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Abstract

Ischemic strokes may result in hand paralysis and cause patients to lose confidence in their hand’s ability to
perform daily activities. We hypothesized that by increasing the strength of an added hand support device, the
population’s frequency and duration of grasping and confidence would increase. Our preliminary results obtained
from an experience-based interview highlighted this lack of confidence and gap in existing devices.

Our concept addresses user needs by making it light-weight and easy to use. The exoskeleton support glove
has segmented supports embedded, enhanced fingertip grips, and a LED visual display for grip strength, allowing
users to gauge their applied strength.

Three varying exoskeleton materials will be tested to identify which composition can deliver optimal results.
The user would grasp three objects when performing specified frequency and duration tests. With the success of
this work, ischemic stroke patients will be able to augment both their strength and assurance.

I. INTRODUCTION

About 87 percent of 795,000 strokes yearly are ischemic strokes, resulting in paralysis, vision problems,
and memory loss. Even after a grueling rehabilitation process, new adjustments to daily living activities
have to be made to compensate for skills not fully regained.

One of the most common post-stroke effects include loss of overall body strength and impaired hand
functions. While there are existing rehabilitation therapies, there is no guaranteed method for people to
completely recover to their former physical state. Patients may lose confidence in their hand’s capabilities
to perform daily activities, detrimentally decreasing its use and muscle strength over time.

Current devices that exist for increasing hand strength possess some limitations. One example device
is a 3-D printed exoskeleton used to augment hand strength. It works well at assisting grasping and
pinching force, though gaps remain in comfort and use – specifically the heavy weight of the device. [1]
Additionally, it does not focus on users regaining confidence in their hand’s ability to securely grasp an
object. Therefore, it is important to bridge this gap by developing a device that not only allows post-stroke
patients to increase strength but also their trust in their hands’ abilities.

A. Background
In the United States, a person suffers from a stroke approximately every 40 seconds [2]; strokes are also

a leading cause of long-term disability [3]. They can occur at any age, although they are more common
with increasing age. Ischemic stroke is the most common type and occurs when a blood vessel is blocked
in the neck or brain. The effects of a stroke depend primarily on the location of the blockage and to
what extent the brain tissue is affected. Since one side of the brain controls the opposite side of the
body, a stroke affecting the right side can result in neurological complications on the left side of the body
including paralysis, vision problems, and memory loss [4].

Rehabilitation is often implemented post-stroke to help patients relearn skills that were suddenly lost as
a result of the partial brain damage. With repetitive and customized practice, post-stroke patients are able
to regain daily functions; however, rehabilitation also teaches new ways to compensate for any remaining
disabilities – for example, learning how to bathe and dress with only one hand [5].

People’s quality of life post-stroke is significantly diminished due to added restrictions on their daily
activities as a result of their overall physical strength and functions. In fact, over 80 percent of stroke
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Fig. 1. This figure shows an example 3D printed exoskeleton being tested now as a hand augmentation device. [1]

patients experience problems with hand function due to hemiplegia [6]. This includes side effects such as
potential loss of grip and pinch strength, which are both crucial to performing basic daily activities [7].
Specifically with the loss of physical strength and functions post-stroke, these patients require additional
support from either other people or devices to perform their regular tasks. There is also a short time
constraint of 1 year for recovery of physical functions post-stroke as effects of rehabilitation tend to
diminish beyond this period [8].

In addition to all of the aforementioned downfalls of post-stroke life, patients have a difficult time
regaining confidence in their previously paralyzed side of their body. Specifically, it becomes difficult to
trust their own body’s capabilities for daily tasks even after receiving therapy [9].

With the fact that almost a million people in the United States suffer from the weakness of hand
strength due to various reasons, novel techniques are applied to build products to augment the human
hand strength. One example is a 3-D printed exoskeleton designed for better grasping and pinching [1]. The
major structure of the exoskeleton is 3-D printed using durable ABS plastic, which results in a relatively
huge saving of the cost compared to using metal materials. This exoskeleton glove is experimentally
proven to be effective in augmenting grasping and pinching force while reducing the need of human arm
muscle activities. However, this device is very large and heavy and does not address the main concern of
regaining trust in the body’s ability.

Therefore, a large gap between user needs and existing devices needs to be filled. An ideal device
would not only allow post-stroke patients to increase strength but also increase their trust in their hands’
abilities to grasp and hold objects. Users seek a device that could be easily integrated into their lives that
gives them a quantifiable measure for when they can place their trust in the device. This reliance can
slowly translate into confidence in their own hands to ultimately return to their previous daily lifestyle
and perform tasks with reassurance.

B. Overview
We hypothesize that by increasing the strength of added hand supports, the population’s frequency and

duration of grasping with the paralyzed hand post-stroke will also increase. This increased frequency and
duration is an outcome of the users’ confidence level in trusting their hand’s ability to perform daily
activities, such as holding heavy objects and grasping utensils, for example.

