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1 Introduction

White canes and service animals have been the popular tools for People with

Low Vision or Blindness (PLVB) for 100 years and 500 years respectively. We

know that there are better ways to improve the quality of life for PLVB such

as including interactive features which raise PLVB’s levels of enjoyment and

understanding. However, one of the primary reasons we have not developed a

new solution is that we do not have a good idea on how to implement a solution.

We do not concretely know what type of solution and what type of technology

to use in the solution. The pain point in finding the answer to that question

is that we have not analyzed the different places where a user can carry the

solution to understand the benefits and limitations to the placement of certain

solutions. Therefore, we need to design an experiment to identify optimal size

mobility support can be on the body before the solution becomes uncomfortable

or unsafe. This data would help future developers create optimal solutions.
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2 We Know There are Better Ways to Go about

Visual Aid Assistance

Kyle Rector from the University of Washington argues that interactive tech-

nologies increase the amount of enjoyment and understanding PLVB than non-

interactive technologies.[2] To investigate this stance, Rector started with a

value-sensitive investigation, interviewing different groups of people on the areas

which hinder PLVB. From there, she went down two paths that show interactive

technologies would increase PLVB’s enjoyment in these activities.

2.1 Value Sensitive Design Investigation

The main purpose of Value Sensitive Design Investigation was to determine

how one should go about designing audio-based exercise systems that enhance

PLVB’s exercise experience. Three groups were made to represent all of the

stakeholders in PLVB’s exercise experience: the direct stakeholders (PLVB),

indirect stakeholders (people who work with and facilitate exercises with PLVB),

and the general population. From the first group, 10 PLVB were interviewed–

6 women and 4 men, aged 21 to 68 (with a median of 36). From the second

group, 10 instructors were selected– 5 women and 5 men, aged 25 to 67 (with

a median of 45), 4 with perfect sight and 1 who is blind, with at least 1.5 to

15 years of experience (with a median of 4 years). From the third group, there

were 76 people– 51 women and 25 men, aged 18 to 76 (median of 34.5) and all

had sight.

All participants were asked about their goals around exercising, experiences

while working out, technologies used when exercising, and how safe they feel

while exercising as well as given different scenarios to respond to. Safety and

fitness were the common goals amongst all groups. Many people use mainstream
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solutions to exercise, yet almost no PLVB had a positive experience with any

mainstream exercise systems, tools, or technologies. PLVB were more sensitive

about being seen messing up exercises. Nonetheless, many of the PLVB were

uncomfortable with hypothetical solutions that would ensure they perform an

exercise correctly, for they want to feel independent. Also, the responses to

the scenarios revealed that PLVB are more concerned about how they interact

with other PLVB than non-PLVB are in interacting with PLVB exercisers. The

insights from this survey led Rector to pursue eyes-free yoga, and eyes-free art.

2.2 Eyes-Free Art

The eye-free art experiment demonstrated that interactive experiences increased

understanding in the activity. 13 PLVB– 12 females and 1 male, 7 blind, aged

19 to 72 (with a median of 52)– participated in the study. The participants

also had a range of experience with art museums which can help get a range of

perspectives on the experimental experience.

To develop this study, Rector’s team conducted interviews with curators,

artists, and blind patrons to develop a user-centered system. One of the more

significant comments from the interviews were that PLVB had to schedule mu-

seum tours around 30 days in advance to allow museums to handle the tour

groups which hindered their independence. Additionally, it is an annoyance

when the auditory tours have bad sound quality. After gathering these re-

sponses, they designed the experiment with four artworks in one room. First,

participants were given a basic museum-like audio tour of the artworks in the

room. Second, they were given a more interactive tour of the room. The Mi-

crosoft Kinect was used as sensors to determine what artwork they were closest

to them and how close they were to that artwork. Since the Kinect was designed

to play video games, it already had decent sensory capabilities. Approaching
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an artwork, participants heard the background music to set the mood for the

artwork first before hearing information about the artwork. Only when the art-

work was close would the participant start hearing a verbal description, likely

to avoid bombarding participants with different descriptions at once. Addition-

ally, participants would hear instruments in the background depending on where

they hovered their hand over the painting. The volume of the instruments was

correlated to the amount of a primary color in the place where the participant

is hovering (orchestra – red, piano – green, harp – blue). The addition of in-

struments also help the sound be more appealing. Ultimately, this experimental

approach would allow PLVB to feel more independent; they would not have

plan in advance since the tour is automated.

