. So, while the children were physically
independently accessing the program, it remains to be seen if they could fully access the programs
without adult help. Additionally, most of my measures were self-reported responses by the
children, and it has been shown that participants, especially those with disabilities, artificially

report positively in user studies in order to please the researcher [132].

6.10 FUTURE WORK

There are still open questions | would like to explore: how to navigate more complicated
hierarchies of nested code, how to accommodate multiple “threads” of program code, and how to
best incorporate speech-based commands or other gestures. There is also a lot of room to explore
different modes of output for these programs: incorporating music, storytelling or the different

sensors such as the gyroscope or microphone on the smart device.

6.11 SUMMARY

| conducted an evaluation of current block-based environments and found five accessibility
challenges. | designed multiple techniques to overcome these challenges and conducted a
formative study to evaluate these techniques with five children with visual impairments. I distilled

the findings from this study into a final design, which | evaluated with five children with visual
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impairments, who were able to write and describe programs. | found that the children enjoyed
interacting with Blocks4All and were able to physically independently interact with the
applications, although they needed verbal instruction to create complex programs. Based on these
studies, | provide a set of design guidelines and novel interaction touchscreen techniques;
including (1) evidence that the drag and drop interaction (even with audio guidance) is not
accessible for many children with low vision as well as those who are blind, and an accessible
alternative in select, select, drop with a “selection mode” that allows children to reference what
has been selected and which gives verbal and sound guidance on where items can be placed, and
(2) evidence that children with visual impairments can understand and build a hierarchical
structure (such as a block-based program) based on audio feedback on the spatial location of blocks
that are built-up from the bottom of the screen. The contributions from these studies are the
Blocks4All environment and design guidelines for designing block-based environments for

children with visual impairments.
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Chapter 7. CONTRIBUTIONS AND FUTURE WORK

In this chapter, I discuss how my work supports my thesis statement and limitations of my work.

Finally, I discuss future directions for this research and broader implications of my thesis.

SUPPORT OF THESIS STATEMENT

I made the following thesis claims:

Children with visual impairments use mainstream touchscreen devices for learning in a
variety of ways, despite having to overcome accessibility challenges in order to use them. In the
context of block-based programming environments, these challenges include a reliance on visual
metaphors and gesture-based interactions that do not interface well with the screen reader. To
improve access to learning technologies on these devices, we can design applications that (1) use
the spatial information afforded by the touchscreen to help children understand structural
information such as the layout of a Braille cell or the structure of program code, and (2) use the
visual, haptic and audio feedback of these devices to engage children and allow them to use these

applications independently.

My work in Chapter 3 supports the first claim that children with visual impairments use
mainstream touchscreen devices for learning in a variety of ways, despite having to overcome
accessibility challenges in order to use them. In interviews with teachers, | found that children with
visual impairments use touchscreens in a variety of contexts. Children with low-vision use the
camera as magnification aid to make in-world information more accessible and also use the
accessibility features on the device to access educational applications. Children who are blind often

learn to use touchscreen devices earlier than traditional computers, and this is often their first
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introduction to screen readers. However, when using these devices, the children have to overcome

usability problems and their own fear of standing out.

My work in Chapter 5 supports the second claim that in the context of block-based
programming environments, these challenges include a reliance on visual metaphors and gesture-
based interactions that do not interface well with the screen reader. | did an evaluation of 26 block-
based programming environments. | found that most of the environments relied on the drag and
drop gesture, which was difficult if not impossible to use with a screen reader, and on visual
metaphors to convey type information and program structure, which were not accessible without

sight.

My work in Chapters 4 and 6 supports the third claim that to improve access to learning
technologies on these devices, we can design applications that (1) use the spatial information
afforded by the touchscreen to help children understand structural information such as the layout
of a Braille cell or the structure of program code, and (2) use the visual, haptic and audio feedback
of these devices to engage children and allow them to use these applications independently. To
support this claim, | built the BraillePlay games and the Blocks4All environment. With one
exception, the children were able to use both applications independently. They were also able to
understand the structural information that was presented spatially on the touchscreen. With the
BraillePlay games, this took the form of the touchscreen being split into six regions to represent
the six dots that can make up a Braille character. With Blocks4All, this took the form of the
program structure being conveyed through the spatial layout of the blocks on the bottom of the
screen. With the BraillePlay games, the children reported that they enjoyed using the games and

in interviews | found they were excited to have a Braille-based game that they could play on a
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smartphone. With the Blocks4All environment, the children reported that they enjoyed

programming and using the application.

7.1  IMPLICATIONS FOR DESIGN

In designing the two touchscreen-based learning technologies and evaluating them with children
with visual impairments, | started the designs with a number of guiding principles. I also developed
a number of design guidelines that | found particularly important in working with this population

based on insights from my studies. | outline these guidelines below.

7.1.1.1 Design for Mainstream Technology

Previous work has found that there is often a stigma associated with assistive technologies [115]
and in my interviews with TVIs, | found that many children, especially those with some usable
vision, did not want to use specialized assistive technologies. They felt that using specialized
technologies made them stand out, so they preferred to use mainstream technologies. In my
evaluations for Blocks4All and BraillePlay, | found that children and parents were excited about
practicing these skills on a smartphone or iPad. Designing for a mainstream device, such as an
iPad or smartphone, has the added benefit that the device is usable by children both with and

without vision, so it is possible to use the applications collaboratively.

7.1.1.2 Design for Collaborative Play

In my evaluations for both BraillePlay and Blocks4All, 1 found that sighted siblings and parents
wanted to play the games as well. As learning to work and play collaboratively is an important
skill for children to develop and helps children to learn [69], it is important to design learning
technologies that support this. In the BraillePlay study, 1 only designed one game, VBGhost,

specifically as a multiplayer game, but found in the post-study interviews that parents and siblings
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took turns and played the other games with the participants. In designing the Blocks4All

environment, | designed an environment that would allow for more collaborative play. This meant
that I conveyed information (such as the type of block or the program structure) though both vision
and audio and made an environment that could be used both with and without a screen reader. In
my evaluation, although I planned to work with only one child at a time, | found that children often
wanted to play the games simultaneously and would build programs together during the free play
time. This guideline is in line with recent work on creating collaborative learning environments to
support children who are neurodiverse [118] and who have visual impairments [129]. However, it
is worth emphasizing, as often researchers explore creating separate interfaces when designing

learning technologies for children with disabilities.

7.1.1.3 Convey Information in Multiple Ways
| found in the interviews with the TVIs, as well as during the evaluation of my applications, that it
is important to design applications for children with visual impairments that convey information
in as many ways as possible: visually, tactilely, and aurally. Conveying information in multiple
ways supports children with low-vision who prefer to use their sight, children with additional
disabilities (such as deafness or motor impairments) and allows children with a wide range of
vision to use the applications collaboratively. In my interviews with TVIs, | also found that
applications that support both children with low-vision and those who are completely blind can be
important tools to use with children who have degenerative conditions. The teachers found that
tools like Fusion, which combines the JAWS screen reader with ZoomText, were more acceptable
to students who were losing their vision and had associated emotional distress.

The majority of children with visual impairments have some usable vision[6]. | found during

my studies that if children have vision they prefer to use it. This means that when designing an
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application for children with visual impairments it is important to incorporate visual information
as well as audio information. To fully accommodate children with low-vision, | designed both
Blocks4All and the BraillePlay games with high contrast colors and large, clear shapes as well as

with audio cues.