If this hypothesis holds true after testing (Section III-B), it could alter how engineers approach designing
strength augmentation devices for ischemic stroke patients by focusing on increased use through user
confidence (Section IV). These findings might also hold implications for clinical outcomes of ischemic
stroke, specifically hand dexterity strength, grasping abilities, and trust. (Section V).

II. PRELIMINARY RESULTS

Our team conducted an interview over a video conference on Zoom for a duration of 45 minutes.
Alongside the interviewee, there was one interviewer, one note taker, and one observer present. The
interviewee was an older adult of 85 years who suffered from an ischemic stroke approximately 13 years
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ago. After taking a long flight from America to India, she went to the emergency room with her first
ischemic stroke. After being discharged, she soon returned three days later to the emergency room with
another ischemic stroke. This time, the stroke resulted in paralysis of the left side of her body.

The main topics of our interview were categorized into the following: background information, 6 months
after stroke, current hand function, daily activities, and current products used. We used the method of
contextual inquiry to determine how the interviewee functions in her day-to-day life post-stroke. Through
Zoom, we were able to observe her accompanied hand motions when describing tasks she performs daily
and some she struggles with. We also observed a demonstration of rehabilitation exercises, for example.

Furthermore, our team embodied the apprentice and expert role, highlighted within contextual inquiry,
to ensure the interview revolved around the interviewee, maximized our learning, and strayed from an
interrogation or survey format.

Fig. 2. This figure highlights the primary user needs determined from interview for our support device (SD).

After conducting the interview, one of our biggest takeaways was that our interviewee did not rely
on her left hand, which was previously paralyzed, to perform daily activities. Although she received
rehabilitation post-stroke, she expressed that she still did not regain the same functions in her left hand
prior to the stroke even after 6 months of therapy. Therefore, this served as one of our primary interpreted
needs. We wanted our support device to be focused on increasing confidence in using her previously
paralyzed hand and helping her better perform her current daily activities instead.

Furthermore, we learned in more detail about her rehabilitation exercises. Our interviewee informed us
that one of the aspects she liked in her previous therapy experience was performing them with her own
body. She preferred not to have to figure out how to use a device. Our interviewee also stated that she
does not currently use any device in her daily life and is accustomed to this type of device-free lifestyle.
Being unfamiliar with the novel technologies, the support device should be easy to use, easily integrated
into his or her life, and be able to assist her in performing her daily activities.

With regards to performing daily tasks, our interviewee mentioned she feels a lack of confidence
performing daily activities that typically require grasping force – like holding a glass of water. Therefore
the interpreted user need was to help increase confidence by augmenting strength.

The most challenging task for the interviewee is using the bathroom. It requires the coordination of
many muscle groups and comprehensive hand functions to complete showering, which is hard for people
who have experienced some loss of hand functions after ischemic stroke. This pain point requires the
support device to be very robust in waterproof and the capability to perform various motion supports.

The primary user needs are highlighted in Figure 2.
These preliminary results support the hypothesis as one of the needs is to provide confidence through

augmenting hand strength with our device. We believe that by increasing the strength of added hand
supports, users will increase frequency and duration of grasping with their paralyzed hand post-stroke.
Through this increased use, the user may feel more comfortable and secure in performing daily tasks with
their alternate hand.
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III. METHODS

A. Device Concept
Our exoskeleton support glove (Figure 3) will help users regain use of the hand that lost function after

the ischemic stroke. It incorporates grip capabilities on the fingertips to increase dexterity and ability to
grip slippery objects. A layer of sturdy material will be embedded into the glove in segments to allow for
easy movement and support for tasks such as lifting objects. With the added support, the user will feel
more confident in relying on their hand after rehabilitation; through this increased use, the users are able
to augment their muscle strength by increased hand exercise.

There is also a LED display that represents the user’s grasping strength. The 5 lights are turned on in
proportion to the maximum force, which is detected by the force sensors on the finger tips, applied. For
example, 3 of the total 5 LED lights on would represent moderate strength and reassure the user that he
or she can be confident in their grip. Also, to prevent very low strength that may result in slip or very
high strength that may damage the sensor, the LED will flash all 5 LEDs with a 0.5 second interval to
alert the user when these certain forces are applied. The Arduino located underneath the dorsal support
will ensure the coding for this task.

This support glove could be worn as the normal gloves, with some adjustment of the size to fit to
different types or sizes of fingers, which could be easily integrated to daily activities.

Fig. 3. This figure demonstrates a digital drawing of our ekoskeletal support glove design.