11 of the 13 participants preferred the interactive experience more than the

basic experience. Participants felt they had a much better understanding of the

painting after listening to the verbal description. Furthermore, participants felt

they had a better understanding of the emotional content of the artworks than

with the basic experience. They found that they were able to assess the mood

of the painting, but struggled with identifying the time period of the painting

with just the music alone. Overall, the Eyes-Free Art increased the depth of

PLVB’s comprehension.

2.3 Eyes-Free Yoga

The eye-free yoga experiment demonstrated that interactive experiences in-

creased enjoyment in the activity. 4 PLVB– 3 females and 1 male, 3 blind,

aged 29 to 54 (with a median of 43)– participated in the study. The partici-

pants also had a range of experience with yoga classes; some attended several

classes while others never went.

For eight weeks, the participants were given a basic yoga class and the ex-
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perimental yoga class. They received four of each type of class, alternating the

type of class each week. In a particular week, there was no set amount of how

many times someone worked out as long as they completed the number of re-

quired minutes. The instructional machines were installed in the participants’

homes to their preferences. The machines were engineered in Microsoft Visual

Studio with C. The participants would choose the time they wanted to work

out, and the system would play a soundtrack to note that their workout starts

soon. There were eight levels to the experimental class and four different work-

out sequences. Each workout routine had a different amount of moves. Each

level (besides the first level) has distinct audio of running water from no water

running to an ocean running in level eight. A Microsoft Kinect was used to de-

termine when the participant correctly completed a move. The machine would

repeat instructions to a move up to four times before continuing to the next

move. Once a routine was complete, the participant would redo the routine to

the next level. The next level was always 1.5x longer than the previous level.

Participants were awarded badges based on performance, endurance, and con-

sistency. Participants earned a performance badge when they completed most

moves correctly. Participants earned an endurance badge when workout sessions

last a certain amount of time. The machine recorded the time elapsed during

the workout. Participants earned a consistency badge after getting endurance

badges in three or more consecutive sessions. After every workout, a survey was

sent to the participants, and the researchers interviewed the participants within

three days about their workout experience.

The experimental yoga class was more enjoyable for participants than the

basic yoga class. Earning badges provided extra motivation to complete work-

outs. They also enjoyed the sounds in the background. It helped them get more

comfortable with the program. In the basic session, the participants felt the
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system was too mechanical without the sounds. Two of the four participants

started to exercise more regularly after using the program. All participants

agreed that they would invest in this system if it were available on the market.

2.4 Takeaways from the Studies

The benefits of interactive features can significantly increase the welfare of PLVB

allowing them to feel independent while decreasing the creating a plethora of

research opportunities. These features can be (or have already been) included

in educational and recreational activities such as schooling and different types

of museums. The increased amount of enjoyment and understanding PLVB

would get may lead to an increase in the amount of independence they feel in

an activity; this is because they may be more likely to continue with an activity

and less likely to make mistakes with a better understanding and more positive

feelings on an activity. Since independence was a common concern sentiment

amongst PLVB, increasing the feeling of independence would lead to an even

larger increase of their welfare. Though the interactive features in the Eyes-

Free Art and Eyes-Free Yoga were features of an experience, not a solution, we

can make the interaction with a solution more like an interactive experience

producing these significant increases for the quality of life for PLVB.

3 Current Ideas to Improve PLVB Quality of

Life

3.1 Stairs for People with Low Vision

A team from Cornell University presented an invention to make navigating

the stairs easier for PLVB using augmented reality visualizations.[3] The most

commonly used tool to help PLVB navigate stairs is the white guide cane. The
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challenge with any further invention is that it must make each stair more visible

for PLVB to see, yet not too distracting to impair PLVB to navigate the stairs.

The Cornell team’s approach shows flashing lights on the middle and ends of

staircases as well as auditory stimulants. This approach was meant to act similar

to traffic signals, something you can see but not disrupt you from driving.

They created three Augmented Reality (AR) platforms: a phone app, a

projection machine, and smart glasses. The phone app shows the lights on

the staircase and makes the sounds through the phone. The smart glasses

act similarly to the phone except the glasses are not hand-held. When one

approaches a staircase, they would start lighting up automatically. Unlike the

first two ideas, the projection machine projects flashing lights on staircases,

visible to everyone. The machine has a wider field of view than the other two

ideas; however, it is also bulkier and less mobile. Though these were unique

approaches, they all centered around using lights and sounds to make stairs

more visible. The experiment was operated under the Wizard of Oz protocol

(the participants did not know the machine was controlled by researchers). They

used a laptop to generate the visualizations and connected the devices to the

laptop via Bluetooth. Under this protocol, all three devices would be showing

the same visualizations for all participants.