Finally, as many children with visual impairments have additional disabilities [6], it is
important to design technologies that convey information in such a way that it is accessible for
them. | tried to keep this in mind when designing both the BraillePlay games and the Blocks4All
environment. As noted in Chapter 4, the VBraille interface used in the BraillePlay games is
accessible to a child who is deaf-blind. Additionally, the dots can be raised or lowered using a
keyboard as well as with gestures to support children with motor impairments. Additionally, the
Blocks4All environment works with Switch Access on the iPad, so it is accessible for children

with motor impairments who use switches.

7.1.1.4 Provide Alternatives to Gestures

In my evaluations of BraillePlay and Blocks4All and in my interviews with TVIs, | found that
many children had a challenging time using gestures on a touchscreen. In the BraillePlay games,
some children had difficulty with the two-finger swipe to enter letters. In Blocks4All, even
children with some vision had difficulty with the drag and drop gesture, and none of the children
were able to successfully use the gesture with VVoiceOver on. Because of this, the final design of
Blocks4All used select, select drop instead. Some children also had difficulty with some of the
more basic gestures. One child in the formative studies had difficulty with the timing of double
tap (so | ended up using a Bluetooth keyboard), and a teacher in my interviews in Chapter 3 noted
that one of her students had similar trouble with double tap and accessing the rotor. Notably, only

one child in the Blocks4All study was familiar with the rotor gesture. As Apple’s version of select,
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select drop relies on the rotor, this might indicate it should not be relied upon in applications
developed for children.

The finding that children often have difficulty with gestures is not new, as previous studies
have found it to be true with sighted children [29], but it is especially important to keep in mind
with this population. In designing for blind adults, it can be very useful to rely on gestures as an
input mechanism as sight is not required to make a gesture [60,73]. However, | have found that in
designing for blind children, gestures should be used sparingly, and a keyboard work-around

should be available to replace any gesture.

7.2 LIMITATIONS

There are a number of limitations in the studies on the design and evaluation of Blocks4All and
the BraillePlay games. In both studies, as well as the interviews described in Chapter 3, there was
a small sample size and a wide variation in the abilities of children, some of whom had additional
disabilities. These limitations are reflective of both the small population of academic Braille
readers in primary and secondary schools (approximately 6,000 in the United States), and the
diversity of the population of children with visual impairments [6]. Additionally, in all of my
studies, most of the subjects were recruited online through email lists and social media posts. This
means that the children are more likely to come from families that are fluent in technology.

In both of my studies, I did not measure learning outcomes even though | was evaluating
learning technologies. This was partially due to the small and heterogenous set of participants. |
also did not do any comparisons to existing interfaces, as | could not find suitable ones for either
learning Braille on the smartphone or learning block-based programming. Instead | focused on

how measuring how usable the interfaces were. Many of my quantitative measures were self-
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reported responses by the children, and though | emphasized that | wanted honest feedback, it is

likely that the children responded positively to please the researcher [33,132].

7.3 FUTURE WORK

In my dissertation research, | designed and evaluated novel touchscreen-based learning
technologies for children with visual impairments. In doing this research, | found many

opportunities for future research, and I highlight a few areas below.

7.3.1  How Children with Visual Impairments Use Technology

In outlining my interviews with TVIs and descriptions of how children in my user studies
interacted with my prototypes, | have presented preliminary work in getting an understanding of
how children with visual impairments use technology. However, considering the last survey into
how these children are using technology was concluded in 2008 [157], this is an area that needs
updated study. I am in the process of distributing a survey to parents to get a better idea of how
children are using technology in the home. I also plan to interview children to see how they interact

with existing technology.

7.3.2  Designing for Collaboration

| found in the evaluations for both the Blocks4All environment and the BraillePlay games that
sighted siblings wanted to collaborate and play as well as the participants of the study. Although
some researchers have begun to design interfaces that can be used by collaboratively by children
both with and without visual impairments [129]; oftentimes, interfaces for children with visual

impairments are designed as separate interfaces (e.g. Accessible Blockly). In the future, more
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research is needed on designing interactions to ensure that children with visual impairments are

able to access the same technologies as their sighted peers.

7.3.3  The Value of Spatial Representation

Both Blocks4All and the BraillePlay games presented information spatially with the touchscreen.
This seemed to help with understanding, and the children indicated in post-session interviews that
they understood the spatial information presented on the touchscreen. As tactile tools are so
important for this population, it would be interesting to directly measure how important this spatial
representation is for understanding when you do not have vision. While Giudice et al. [41] found
that adults with visual impairments could understand certain types of information such as bar
graphs and shapes on a vibro-audio tablet interface, it would be interesting to see if this translates
to more complex hierarchical information. This could be explored in terms of the work presented
in this thesis: as an explicit comparison in program understanding between a Blocks4All interface
that is navigated spatially via touch and one that is navigated “pseudo-spatially” via a keyboard.
However, | believe this could also be explored more broadly outside of block-based environments
and would be useful to inform future work in designing touchscreen applications for children with

visual impairments.

7.3.4 More Complex Accessible Block-Based Programming

While the work on Blocks4All is a start at making block-based environments accessible via a
screen reader, there are still a number of open questions that must be answered in order to make
all of the features of existing block-based environments accessible. One such question is how to
accommodate multiple “threads” of program code, as the Blocks4 All environment only allows for

a single thread along the bottom of the screen. Another is how to navigate more complicated
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hierarchies of nested code (for example conditionals that take multiple Boolean statements or
operators). There are also open questions about improving the usability of the interface for people
with visual impairments: how we can best integrate other means of input such as speech-based
commands or gestures? Finally, there is a lot of room to explore different modes of non-visual
output for these programs: are there ways to incorporate the sensors, audio and haptic output of

these smart devices to make programming challenges that are fun with or without vision?

7.4 CONCLUDING REMARKS

In this dissertation, | describe my work to create touchscreen-based learning technologies for
children with visual impairments. Through my research, |1 found that mobile devices with
touchscreens are a powerful tool to create these technologies because they allow one to convey
information through multiple modalities: spatial information can be conveyed via touch and audio,
and visual, haptic and audio feedback can be used to provide more information. Additionally, I
found using mainstream devices reduced stigma that might be associated with using traditional
assistive technology and made it easier for children with visual impairments to collaborate with
sighted peers and siblings.

However, | found that there is a need to improve existing learning technologies on these
devices, as many of them are not accessible. The two pieces of learning technology that | created
are only small part of what is needed. Ideally, the design outlines | provide and the interactions |
explored can be used to make existing literacy and programming applications more accessible, so
that blind children can have access to some of the rich curriculum that has been created around
literacy and programming. In particular | found that when designing for children with visual
impairments, designers need to provide alternatives to gestures. As most prior work on touchscreen

accessibility for visual impairments has been done with adults and screen readers can rely heavily
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on gestures because they can be used without sight, this is an important novel consideration.
Additionally, | found that it is important to convey information in multiple ways, including
visually, as most children with visual impairments have some sight. Many of the existing
accessible learning technologies for children with visual impairments have bare-bones visual
interfaces making them less appealing and potentially less usable for many children with visual
impairments. | have found that there is a great need for future work in this area: both exploring
how children with visual impairments are using technology and in creating and improving learning

technologies, such as block-based programming environments.
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APPENDIX A

Interview Script for TVIs on Technology Use by Children with Visual Impairments

Pre-Interview
Thank you for agreeing to talk with us today. You should have received the consent form with
information about this study via email. Before we begin, do you have any question?