B. Testing
1) Proposed Study: The study is aimed to help post-stroke patients who missed the golden period to

fully recover their hand strength and functions to regain confidence via our support glove device. The
study would examine our device’s ability to help users start using their weakened hand more often again
by supplementing them with the additional strength necessary to perform their daily tasks and increase
their confidence level.

2) Testing Procedure: The testing procedure is focused on examining the relationship between the
strength of hand supports and the frequency and duration of user’s grasping motion. To do so, we would
first prepare a few different samples of our device with exoskeleton support materials of varying strength.
In this study, we would be testing 3 different support materials: steel, aluminum, and titanium. The control
sample to compare these samples to would be the user’s physical hand without the usage of the device.
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The testing procedure for the control and 3 different samples specified above involves the user per-
forming a series of grasping tasks. In this study, we are testing the following 3 specific tasks:

1. Picking up a full cup of water 2. Picking up a pencil 3. Picking up a ball
These tasks are chosen based on objects that we expect most user to commonly encounter in their

daily lives. To test the effects of different device on frequency performance for each task, the user would
repeat the task as many times as possible in a set time frame. To be specific, we would record how many
times the user picks up and puts down an object in 5 minutes for each of the 3 tasks specified above for
each of the 4 device testing samples (including the control sample). And to test the effects of different
exoskeleton device material on grasping duration, we would have the user hold each object for as long
as possible and record the time as reference.

Each of the aforementioned test cases would be repeated 5 times to collect a sufficient sample size
for capturing any uncertainties. To ensure that the user’s fatigue does not impact the collected result, we
would ensure that the user rest for at least 10 minutes in between each test case.

3) Expected Outcomes: All 3 testing samples of the support device (steel, aluminum, titanium) is
expected to achieve greater results than the control sample for both the frequency and duration test. Thus,
this would prove our hypothesis that the use of our support device in augmenting the user’s hand strength
can help deliver greater confidence in their hand usage.

Of the 3 different support device samples tested, we expect the titanium sample to have the highest
results because its material composition provides a good balance of strength and weight. In other words, a
titanium exoskeleton support can result in high tensile strength while still keep the device light weighted.
It also has additional qualities of high corrosion and temperature resistance that would allow the user to
utilize our device for a greater variety of tasks.

IV. INTELLECTUAL MERIT

Our device can be of merit to any scientist or engineer in the biomedical engineering field, especially
those focusing on hand function recovery devices. Engineers can build upon our device’s exoskeleton
design and further optimize it to deliver greater strength, structural integrity while still maintaining the
user’s agility.

Furthermore, users who have experienced ischemic strokes desire a device that helps them regain
confidence in using their hands (I-A). This study will help engineers alter their perspective when designing
to one that focuses on the feelings behind the user when interacting with a product. If this work is
successful, researchers who specify in the field of hand rehabilitation can also take inspiration from our
device’s design and adapt them for rehabilitation purposes. For example, our device can be modified to
include additional strength training mechanisms targeted for different areas of the hand to optimize hand
recover of post-stroke patients.

V. BROADER IMPACT

People who have suffered from inconveniences caused by loss of hand strength after ischemic strokes
can benefit the most from our design. Our device could help numerous people regain their usage of hand
and confidence level – an area that most designs do not highlight. With attributes of easy integration,
light-weight, and ease of use, our device has a broader and deeper impact on the recovery of our target
group.

Not only does this device help users increase use of their previously paralyzed hand, but it also reshapes
their confidence to provide a new perspective when performing daily activities. The broader public has
the opportunity to expand upon our idea and incorporate the aspect of increasing user confidence within
their own inventions. Hand strength weakness after ischemic stroke should earn broader public care, and
our device has the potential to benefit this group of people with low cost and high efficiency.
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APPENDIX A
INVESTIGATIONAL DEVICE DETAILS

Fig. 4. Initial sketch of design

Fig. 5. Non-functional prototype showing exoskeleton structure (left) and use holding a cup (right)

Our product, represented in the digital drawing in Figure 3, has a very similar appearance compare to
the normal gloves. Through the brainstorming (Figure 8) and weighted matrix processes (Figure 9), our
team came up with exoskeleton device and finger grip idea as our most valued concept. Therefore, we
decided to combine those two ideas so that our device is composed of both enhanced grip fingertips on
the outer surface of glove and the exoskeleton structure within the glove.

The main structure of the glove is composed of two layers of normal glove’s material, with the
exoskeleton device embedded in between the two layers, and an Arduino board with five LED on the back
of hand. This is to make sure that the device could have a similar appearance to a normal glove. From
the cross-section view on the right bottom side (Figure 3), you could see that the exoskeleton device is
wrapped by glove materials to allow for comfort to the user of soft material in contact with the skin while
feeling the support of the exoskeleton structure. Another aspect of this design is that the glove material
could protect the user from potential damage from exoskeleton structure in scenario that the structure is
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broken because our interviewee is not familiar with exoskeleton device. There are more design details
like forearm strap, which is used to prevent the glove from falling off the user, and the dorsal support,
which strengthens the exoskeleton structure. The fingertips of our device is composed of two parts. One
is encased exoskeleton support, which is used to fit each dactylus of finger. Another is tensioners that lay
across all the encased exoskeletal support to hold the structure.