3.1.1 Phone App

First, the Cornell team tested the effectiveness of AR projections through smart-

phones. The smartphone was chosen first because of the number of people who

already have access to it. 11 PLVB– 7 female, 4 male; aged 28 through 70

(with an average age of 40)– were chosen to participate in this experiment. All

participants were chosen to ascend and descend on an emergency exit stair-

case. Each participant participated the experiment twice, once with a cane and

once with the phone. However, participants cited difficulty looking through the
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hand-held phone, switching constantly between the phone and the stairs. Since

this created a dangerous situation, the Cornell team explored other options.

3.1.2 Projection Machines

Next, the Cornell team tested the effectiveness of the projection machine. They

then mounted the projector on a tripod at the top of the staircase. One of the

researches, then, manually controlled the projections through the laptop. The

participants specifically cited that they found the end highlights on the staircase

useful. The time needed to descend the stairs was decreased by 6.42% while the

time needed to ascend decreased by 5.78%.

3.1.3 Smart Glasses

Last, the Cornell team tested the effectiveness of smart glasses. From the cre-

ation of the glasses, it was known that the field of vision of the glasses was

significantly smaller than a human’s field of vision. The only highlighted part

of the stair would be around the user’s foot, hampering the user’s ability to see

their surroundings. This is significant as this means the stairs’ ends would not

be highlighted. 12 PLVB– 5 female, 7 male, with a mean age of 51.6– partici-

pated in this study. The smart glasses were a pair of Microsoft HoloLens. It was

connected to a researcher’s computers via Bluetooth. Similar to the other two

experiments, the participants were asked to walk up and down an emergency

staircase twice, once with the headset and once without. The amount of time

needed to walk upstairs actually increased by over 40% with the headset while

the amount of time needed to walk down the stairs did not change significantly.

Nevertheless, participants cited they felt more confident and safer walking with

the headset than without it. No specific reason was significant in what caused

the increase in time walking down the staircase.
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The results showed that there may be promise in this approach to mak-

ing it easier for PLVB to navigate stairs. The smartphone experiment showed

that the approach must be tailored to be non-handheld. The differences in re-

sults between the projections and smart glasses were left unaddressed by the

researchers.

3.2 Gesture Pod

A team from Microsoft Research India presented a Gesture Pod to make using

a smartphone easier for PLVB.[6] There currently is no popular tool to help

PLVB use smartphones better as smartphones themselves are a recent innova-

tion. While some PLVB have enough vision to see a smartphone screen, many

do not have that ability. The Microsoft team’s Gesture Pod is a device that

clips onto a cane that can control a smartphone. A large percentage of PLVB

already have white canes lowering the implied hurdle of needing a cane. When

the device is on, the user can perform gestures to their cane such as spinning

the cane to indicate which task they want to be done on their smartphone.

The Gesture Pod then relays the information it detected to the smartphone,

completing the task.

The team decided that the Gesture Pod should operate on the cane with

gestures based on the ease to use. They chose to use gestures to perform tasks

rather than buttons since they felt using gestures would be more intuitive. They

observed that gestures are easier to learn and remember making them easier

to use. Also, gestures are easy to perform as one would not even need to

significantly grip their cane to perform a gesture as they would need to with a

button. Moreover, they decided to place the device on the cane to avoid placing

the device on the user’s body. Placing the device on the user’s hands would

hinder their ability to use their hands for other tasks. Placing the device on
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the user’s legs could be hazardous when the user is moving around. Placing

the device on the user’s head could lead to neck strain. Therefore, placing the

device on the cane was the most optimal choice.

The challenge with solutions for this issue is finding an affordable solution

that can still be functional. The team cites low weight, good battery life, and

robust gesture recognition. A heavy device can hinder the user in their normal

use of the cane. The device needs to have good battery life for the same reason

we want phones with good battery life: no one wants to be shackled to a charger.

This places power constraints on the device. The device needs to be able to

reliably detect gestures to make the device work. On top of these constraints,

Microsoft cannot make a product that is too expensive as well. Finding a

solution that handles all of these challenges becomes a hurdle in itself.

The Microsoft Team tested the accuracy with which the Gesture Pod recog-

nized gestures. To test the accuracy of the Gesture Pod, Microsoft conducted a

study with 12 participants. Each participant was trained in how to use the pod

and given a cane with the Pod on it. An app was used to randomly call out for

the participant to perform a certain gesture with the pod. The app reads out

5 instances of 5 gestures (25 commands in total) in random order. The motion

the app called out and the motion the Gesture Pod interpreted were recorded.