Is it all right if I record this interview?
START RECORDING

Introduction
e Can you tell me about your role working with visually impaired children?
o What ages are the children you work with?
o What types of school are you working in?
o How often do you meet with each of your students?
e When you start working with your students, what experience with technology have they
typically already had?
e What mainstream devices do you teach?
o Desktop/laptop computers
o Mobile Devices
= Android/Apple
e What sort of programs do you teach them to use (word processors, email, educational
games, etc...)
o What assistive technologies do you teach? How proficient do you feel at each one?
o Screen readers? Which ones?
o Magnification (software and hardware: zoom, dynamic text resizing)
= differences mainstream (ctrl +, vs those under accessibility menu: i0OS
zoom, Windows magnifier)
o Peripherals (Braille displays, Braille notetakers, external QWERTY keyboard)
o Color contrast
o Switch access
e What kind of problems do you encounter with the AT? How well integrated are they with
the rest of the technology and websites that your students use in school?
o Are there ever cases where a VI child uses a different technology (either app or
hardware) than their non-V1 peers in class?
= |If so, how are you or the teacher finding the alternative?
= How commonly does this occur?

How they use assistive tech
e Can you describe the process for determining what assistive technology a student needs?
What are the main factors affecting your decision?
e Ifachild’s needs will change over time (e.g. they have a degenerative condition), how do
you determine when to introduce the technologies needed for when their vision worsens?
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e What interaction do you have with the parents and what role do you expect them to have
in a student’s learning of assistive technology?

e When the class is using technology (iPads, computers, etc.) and you are not working with
the student at that time, what kind of support is the student able to receive from their
instructor?

Barriers
e Are there times when your students choose not to use AT?
o What factors do you believe influence their decision not to use AT?
o Have you noticed any differences between students with low-vision vs those who
are blind?

e How do your student’s peers react to their use of AT?

o Does your student ever collaboratively share their devices with a non-V1 peer? How do
they manage their needs for AT when collaborating with the peer?

e What do you think is the biggest challenge you encounter in trying to get students to use
assistive technology?

Wrap up:

e Is there any other information that would be useful for us to know about children with

visual impairments technology use?

Thank you for your time. | am going to stop the recording and then I will collect your
information for the gift card.
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APPENDIX B
Code Book for Analysis of TVI Interviews on Technology Use by Children with Visual
Impairments
Code Descriptions Examples

Preference towards Mainstream
Pref MT/MT+ technologies

Preference towards Assistive
Pref AT/AT+ Technologies

Repurposing Mainstream

Repurpose Technologies for AT Using camera to zoom
District uses Chromebook, so VI students use
Match Matching technology of peers Chromebook

Comparing keyboard commands to ctrl+ and saying
Make access methods seem more other students will want to learn, take a picture of

AT->MT mainstream the board so they don't have to take notes
Company says product accessible, but users find its
exp- Unmet expectations not
if Bruce from WSSB if he says they’re accessible. it
exp+ Met expectations is. he doesn’t mislead us.
resist Resistance to technology Resistant to type, prefer dictation
motivation General motivation / fun No fun games to teach typing skills
restrict Restrictions in technology School only teaches apple, not android
Mentions of options being Braille notetakers 6,000 dollars, if break can't just
Cost expensive buy a new one
Identity+ Pride in identity - Proud can do something others can't
Using AT that won't be noticed, not accepting that
Identity- Not accepting or hiding disability  blind or that vision will worsen

TechSupport+ Support using tech
Lack of support in using tech/not

TechSupport- trained Teachers don't know, so can't help
Preference to what they already
Familiarity know

don't have access to devices (e.g. don't have cell
Access- Lack of access phone)
Usability+ Usable

problems, bug with software, not well integrated,
challenges in understanding (hard to get context and

Usability- Not Usable focus with magnifier)
TVI spends lots of time with kid
Support+ (non-tech related support)

TVI spends little time with kid (non-
Support- tech related support)



Able to collaborate with other

Collaboration+ peers

Collaboration-
Strategy

DreamTech
MultipleDis

dominant
parent+

parent-

skill+
skill-

ability

framing

layer

exploration

Not able to collaborate

Strategies for learning/using
technology

Technology the TVI wishes was
around
multiple disabilities

The dominant technology

parents support kids learning of
tech

parents can't/don't support kids
learning of tech
having the expected skills

not having the expected skills or
learning bad habits

academic ability

TVI presents the technology in a
specific way to motivation kids to
use the technology

extra steps to learn non-tech
concept

learning technologies on own

174

JAWS is most commonly used

A kid going to college will focus on tech needs for
college

TVI telling kid using fusion, not mentioning JAWS
even though it's the combo of JAWS and ZoomText
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APPENDIX C

BraillePlay Preliminary Survey

This survey is intended to be completed by the parent(s) of a blind child aged 5 to 12 years old
who would like to participate in the study of how V-Braille mobile applications can be used by
blind children to learn Braille.

As a participant, your child will be asked to use simple Braille-learning applications on a smart
phone during a one-month time period. (Smart phones with these applications already installed
will be provided to participants for use during the study.) The applications let the child practice
reading and writing Braille. They use vibration to represent Braille letters and use text-to-speech
technology to provide verbal responses to the child's interactions with the phone's touchscreen.
Participants are asked to interact with the applications for at least 30 minutes (combined time) a
minimum of four times a week. So, the expected minimum time commitment is two hours per
week. While we encourage participants to use the applications as much as possible, ultimately,
how often and how long your child uses the applications is completely up to your child.

Non-personal information about how your child uses the applications (e.g., how long (s)he
played, what patterns of dots were touched on the screen, the accuracy of your child's attempts to
write Braille letters, etc.) will be recorded on the phone's SD card and sent to the project team for
analysis. This information is used to determine which aspects of these applications work well for
teaching Braille to children and which aspects of the applications need to be improved. Parents
of participants are asked to supervise their children when they are using the applications
(particularly for younger children). Parents are welcome to try out the applications themselves,
although if they do so, they are asked to use "non-logging" versions of the applications that will
not record the parent's usage results. (For the success of the project, the recorded information
needs to be representative of children's usage only.)

Thank you,
The V-Braille Project Team
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Please provide the following information about the Parent(s)
1) Your name: (required)

2) Your address (optional):

3) Your phone number:

4) Your email address: (required)

Please provide the following information about the Child

1) Name: (required)

2) Gender:

O Female
O Male

3) Age in Years (5 - 12) plus additional Months (0 - 11):
Years: (required — response must be one- or two-digit integer)
Months: (required — response must be one- or two-digit integer)

4) What is the extent of your child's Braille knowledge?

None

Letters

Grade 1 Braille (letters, numbers, punctuation)

Some Contractions

Grade 2 Braille (part- and whole-word contractions)
Other:

> 000000

5) At present, how interested is your child in learning Braille?
Not interested at all

Shows a little interest

Shows moderate interest

Very interested

000O0

6) In what grade is your child at school as of Spring 2011 (if applicable)?
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7) If in school, is your child... (check all that apply)

0 inablind program with other blind children
O in a main-stream classroom
O Other:

8) Since the term "blind™ can have different meanings to different people, how would you
describe (in your own words or in medical terms) your child's vision level / ability to see?

9) At what age did your child begin to experience vision difficulties? (That is, was your child
blind since birth, is this a degenerative condition that began at a certain age, etc.)

10) If your child has taken standard vision tests, what were the results (e.g., 20/20, 20/80,
20/200, etc.)?

11) Does your child have any other disabilities? If so, what are they?
12) Does your child have any siblings? If so, please list their ages and genders.
13) If applicable, please describe any disabilities that any other family members have:

14) What types of technology does your child use and what is his/her level of familiarity with
each technology? (Technology examples: computer, cell phone, Braille display, Braille
notetaker, game console, iPod, PDAs, electronic books, screen readers, etc.)