The pod had an accuracy of around 92% (with 95% confidence).

The Microsoft Team, then, tested the impact it had on the amount of time

needed for the user to perform certain tasks. To test this, Microsoft conducted

a study with 8 participants. Each participant was trained in how to use the

pod and given a cane with the Pod on it. Besides, all participants with at least

three months of experience with a smartphone participated in this experiment.

First, the participants were asked to perform 5 basic tasks (such as answer a

phone call) without using the GesturePod. The amounts of time it took them to
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perform these tasks were recorded. Then, the experiment was repeated but the

participants used the Gesture Pod. The participants were all able to perform

the tasks with the Gesture Pod, but more than three could not perform the tasks

without the Gesture Pod. Furthermore, the participants were able to perform

the tasks 2x to 9x faster with the Gesture Pod than without it. These results

suggests that the Gesture Pod may not only be reliable in identifying gestures

but also effective in attaining its purpose.

3.3 Wearable Camera

A team from Inha University presented an idea to use a multimodal, wearable

interface to help PLVB navigate spaces better.[4] Their interface uses Deep

Neural Networks (DNNs) to have an interface to be able to identify the image

of an object and call out the object. Deep Neural Networks are a branch of

artificial intelligence and machine learning designed to mimic the human brain.

This allows computers to process the image of an object in a similar way to how

a human brain would process the image of an object and be able to identify

it. The team argues that research on intelligent assistance systems for persons

with visual impairment has not been well explored, prompting their decision to

enter this field.

The team designed a prototype of the solution but is nowhere near complete.

The device contains two parts: a camera to be attached to the user’s chest and

a box to be attached to the user’s waist. They chose to use a box over a

smartphone app for the solution so that the solution can be stand-alone. The

box has two buttons. When the user wants to name all of the objects the camera

can see, the user presses button A twice while button B can terminate the search

early. When the user wants to be guided to a specific object, the user would

press button B and say the object they are looking for. The device would, then,
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guide the user to the object. Since their device is still heavily in the prototype

phase, it has yet to be tested to evaluate how much it helps PLVB. Nevertheless,

the device currently has 72% image detection accuracy.

Though they are only in the prototype phase, this device faces serious is-

sues while dealing with stiff competition. The Inha team is working on solving

its image recognition and improving the naturalness of their interactions. To

get their device ready for commercial use, the image detection accuracy would

need to be significantly higher than it is now, otherwise, the device would not

be functional. The naturalness of the Question & Answer system also must be

improved, primarily in the addition of ‘hotwords.’ ‘Hotwords’ have been pop-

ularized in recent years with Google’s “Okay Google” and Apple’s “Hey Siri.”

They make the device more natural in that the user does not need to perform

any movement to use the device, similar to how the user would speak to a hu-

man. The competition in this market puts time constraints on solving these

issues as Microsoft’s Seeing AI app looks to accomplish a similar solution.[5]

The app, however, uses the smartphone instead of its separate device.

4 Designing an Experiment

4.1 Why must we focus on Comfortability

The experiment to understand where to hold a solution should focus on comfort-

ability because that is the core quality of a solution least affected by technology.

The ideal solution would be efficient, accurate, dependable, accessible, universal

and comfortable. The placement of the solution could affect all of these qualities.

However, all of these qualities but comfortability can be manipulated more eas-

ily by technology. For example, a solution can become more dependable if it is

updated to have a better battery life and more efficient if it is programmed with
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faster algorithms. The dependability and efficiency improved with hardware

and software improvements. In terms of comfortability, software improvements

have little impact. Therefore, studying how much size one could take over a

time period would result in useful data.

4.2 Places of Interest

4.2.1 Hand-held Device

Hand-held devices would be a place of interest because we are already accus-

tomed to carrying devices in our hands. This may help allow people to feel more

comfortable carrying more load. Not to mention, 53% of PLVB use smartphones,

a hand held device, while 59% at least use some type of feature phone. However,

a drawback with a handheld device is that people may not trust a handheld de-

vice to guide them just as in the Staircase AR trials. Additionally, making the

solution handheld means the user only has one free hand when using the device.

If the participants find themselves trying to complete tasks without using the

handheld device, this would be noted in the experiment’s conclusion so that

future readers of the results would be able to take that fact into account when

determining solutions. Altogether, this would still be a worthwhile location to

evaluate.