15) What types of games does your child enjoy playing (currently or in the past)? (check all that
apply)

Board games

Thinking/deduction games

Computer video games

Computer audio games

Games on smart phones

Console games (such as X-Box, Nintendo, PlayStation)

Tactile games / games that involve manipulating physical objects (such as blocks, Legos)
Games involving physical activity or movement

Other:

OOd0o0OooOooOooOogao
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APPENDIX D

BraillePlay Study Instructions

VBRAILLE STUDY
University of Washington Winter 2013
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Getting Started 2
VBReader 4
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Reminders, Tips, Contacts_ 9
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GETTING STARTED: VBRAILLE STUDY

VB stands for Vibrational Braille. We have two applications that test Braille reading and writing
with single characters- just like “flashcards” and two slightly more complicated word games.
Currently, these are all Grade 1 Braille characters, and we are not including punctuation or
numbers. We ask that when the parent (or anyone other than the child) is using the phone, to use
the Parent versions of the applications, which are clearly marked. It is important that the child
uses the Child version. We want to make sure to know where the data is coming from and not
mix up information from the parent and the child when looking at the results.

GETTING FAMILIAR WITH THE PHONE:

The phone has volume buttons on the top left edge, a camera button on the bottom right edge,
and 4 tactile buttons on the bottom of the screen along with a trackball. Hold the phone vertically
(in Portrait orientation) with the buttons at the bottom.

VOLUME TOGGLE
(ON SIDE)
TOUCHSCREEN
MENU BUTTON
POWER ON/OFF
USB CHARGER
(BOTTOM EDGE)

HOME BUTTON BACK BUTTON

TRACKBALL

Get familiar with the Android phone and how to access its applications.
On your Android phone, we have installed VBWriter, VBReader and VBHangman. For each of
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them, we have a Parent and a Child version. We have created a shortcut to the child versions on
the screen to the “left” of the home screen. You can access both the Parent and the Child versions
through the applications menu.

These applications use speech synthesis (Text-to-Speech) to speak instructions and screen
information to the user. This is built into the applications, so TalkBack does not need to be on to
play the game If you do use TalkBack, menu instructions will repeat. When starting the
application, check the media volume setting on your phone to make sure it is loud enough to
hear. To get to this setting, go to the Settings menu, and then click on Volume and then click on
Sound. Adjust the 'Media' volume accordingly.

"emfn M @ e:28eu’ ‘emED D@ 6:28em ‘emBEn M@ e:29em
| ett|

| Sound settings

=
L

Wireless & networks

Silent mode

o) Volume

oun

¢ Call settings

Ringtone

Media
]
Alarm

@ CyanogenMod settings

i ADWLauncher

Volume @

vy Use Incoming call volume for
Incoming calls Sound notifications

Phone ringtone ¥ Display

Notifications

CONNECTING TO WI-FI
If possible, we would like to collect usage data over the phone’s wi-fi connection. In order to
connect to a Wi-Fi network, go to the Settings menu and open the Wireless & networks option.
Click the Wi-Fi button to turn on the Wi-Fi, you may need to open Wi-Fi settings and click Add
Wi-Fi network. If it is a secure network, you’ll need to enter the password.
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VBREADER (CHILD READER and PARENT READER)

Now we are ready to see how the applications work. The first application is VBReader- you will
see this on the phone as Child Reader and Parent Reader.

WHAT THE APPLICATION DOES:

VBReader allows the user to practice reading Braille letters using vibration to represent raised
dots. It is an application suitable for blind, low-vision and sighted users who wish to learn Braille
letters.

The touchscreen is divided evenly into six regions, each of which contains one of the six dots
found in the standard Braille cell. The dots are numbered with dots 1 through 3 down the left
side of the screen and dots 4 through 6 down the right side. When a region is touched, its number
is spoken.

Braille letters are randomly displayed, one at a time, on the screen using both visual and tactile
cues to indicate the presence of the raised dots that compose the Braille symbol for the letter.
Visually, the dots that would be raised in a paper-based Braille symbol are shown as large, solid
white dots and dots that are not raised are shown as unfilled circular outlines. Tactually, a dot that
is raised (filled) will vibrate when touched. (More accurately, touching the region containing a
dot triggers the haptic device so that the entire phone vibrates.) Empty (non-raised) dots do not.

To help distinguish one row of dots from another, the vibration frequency between rows of dots
is varied -- meaning the feel of the vibration in each row differs from those of the other two
rows. To maximize the benefit of these differences, players should begin their touch in the upper
left-hand corner of the screen and drag down the column before moving to the second column
and repeating the downward dragging motion.

HOW TO USE THE APPLICATION:
1) Start the application by tapping on it in the Applications menu. After the welcome
greeting is spoken, the application will choose and display a letter (below you see the
representation for the letter 'G'- dots 1, 2, 4, and 5).




2)

3)

4)

5)

6)

7)

8)
9)
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To hear spoken instructions for the application, swipe down with two fingers (see
diagram at the end of the document if you want more detailed instructions on how to do
this).

Use your finger to navigate to each of the six dots, noting by the presence (or absence) of
vibration whether or not a dot is raised. Dot numbers are spoken when touched to help
you navigate to each dot. Try to identify which Braille letter is being displayed based on
where the vibrating dots are located within the Braille cell.

To enter your answer, click on the trackball or swipe right with two fingers (see end of
document for more detailed description on how to swipe).

You are then presented with an onscreen touch keyboard. As you feel around the screen,
you will hear which letter you are on. Letters A through M are on the left side, and letters
N to Z are on the right side. See below:

|
A

ri=I1—I1—1TicoImm]|Oln |
Ni<[Ix<|S]|<|c||w]=|Oo]|=|Oo]|=

M

To enter the letter you are guessing, find the letter with your finger (you will hear it say
the letter out loud) and then double tap anywhere on the screen to enter that letter as your
answer. You will then be told whether or not your guess was correct.
The letter will be redisplayed on the screen after you guess. When you are ready for the
next letter, do a two-finger right swipe or press down on the trackball. When the new
letter is displayed, a "Ready" cue is spoken.
To interrupt and stop instructions, single tap anywhere on the screen.
To use another input method instead of the two column keypad, press the menu button at
any time. The menu will display three options:

a. Qwerty Keypad: input method is a Qwerty keypad in landscape orientation. Touch

and drag finger to hear letter options. Double tap to select last heard letter
b. Simple Alpha Keypad: This is the default two column keypad described above.
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c. Tap Hold Input: Tap to move through the letters in the alphabet one by one.
Double tap to select last heard letter.

Press the Back button ethe Home button) to hear how many of the letters you read correctly
and then exit the application.

VBWRITER (CHILD WRITER AND PARENT WRITER)

WHAT THE APPLICATION DOES:

VBWriter allows the user to practice creating Braille letters by double-tapping where dots in the
Braille letter should be raised. It is an application suitable for blind, low-vision and sighted users
who wish to practice writing Braille letters.

The touchscreen is divided evenly into six regions, each of which contains one of the six
dots found in the standard Braille cell- the same layout as with the previous application,
VBReader. The dots are numbered with dots 1 through 3 down the left side of the screen and
dots 4 through 6 down the right side. When a region is touched, its number is spoken.

All dots start out empty -- an empty dot is the same as a non-raised dot in a paper-based
Braille cell. Solid (or filled) dots represent raised dots and a dot can be filled in by double-
tapping on it. Once a dot is filled, it will vibrate when touched. (More accurately, touching the
region containing a dot triggers the haptic device so that the entire phone vibrates.) Filled dots
can be made empty by double-tapping on them. Empty dots do not vibrate.

O O
OO

O O

HOW TO USE THE APPLICATION:

1) Start the application by tapping on it in the Applications menu.

2) After the welcome greeting is spoken, the application will tell you which letter to enter.
You can press the menu button to repeat the letter.

3) Use your finger to navigate to the dots that should be raised -- dot numbers are spoken
when touched to help you navigate to the desired dot. After you hear the number you
want, double tap in that same location. The application will respond verbally that the dot
has been added and the dot will begin vibrating when touched. (Note: the dot will be
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5)

6)
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added in the location where the double tap occurs. The regions are fairly large so unless
your finger is right on the border area between regions, you should be able to add dots
accurately to the dot number last spoken.)

If you need to remove a dot, navigate to it and double tap. The application will respond
that the dot has been removed and the dot will no longer vibrate when touched.

When you are finished entering the dots in the current letter, swipe right with two fingers
(or press down on the trackball or center of the directional keypad) to find out if you
entered the Braille symbol correctly. If you did, you will hear "that is correct!", and the
game will move on to the next letter.

If you entered the letter incorrectly, the application will attempt to find a match for the
dots you entered and tell you what letter you wrote. It will then vibrate the correct dots on
the screen so that by touching them, you can determine which dots should have been
raised and lowered. When you are ready to move on to the next letter, swipe right with
two fingers (or press down on the trackball or center directional key) again.

VBHANGMAN (CHILD VBHANGMAN AND PARENT BVHANGMAN)

WHAT THE APPLICATION DOES:

VBHangman allows the user to play the word game hangman in V-Braille. The smartphone
randomly selects a word of a given length, and the user has to guess what letters are in the word
(with only nine chances to incorrectly guess a letter). The player must input her letters in V-

Braille.

The game is played with a combination of the VBWriter input screen and accessible menu
screens, which you can touch and drag down to hear options and double tap to select the last
heard option.

HOW TO USE THE APPLICATION:

1)

2)
3)

4)

5)

6)

Start the application by selecting the VBHangman application from your phone’s
application menu.

Hold the phone vertically (in Portrait orientation) with the buttons at the bottom.

You will briefly be presented with a loading screen that has a hangman icon. You will
automatically move to the main menu screen

On the main menu, some brief instructions for how to use the menu are spoken, and you
can choose the length of the word you would like to play. In order to make the selection,
touch and drag your finger down the screen to hear the options and then double tap
anywhere on the screen to select the last heard option.

After selecting the length of word that you would like to use, you will move on to the
current game menu. Once again to make selections from this menu, touch and drag your
finger down the screen to hear the options and then double tap anywhere on the screen to
select the last heard option. The options you can choose from are: Word, Trials Left,
Guessed Letters, Enter Letter and Instructions.

If you select Instructions, the phone will read some brief instructions about how to
navigate through the menu and the enter letter screens.
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7) If you select Word, the phone will spell out the word with blanks for the letters that you
have not guessed yet (initially all letters in the word will be blanks).

8) If you select Trials Left, the phone will tell you the number of incorrect guesses you
have left before you lose the game.

9) If you select Enter Letter, you will be taken to the Enter Letter screen, where you can
enter a guess for a letter, swipe down with two fingers for instructions at any time. On the
Enter Letter screen:

a.
b.

You will be presented with a screen that represents a blank Braille cell.

Pressing the back or menu buttons will take you back to the current game menu
without guessing any letters.

Use your finger to navigate to the dots that should be raised -- dot numbers are
spoken when touched to help you navigate to the desired dot. After you hear the
number you want, double tap in that same location.

The application will respond verbally that the dot has been added and the dot will
begin vibrating when touched. (Note: the dot will be added in the location where
the double tap occurs. The regions are fairly large so unless your finger is right on
the border area between regions, you should be able to add dots accurately to the
dot number last spoken.)

If you need to remove a dot, navigate to it and double tap. Again, the application
will respond that the dot has been removed and the dot will no longer vibrate
when touched.

Alternatively, you can raise or lower dots using the numbers 1 - 6 on the phone's
keypad. You can also add entire letters with the keypad.

When you are finished entering the dots in the current letter, swipe with two
fingers to the left or right to find out if you entered a letter that is in the word.

If you did not correctly enter a Braille letter, the phone will tell you and you will
once again be given a blank Braille cell.

If the letter is not in the word, you will be taken back to the current game screen,
and the phone will tell you the number of incorrect guesses you have left.

If the letter is in the word, the game will read it to you. Swipe right with two
fingers if that is what you meant to enter. Double tap to enter a different letter.

If you confirm that you entered the correct word, you will be taken back to the
current game screen, and the phone will spell out the word with blanks for the
unguessed letters.

10) To exit the application, press the Back button repeatedly (through the current game
screen, main menu screen and loading dictionary screen), or press the Home button (If
you exit using the Home button, you will be taken back to the current game when you
restart the application).
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REMINDERS AND TIPS:

To hear spoken instructions for the application, swipe down with two fingers (see below).
To interrupt and stop instructions, single tap anywhere on the screen.
You can use two-finger right swipe in place of the trackball to move to the next letter.

In VBWriter, you can press the Menu button to repeat the name of the letter to enter.

Press the Back button to hear how many letters you got right and then exit the application. In
VVBHangman, you must hit the back button an extra time to exit the loading screen.

TWO-FINGER DOWNWARD SWIPE: TWO-FINGER RIGHT SWIPE:
This can be difficult to get the
hang of. It works best if the
fingers are a little bit apart and
aligned vertically (as in image on
right) as opposed to horizontally
(as in image on left).
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CONTACTS:

If you are having technical issues or any general questions, please don't hesitate to contact either
Cynthia Bennett (206-221-3147) or Lauren Milne (505-220-5996). You can also send questions
via email to bennec3@uw.edu or milnel2@cs.washington.edu.



tel:206-221-3147
mailto:bennec3@uw.edu
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APPENDIX E

BraillePlay Experience Sampling Questions for Parents

Application usage questions
What did you have to help your child with this week when (s)he played with the applications?
Does your child seem to enjoy playing with the applications? Why or why not?

Do you think using these applications are helping your child improve his/her ability to read and
write Braille letters?

Describe your child’s experience relative to the following features of the applications:

e Recognizing raised dots — was your child able to recognize the phone’s vibration as
representing a raised dot and keep track of all the dots that (s)he felt vibrating?

e Screen orientation — did your child get confused about the orientation of the Braille letter
because (s)he turned the phone different directions in her/his hand?

e Spoken instructions -- was your child able to understand the spoken instructions? If not,
how could they be improved?

e Spoken dot numbers -- did your child prefer to have the dot numbers spoken when (s)he
touched the different regions of the screen or did (s)he turn the speech off?

e Double-tapping to raise or lower dots -- was your child able to raise or lower the dots
easily by double-tapping or did (s)he has problems tapping in the correct region?

e Using buttons — did your child have any problems finding or using the phone buttons that
helped control the games (i.e. back button to leave, menu button to repeat the letter to
enter, center dpad button to enter answer/move to next letter)? Did your child use the
keypad numbers to enter Braille letters instead of double tapping?

Were there other aspects of the games that
e caused your child difficulties?
e were easy for your child?

Did you spend any time using the applications yourself?
If so,

e did you learn Braille by using them?

e what did you like and dislike about them?

Do you have any suggestions for making these applications more appealing and/or usable?



Experience Sampling Questions for Younger Children
Did you have fun playing the games on the phone?

What was your favorite part about them?

Would you like to keep playing them after today?

V-B-Reader Questions

Did you learn to read any new Braille letters by playing the games?
If child answers yes, ask...
e Can you tell me some of the letters you learned?

e Have you tried reading any of those letters on paper? Would you like to [try/show me]
now?

V-B-Writer Questions

Was it easy to make new dots start vibrating by double tapping on the screen?

General Questions

Could you understand what the phone was saying when it spoke to you?