4.2.2 Limbs

Strapping the device on the user’s thigh, forearm, or upper arm may be effective

though none of the aforementioned current ideas placed their device there. The

advantages of having placed the device on a limb is that this would allow the

user’s hands to remain free unlike a hand-held device. Additionally, they offer

a decent range of mobility options for gesture-related input from the forearm,

upper arm and thighs, respectively. These three places would be tested sepa-
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rately. Also, the dominant and non-dominant sides would be tested separately.

The lower leg and foot would not be tested as that would be a safety hazard.

This is because each limb has a different amount of strength and mobility that

may potentially affect results. Though the device may impact the user’s range

of movement, one of the limbs may be the most optimal place.

4.2.3 Torso

Having the device strapped to the user’s torso would grant mobility advantages,

but does not have the same range of motion as other places. Strapping the device

to the torso would give the limbs and hands a full range of motion. However, the

torso offers the least amount of range of motion itself. This impacts the amount

of any gesture input the device may receive. The device would be situated on

the user’s chest as a default though the user would have the ability to place

it anywhere on their torso. This information would be useful for developers

attempting solutions similar to the Wearable Camera as extra space may be

needed if that would add to the device’s accuracy.

4.2.4 Smart Glasses

Having the device on smart glasses may have its mobility advantages, but this

may also be a place that quickly gets uncomfortable. Like the torso, the mobility

advantages of using smart glasses is that the rest of the body would have a free

range of motion unlike the aforementioned places of interests. Nonetheless, the

smart glasses may get uncomfortable very quickly. Because glasses are only

supported by the nose and ears, this may also produce additional safety issues

that will have to be monitored throughout the experiment. Additionally, the

size of the solution may cause the device to slip off the user. If this becomes

bothersome to the user, the weight would be deemed uncomfortable. If users

can handle larger smart glasses, then it may be possible to give people a larger
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pair of glasses equipped with a wider field of vision solving the issue of the

Staircase AR system. This place may have major mobility advantages but may

also have major size constraints as well.

4.2.5 Cane

Lastly, having the device directly on a cane would be tested offering the mobility

advantages of smart glasses with different weight constraints. Similar to the

smart glasses, the device on the cane would allow for mobility advantages than

the hands and limbs because the device is not directly on the body. Unlike the

smart glasses, the device would be supported on a cane which may hold more

weight than a person’s ears and nose. However, the drawback with a device on

the cane is that it may affect the user’s use of the cane itself. The cane is used

to identify objects in front of the user. If the cane itself gets heavier, this may

cut down the user’s maximum distance using the cane. Additionally, it may

hinder the user’s ability to accurately decipher if something is in front of them

or not. If users can handle a larger device, then devices such as the Gesture Pod

may have more features included in them such as combinations of gestures as

an input. Therefore, the exact weight constraints of a cane-based device would

be critical information.

4.3 Experiment Procedure

The experiment would be divided into two parts– weight and volume– to de-

termine the best most amount of weight. Participants would be divided into

nine groups with each group testing one place of interest: handheld, dominant

forearm, non-dominant hand, dominant upper arm, non-dominant upper arm,

dominant thigh, non-dominant thigh, cane and torso. Participant groups will

be distributed as evenly as possible for qualities such as age, visual impairment
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type, sex, height and weight. Each participant will receive a device and instruc-

tions on how to put it on. All devices will start with no additional weight on it.

The same amount of weights would be added in a specified time period. The

size of the device will not be significantly changed. During each period, the

participant would have to interact with the device at least twice– once with a

gesture-based input and once with a button-based input. The participants will

be surveyed each time period they have the device on. The trial will finish when

everyone has ended their weight increments or adding weights has become un-

safe. Then, the experiment will be done again except the size of the apparatus

would significantly increase instead of the weight. The results would then be

recorded.

4.4 Procedural Considerations

This procedure may lead to oversights on physical fatigue and finding the most

optimal size of a solution. Since the operation will continuously increment,

added fatigue from the past time period could hamper participants in future

time periods. Additionally, constant increments may not find the optimal weight

that does not cause long term physical fatigue. Additionally, the purpose of this

procedure is to learn more about the size constraints for different parts of the

body; that is not meant to imply that the most optimal size is the largest

participants can comfortably do. That being said, fatigue and comfort levels

would be tracked throughout the experiment. There should be some idea of

where devices start to strain the user. Ultimately, the procedure should give us

a better understanding of those instances as well.
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5 Conclusion

We need to understand the size constraints of assistive devices on different parts

of the body to design a new solution for PLVB. Researchers have ideas with

how to design a new solution, yet none of these ideas are currently functional.