Can you show me how you use the games now?
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APPENDIX F

BraillePlay Application Data Collection
Log Entry Codes and Qualifiers
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Code Stands for Description Qualifier Description
as Application Status | Gives run state of the Started Application has
application been started.
Paused Application has
been paused.
Resumed Application has
been resumed.
dc Dot Change Indicates that the user added | +[number] A dot was added in
or removed a dot from her the region
input. indicated by the
number.
-[number] A dot was removed
from the region
indicated by the
number.
dn Dot Numbers Indicates that the speaking TurnedOff Speaking of dot
(by the application) of dot numbers was
numbers as they are touched turned off.
was turned on or off. TurnedOn Speaking of dot
numbers was
turned on.
kp Key Press Indicates that the user MenuKey, , , The menu key was
pressed a key or button on pressed.
the phone. EnterKey The center dpad
key or trackball
was pressed.
BackKey The back key was
pressed.
[keyCode] The key
represented by the
given key code
was pressed.
Ip Long Press Indicates that the user InstructionsSpoken The long press
touched and held his finger in triggered the
one location for at least three speaking of
seconds. application
instructions.
rt Region Touched Indicates which region of the | [number 1 - 6] The number of the
screen was touched. region that was
touched.
sC Screen Contact Tells when the contact FingerDown The user set her
between the user's finger and finger down on the
the screen changed. screen.
FingerUp The user lifted his

finger off the
screen.
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SS Symbol Selected Indicates which letter the [letter]:[dot pattern] The dot pattern is a
application randomly six-digit binary
selected to display. string where where

1 represents a dot
that vibrates. and
digit sequence
equates to the six
dots of the Braille
cell.

The letter is the
alphabetic letter that

the dot pattern
represents in Braille.
ua User Answer Indicates that the user [letter]:[dot_pattern] Shows the dot
pressed the enter key to input pattern that the
an answer. user entered. If the

pattern matches a
Braille letter, that
letter is shown
before the colon.

?:[dot_pattern] If the user's dot
pattern does not
match any Braille
letters, a question
mark is shown
before the colon.

ws Word Selected Indicates that the hangman [word]
game has selected a new
word

Example of Log Entry for a session:
(format: device id, app abbrev, session id, round number, datetime, event code, event qualifier)

A0000015FD4D20 VBR 110125132106 0 2011-01-25 22:10:38:235 as Started
A0000015FD4D20 VBR 110125132106 1 2011-01-25 22:10:38:418 ss b:101000
A0000015FD4D20 VBR 110125132106 1 2011-01-25 22:10:41:041 sc FingerDown
A0000015FD4D20 VBR 110125132106 1 2011-01-25 22:10:41:167 rt 2
A0000015FD4D20 VBR 110125132106 1 2011-01-25 22:10:41:502 dn TurnedOff
A0000015FD4D20 VBR 110125132106 1 2011-01-25 22:10:41:891 sc FingerUp
A0000015FD4D20 VBR 110125132106 1 2011-01-25 22:10:45:121 sc FingerDown
A0000015FD4D20 VBR 110125132106 1 2011-01-25 22:10:45:507 rt 3
A0000015FD4D20 VBR 110125132106 1 2011-01-25 22:10:48:356 rt 1
A0000015FD4D20 VBR 110125132106 1 2011-01-25 22:10:49:201 rt 2
AQ0000015FD4D20 VBR 110125132106 1 2011-01-25 22:10:49:593 sc FingerUp
A0000015FD4D20 VBR 110125132106 1 2011-01-25 22:10:52:375 kp BackKey
A0000015FD4D20 VBR 110125132106 1 2011-01-25 22:10:55:688 as Paused
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APPENDIX G

BraillePlay Application Parent Exit Survey
The following questions are designed to get your child's and your feedback about both of your
experiences using the V-Braille applications on a smart phone. Please discuss these questions
with your child, as appropriate, to get his/his input. Feel free to write on the back of the page or
attach additional pages if there is not enough room for your answer. You can skip any questions
you do not wish to answer. Your feedback will be used to improve these applications.

Thank you,
V-Braille Research Team

Braille questions

How long has your child known Braille?

How did he/she learn Braille?

How long did it take to learn Braille? Can you describe the overall experience?

Does your child use more audio or more Braille?

What devices does your child use on a day-to-day basis?

Are there any problems with current Braille learning systems that you have noticed, which could
possibly be improved?

Application usage questions

Did you have to help your child with setting up the applications? Finding buttons? Remembering
how to use the applications?

Did your child want to play these applications or was it more of a chore to get him/her to play
them? Did (s)he stay interested in playing them for long?

Did your child prefer one application? If so, why?

Do you think using these applications helped your child improve his/her ability to read and write
Braille letters?

Describe your child’s experience relative to the following features of the applications:

e Recognizing raised dots — was your child able to recognize the phone’s vibration as
representing a raised dot and keep track of all the dots that (s)he felt vibrating?

e Screen orientation — did your child get confused about the orientation of the Braille letter
because (s)he turned the phone different directions in her/his hand?

e Spoken instructions -- was your child able to understand the spoken instructions? If not,
how could they be improved?

e Spoken dot numbers -- did your child prefer to have the dot numbers spoken when (s)he
touched the different regions of the screen or did (s)he turn the speech off?

e Double-tapping to raise or lower dots -- was your child able to raise or lower the dots
easily by double-tapping or did (s)he have problems tapping in the correct region?



193

Using buttons — did your child have any problems finding or using the phone buttons that
helped control the games (i.e. back button to leave, menu button to repeat the letter to
enter, center dpad button to enter answer/move to next letter)? Did your child use the
keypad numbers to enter Braille letters instead of double tapping?

Were there other aspects of the games that

caused your child difficulties?
were easy for your child?
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APPENDIX H

BraillePlay Application Child Exit Interview
Did you enjoy using the VV-B-Reader and V-B-Writer applications? What did you like about
them?

Did you like one application more than the others? If so, why?

If you had these applications on your mom or dad’s phone, would you want to play them even
though the study is over?

V-B-Reader Questions

Were you able to read Braille letters on paper before you began playing V-B-Reader?

e If no, did VV-B-Reader help you to learn your Braille letters? What letters do you know?
Have you tried reading those letters on paper since using V-B-Reader? How did you do?
(Have Braille letters on a page in case they haven’t tried so they can try it during the
interview.)

e If yes, were you also able to read the letters using V-B-Reader? How hard or easy was it
to get used to thinking of vibrating dots in V-B-Reader as being the same as raised dots
on paper? Do you think using V-B-Reader helped you improve your ability to read
Braille?

Do you think this game would be more fun if before it told you the name of the letter, you could
select the letter name from a list and then see if you got it right?

V-B-Writer Questions

When you wanted to raise or lower a dot, were you able to double tap in the right place to get the
dot you wanted?

Did you try using the keypad to raise and lower dots instead of double tapping? Which way was
easier for you?

Did you know you could press the menu button to repeat the name of the letter to write? Did you
try this out? How did it go? If child had difficulties, ask: is there a different button you would
like to press or motion to make on the screen to repeat letter names?

Did you know how to write Braille letters before you began playing the game? Do you think
playing the game helped you get better at writing Braille letters?

General Questions
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Dexterity:
e Was it hard to hold the phone and touch the screen at the same time?

e Was it hard to remember which way to hold the phone?
e Was it hard to just use one finger on the screen to feel for vibrations?

e Was it hard to find and push the right buttons?

e Was it hard to swipe with two fingers to enter the letters?
Sequence:
e Did you have any trouble remembering which button to press next?
Speech:
e Could you understand what the phone was saying when it gave you instructions?

e Did you know that you could stop the instructions by touching the screen? Did you know
you could repeat the instructions by touching and holding the screen?

e Did you like hearing the dot numbers when you touched the different dots or was it
confusing?