Additional research still must be done to understand how to improve all of

the core features of a solution. Possible extensions of this work could include

how different inputs, gestures and buttons, affect a user’s comfort level with

a solution. In addition, research into other works such as universality is much

needed. To achieve universality when PLVB have a wide array or visual abilities

is difficult, and it is worth studying if this is even possible at all. Ultimately,

each solution must be evaluated by how it supports and/or improves the quality

of life fro PLVB.

17



References

[1] Kristine Bundgaard, Tina Paulsen Christensen and Anne Schjoldager at

Aarhus University. Translator-computer interaction in action — an observa-

tional process study of computer-aided translation [The Journal of Specialised

Translation]. Aarhus University, Aarhus, Denmark, 2016. This work studied

if computer-aided translation (CAT) tools were actually helping transla-

tors. CAT tools prompt translators with translations faster than human can

translate. However, these translations have been known to give mismatched

translations since they use out-of-date corpora. This study showed that using

these tools would still result in generating translations faster. This study be-

came less relevant to my thesis as it did not specifically mean more advanced

solutions would help PLVB.

[2] Kyle Rector. Enhancing Quality of Life for People who are Blind or Low

Vision Using Computing Technology This work studied if PLVB would ben-

efit if ordinary experiences had interactive features. Rector focused on yoga

and art. She designed alternative interactive experiences for both and par-

ticipants enjoyed them more than the ordinary experiences. Ultimately, she

concluded that the interactive features increases a person’s understanding

and enjoyment.

[3] Yuhang Zhao, Elizabeth Kupferstein, Elizabeth Kupferstein, Brenda Veron-

ica Castro, Brenda Veronica Castro, Steven K. Feiner, Steven Feiner, Shiri

Azenkot, and Shiri Azenkot Designing AR Visualizations to Facilitate Stair

Navigation for People with Low Vision [UIST ’19 Proceedings]. October

20–23, 2019, New Orleans, LA, USA This work studied if augmented real-

18



ity (AR) visualizations on staircases would help PLVB navigatte stair cases

better. They conducted their study using three different devices: a phone, a

projection system, and a pair of smart glasses. The tested the speed in which

study participants ascended and descended as well as how many times they

seemed to lack confidence int heir next step. They proved that AR visual-

izations were more helpful to PLVB in navigating staircases.

[4] Taeyong Kim, Sanghong Kim, Joonhee Choi, Youngsun Lee, and Bowon Lee

Say and Find it: A Multimodal Wearable Interface for People with Visual

Impairment [UIST ’19 Proceedings]. October 20–23, 2019, New Orleans, LA,

USA This work described a camera device which would name either all of

the objects or a select object in a place. A camera is mounted to the user’s

chest while the remote is attached to the user’s waist. The device uses deep

neural networking to identify objects. It currently can identify objects with

70% accuracy. It has not been tested yet

[5] https://www.microsoft.com/en-us/ai/seeing-ai This is the website for the

Seeing AI app. It describes all of the app’s features and use cases. This is

not an official study.

[6] Shishir G. Patil, Don Kurian Dennis, Chirag Pabbaraju, Nadeem Shaheer,

Harsha Vardhan Simhadri, Vivek Seshadri, Manik Varma Prateek Jain Mi-

crosoft Research India GesturePod: Enabling On-device Gesture-based Inter-

action for White Cane Users UIST ’19 Proceedings. October 20–23, 2019,

New Orleans, LA, USA This work studied if a gesture-based device would

be helpful in helping PLVB use their smartphones. They created a device

which attached directly to the cane of the user and sent commands to the

user’s smartphone depending on the user’s cane gestures. They found that

their device greatly improved the efficiency in which the user used their

smartphone.

19



[7] Bernd Tessendorf, Andreas Bulling, Daniel Roggen, Thomas Stiefmeier,

Manuela Feilner, Peter Derleth, and Gerhard Troster Recognition of Hearing

Needs from Body and Eye Movements to Improve Hearing Instruments [2011

Pervasive Computing Proceedings]. June 2011, San Francisco, CA, USA This

work studied if hearing aids could be improved if the aid used a participants

eye movement to increase or decrease the amplification of certain sounds.

The basis of the invention were that people tend to look at what they want to

hear. Though this study showed correlation to eye movement and listening,

it was not helpful to my thesis because I focused on visual assistance.

20