Did you have a hard time remembering where the dots were supposed to be? Was it hard to
remember which dot numbers were vibrating and which ones weren’t?

Can you show me how you use the games now?

Do you think these games would be more fun if they were changed a little bit? What kinds of
changes do you think would make you want to play them more often?
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APPENDIX |

Tickle Evaluation Study Tasks
TASK SET 1: DRAG AND DROP
Place When starting to play at beginning
Add Move Forward for 2 secs at 50% speed
Play sound hi after move forward
Move play sound to right after when starting play
Move all blocks to trash (not when starting play)

TASK SET 2: ACCESSING TYPE INFO/MODIFYING REPEAT BLOCKS

Add if zero than... block

Add any condition that fits (If they can’t find one add Reflectance in front of Dash block)
Add play sound Hi inside

Add repeat 10 times

Change repeat condition to 4 times

Add turn right by 90 degrees

TASK SET 3: UNDERSTANDING PROGRAM STRUCTURE

Blocks: when play, repeat 3x, move forward, turn right, end repeat, repeat 2x, end repeat, play
lasers

Which blocks are in the workspace and in what order?

Find the block that makes him turn right

Find block that is inside repeat 3 times

Find repeat condition that is done too few times if you want the robot to go in a square

Find the block that is outside the repeat loop, but shouldn’t be

TASK SET 4: UNDERSTANDING PROGRAM STRUCTURE

Blocks: if 1 =1, repeat 2x, cat sound, end repeat, horse sound, hi sound, end if
Which blocks are in the workspace and in what order?

Find the block that is sequentially in the wrong order (hi at end)

Will he say make horse noise more than once? is it inside repeat?

Switch if condition to something else
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APPENDIX ]

Blocks4All: Parental Preliminary Survey for both Formative and Evaluative Studies
Question 1.
How old is your child (years and months)?

Question 2.
What is your child's gender?

Question 3.
What grade is your child in?

Question 4.
To the best of your knowledge, what is the extent of your child’s knowledge of computer
science, programming or computational skills?

Question 5.
How interested is your child in learning about computer science?
Select one... Not interested at all Shows a little interest Shows moderate interest Very interested

Question 6.
If in school, is your child... (check all that apply)

At a school for the blind

In a blind program with other blind children
In a mainstream classroom

Other:

Question 7.
Since the term "blind" can have different meanings to different people, how would you describe
(in your own words or in medical terms) your child’s vision level / ability to see?

Question 8.
At what age did your child begin to experience vision difficulties? (That is, was your child blind
since birth, is this a degenerative condition that began at a certain age, etc.)

Question 9.
If your child has taken standard vision tests, what were the results (e.g., 20/20, 20/80, 20/200,
etc.)?

Question 10.
Does your child have any other disabilities? If so, what are they?

Question 11.
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How familiar is your child with touchscreen devices? Have they used a smartphone (iPhone) or a
tablet (iPad) before? If so, how often do they use it? and what for?

Question 12.

Does your child use any other types of technology and what is his/her level of familiarity with
each technology? (Technology examples: computer, cell phone, Braille display, Braille
notetaker, game console, iPod, electronic books, screen readers, etc.)
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APPENDIX K

Blocks4All Formative Study Materials: Tasks, Child and Parent Interview Questions

Session 1: Introduction to Programming and Constructing Simple Programs (Drag and Drop
vs Placeholder)
Introduction

e CONSENT AND ASSENT FORMS

e SET UP VIDEO RECORDER AND TIMER

e Introduce robot, idea of blocks, toolbox (categories), workspace, play button, and practice

e Go over VoiceOver commands

Drag and Drop Interface
e Find the
o toolbox
= navigate menu
e single tap to read categories
e double tap to select a category
e single tap to read blocks
e back button to go to different category
= select item from menu, drag into workspace
« tap and hold, wait for sound, move to right
e down, up, down, hold
o workspace
= find item that you dragged into workspace
e touch, can also swipe left and right
= move more items into workspace
= drag over to the right until you hear trash can
e double tap and drag
= move items around in workspace
o play button
= find the play button and double tap to make robot go!
o Putting blocks together to control a robot
o select from toolbox, place in workspace, press play
Task Set 1

1. Let’s get Dash’s engine going, press PLAY to run the code! Since the “Start Engine”
Block is the first block in the workspace, the engine will run whenever you touch the
PLAY button.

2. Now let’s build the code ourselves. Get Dash to move forward and knock over the
dominos by selecting the “Drive Forward” block from the Drive menu and placing it at
after Start Engine. Don’t forget to press PLAY to run your program.

3. Now let’s make Dash drive forward, turn left and then forward again by selecting the
forward and turn left blocks from the Drive menu and adding them in the correct order!
Then he will knock over both sets of dominos!

4. Delete the “Turn Left” block so that Dash just drives forward twice instead and knocks
over the domino blocks.
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5. Free for all! Make Dash do whatever you would like using the Sounds, Drive, Movement

and Control Blocks.
Questions

1. Are you having fun? really fun, kind of fun, ehh, kind of not fun, really not fun

2. What was hard about that? Did you find anything difficult about dragging and dropping
the blocks to add them to the workspace?

3. What did you find easy about it?

4. s there anything you would change about this method to make it easier or more fun?

Placeholder Interface
e Startin
o workspace
= find the add block button
= double tap to open
o toolbox
= navigate menu
e single tap to read categories
e double tap to select a category
e single tap to read blocks
e back button to go to different category
= select item from menu
e double tap
o will be placed where you initially selected
o find item that you dragged into workspace
= touch, can also swipe left and right
= notice add button on either side, use to move more items into workspace
= double tap to move to trash or move blocks
o play button
= find the play button and double tap to make robot go!
e Putting blocks together to control a robot
o find place to add in workspace, double tap to add blocks, press play
Task Set 2

1. Let’s get Dash talking, press PLAY to run the code! Since the “Say Hi” Block is
connected to the “When Start” block, Dash will say Hi whenever you touch the PLAY
button.

2. Get Dash to bark like a dog after he says “Hi” by selecting the “Make Dog Noise” block
from the Sounds menu and adding it after the “says hi” button. Don’t forget to press
PLAY to run your program.

3. Now let’s make Dash say hi, make a cat noise, and then bark like a dog, by selecting the
“Make Cat Noise” blocks and adding them in the correct order! (Middle)

4. Delete the “Bark like a dog noise” so Dash just Says Hi and meows like a cat.

5. Free for all! Make Dash do whatever you would like using the Sounds, Drive and Control
Blocks.

Questions

1. Are you having fun?

2. What was hard about that? What did you find difficult about using the add blocks button
to add blocks to the workspace?
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4.
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What did you find easy about it?
What would you change to make this easier or more fun?

More End of Session Questions

1.
2.
3.

N R

9.

What was your favorite part?
What was your least favorite part?
How did you like the version of the game with dragging and dropping vs the version
where you add blocks from the menu?
a. Why?
What would you change?
What did you find difficult about programming?
What did you find easy about programming today?
Are you interested in doing more programming?
Have you learned any computer science before (programmed robots, code.org, hour of
code)? How much experience do you have with computer science?
Have you used a smartphone (iPhone) or a tablet (iPad) before? If so, how often do you
use it? and what for?

End of Session Questions for Parent/Teacher:

1.
2.
3.

What do you think your/the child had the most difficulty with when using this version?
What do you think your/the child found easiest when using this version?
How did you like this version of the game compared to previous versions?

a. Why?

b. What would you change?

4. Any feedback on how to improve this interface?

Session 2: Showing Complex Structure with Repeat Blocks (Spatial vs Audio Layout)
Introduction

SET UP VIDEO RECORDER AND TIMER

Review
o Robot: Dash
o blocks
o toolbox (categories)
= Drive
= Control
= Sound

=  Movement
o workspace
o play button

Putting blocks together to control a robot

o select from toolbox, place in workspace, press play

VoiceOver

o Finger to explore the screen, elements will read aloud, pause and more
information will be given
o Double tap to select elements
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e Repeat blocks

o What if you want the robot to say hi over and over again? How would you do it?
o Add repeat blocks

= any blocks inside these blocks are repeated as many times as the repeat
block says
Review

e Find the
o toolbox
= navigate menu
= select item from menu, drag into workspace
o workspace
= find item that you dragged into workspace
= move more items into workspace
= drag over to the right until you hear trash can
= move items around in workspace
o play button
= find the play button and double tap to make robot go!
e Putting blocks together to control a robot
o select from toolbox, place in workspace, press play

Audio Interface
o Repeat: Let’s make Dash bark three times
o Set-up:
= Repeat 3 times -> Make Dog Noise -> End Repeat
o Explore workspace
= Where is the make dog noise block?
= notice that block is inside a begin and an end repeat block
o also there is an inside repeat block and you can follow up to find
what block is inside (make dog noise)
o Select a repeat block from the control blocks
o what does it look like in the workspace?
= two blocks
« start block, end block
o what happens when we run code?
= nothing, telling Dash to repeat nothing
o Let’s add something more
= add block inside repeat
= add block outside repeat

Task Set 1

1. Now let’s make Dash start his engine, drive forward, turn right and then forward again by
selecting those blocks from the Drive menu and adding them in the correct order! Then
he will knock over both sets of dominos!

2. Let’s get Dash to drive in a square and knock over all the dominos. Place the following
blocks in the workspace: drive forward, turn right, drive forward, turn right, drive
forward, turn right, drive forward
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3. Let’s get Dash to do a circle by making him turn right four times without all that code!
Use a “Repeat 4 times” block from the control menu and place a “Turn Right” block
inside of it.

4. Let’s make Dash drive in a square. Place a “Drive Forward” block after the
“Turn Right” block inside of the repeat statements.

5. Free for all! Make Dash do whatever you would like using the Sounds, Drive and Control
Blocks.

Questions

1. Are you having fun?
2. What did you find difficult about figuring out which blocks were going to be repeated?
Can you find the blocks inside the repeat statements?
3. What did you find easy about it?
4. What would you change about this method to make it easier or more fun?
Spatial Interface
e Repeat: Let’s make Dash Start Engine three times
o Set-up:
= Repeat 3 times -> Start Engine -> End Repeat
o Explore workspace
= Where is the start engine noise block?
= notice that block is inside a begin and an end repeat block
o also there is an inside repeat block and you can follow up to find
what block is inside (start engine)
e Select a repeat block from the control blocks
o what does it look like in the workspace?
= two blocks
o start block, end block
o what happens when we run code?
= nothing, telling Dash to repeat nothing
o Let’s add something more
= add block inside repeat
= add block outside repeat

Task Set 2

1. Let’s make Dash meow like a cat, make a horse noise and then meow again, by selecting
the “Make Cat Noise” and “Make Horse Noise” blocks and adding them in the correct
order!

2. Let’s get Dash to “Say Hi” and “Make Cat Noise” 4 times. Place the following blocks in
the workspace: say hi, make cat noise, say hi, make cat noise, say hi, make cat noise,
Set-up:

3. Let’s get Dash to meow by making him meow four times without all that code! Use a
“Repeat 4 times” block from the control menu and place a “Make Cat Noise” block
inside of it.

4. Let’s make Dash meow and say hi multiple times. Place a “Say Hi” block after the
“Make Cat Noise” block inside of the repeat statements.

5. Free for all! Make Dash do whatever you would like using the Sounds, Drive and Control
Blocks.
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Questions
1. Are you having fun?
2. What was hard about that? What did you find difficult about figuring out the repeat
blocks?
3. What did you find easy about it?
4. What would you change to make this easier or more fun?
End of Session Questions
What was your favorite part?
What was your least favorite part?
How did you like the two different versions of the interface?
Why?
What would you change?
What did you find difficult about programming?
What did you find easy about programming today?
Are you interested in doing more programming?
Have you learned any computer science before (programmed robots, code.org, hour of
code)? How much experience do you have with computer science?
10. Have you used a smartphone (iPhone) or a tablet (iPad) before? If so, how often do you
use it? and what for?
End of Session Questions for Parent/Teacher:
1. What do you think your/the child had the most difficulty with when using this version?
2. What do you think your/the child found easiest when using this version?
3. How did you like this version of the game compared to previous versions?
a. Why?
b. What would you change?
4. Any feedback on how to improve this interface?

CoNUOR~WNE

Intrinsic Motivation Inventory (IMI) for enjoyment (scale of 1 to 5) (asked in final session)
While | was working on programming, | was thinking about how much I enjoyed it
| found my playing of programming to be very interesting

Doing programming was fun

| enjoyed doing programming very much

| thought programming was very boring

| thought doing programming was very interesting

| would describe programming as very enjoyable

| think | am pretty good at solving programming

I think I did pretty well at programming compared to others

10 I am satisfied with my performance at programming

11. | feel pretty skilled at the game

12. After working at programming for awhile, | felt pretty competent

CoNoO~WNE
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Blocks4All Evaluative Study Materials: Tasks and Child Interview Questions

TASK SET 1: DRAG AND DRORP (can substitute in blocks of the same category)
Place blockl in the workspace and press play (e.g. favorite animal noise, goat noise)
Place block2 before it (e.g. move forward, make dog noise)

Place block3 in between first two (e.g. move backward, make lion noise)

Move blockl in between the other two

Move to trash

TASK SET 2: ACCESSING TYPE INFO/MODIFYING REPEAT BLOCKS (can
substitute in blocks of the same category)

Make Dash do blockl (e.g. drive backward, say hi, make random noise) if he hears a voice
-Add if block

-Add hear voice (or other condition that fits)

-Add blockl inside if

Now make him do block2 (e.g. dance party, say hi, make random noise) 3 times inside if he hears
a voice (only use one copy of block2)

-Add repeat block inside if

-Change repeat condition to 3 times

-Add block2 inside repeat

TASK SET 3: UNDERSTANDING PROGRAM STRUCTURE
Which blocks are in the workspace and in what order?

Pad T 2:26 PM $39%um

£ Toolbox Drive Menu

TASK SET 4: UNDERSTANDING PROGRAM STRUCTURE
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Which blocks are in the workspace and in what order?

2:36 PM * 3%

4 Bac‘; Sfund Menu
A=A

Volume

Children Post Session Interview Questions

Are you having fun? (scale from 1,5)
What is difficult about using the interface?
What is easy about using the interface?
What would you change?

Favorite part?

Least favorite part?

System Usability Scale [190]
When a SUS is used, participants are asked to score the following 10 items with one of five
responses that range from Strongly Agree to Strongly disagree:

| think that | would like to use Blocks4All frequently.

| found Blocks4All unnecessarily complex.

| thought Blocks4All was easy to use.

| think that | would need the support of a technical person to be able to use
Blocks4All.

| found the various functions in Blocks4All worked together well

| thought there was too much inconsistency in Blocks4All.

| would imagine that most people would learn to use Blocks4All very quickly.
| found Blocks4All very cumbersome to use.

| felt very confident using Blocks4All.

Awnhe

© oo NG

10. I needed to learn a lot of things before I could get going with Blocks4All.
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