Another design feature is the enhanced grip fingertips for increasing friction when grasping a slippery
object. This could largely enhance the confidence of use of hand when they approach curved objects with
less friction on the surface, like a glass of water, for example.

Furthermore, the LED display quantifies the user’s grasping strength in a visual manner. The 5 lights are
turned on in proportion to the maximum force, which is detected by the force sensors on the finger tips,
applied. Also, to prevent very low strength that may result in slip or very high strength that may damage
the sensor, the LED will flash all 5 LEDs with a 0.5 second interval to alert the user when these certain
forces are applied. This would be accomplished through the accelerometers embedded in the fingertips
that would indicate when an object is intended to be lifted or moved. If not enough grip is applied, then
the alert would inform the user. The Arduino for these tasks is located underneath the dorsal support.

The inspiration of the design came from our background research and interviewee, as she was afraid to
use her paralyzed left hand even after rehabilitation training. The overall weakness of hand causes issues
including dropping of cups and other activities of grasping. Our design could increase the use of the weak
hand after ischemic stroke by allowing our interviewee, or other users in similar condition, to feel like
they have a stronger hand to perform daily tasks when wearing our glove. The enhanced grip fingertips
also make sure the user could grasp things even with less strength, which could improve their confidence
to use their hand more frequently in daily life. The light weight design is also extremely suitable for
people who have overall weakness of the whole arm other than just the hand.

APPENDIX B
COLLECTING AND ANALYZING INTERVIEW DATA

A. Question Preparation for Interview
1) Beginning Elements:
• Thank participant for agreeing
• Remind that they can stop anytime and do not need to share anything they do not want to
• Can we get permission to record the audio or video
• Remind that data will remain confidential
• Introduce our team, team members and our course project
• Gives a rough agenda about today’s interview and what to expect to answer
• Any questions before beginning

2) List of Topics and Questions:
1) Tell us about yourself.

• Age
• Location
• Hobbies

2) Tell us about the stroke you had.
• When did it happen?
• Were you taken to the emergency room? How long did you remain in the hospital?
• What was the diagnosis by the medical professional?

3) How was your body affected in the week after the stroke?
• Did those symptoms disappear?
• How long did that take? Which ones remained?
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• What did you find easy and difficult to do?
4) What is your current state of hand function?

• Have you recovered from the stroke?
• Do you find anything different with your hand function between now and before the stroke?
• Is there a difference in your pinch or grip function after the stroke?

5) Did you take any therapy or treatment afterwards?
• Tell us more about this therapy.
• What devices they did use to help you? (Follow up on the product details)
• What did you like/dislike about the therapy?

6) Do you use any products to assist you during recovery?
• Are you aware of any products that can help you with this?
• When and why do you use this type of product?
• What has prevented you from using those types of products?

7) Do you use any products to assist in daily life right now?
• What is product and its purpose?
• If unaware, what contributes to lack of knowledge.
• Do you face any difficulties? Looking for any improvements?

8) Tell us about your daily activities.
• Do you receive assistance for any of them?

9) What did you do today when..? (Ex: eating lunch, getting ready in the morning)
• Rank how difficult these examples have become post stroke compared to before (1-5)

10) Do you know anyone who also had a stroke but facing different difficulties than you?
• Information about the person?

3) Concluding Elements:
• Thank participant for their time
• Remind them that data will be kept confidential
• Explain next steps
• Any follow up questions

4) Roles: Interviewer: Himani Patel
• ask questions
• communicate with need knower
Note Taker: Haohong Lin
• write down exacts words
• document interesting quotes and facts
Observer: Winnie Lai
• view nonverbal cues
• make sure nothing important is missed during interview

B. Interview Analysis
Our team analyzed the key takeaways from the interview and developed a user needs chart (Figure 6)

and hierarchical needs summary (Figure 7).
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Fig. 6. This table highlights the user needs chart from customer statements

Fig. 7. This figure showcases the hierarchical needs developed from the interview

C. Brainstorming Divergence
The following process was used to brainstorm ideas:
1) First, each member individually developed 5 ideas for hand recovery device (RD).
2) Then, we each voted on the others’ members ideas to select which specific ideas to expand further

on
3) Next, we utilized the 3-2-20 brain-writing technique in which each member expanded on one idea

for 2 minutes then rotate to a different idea.
4) After the above brainstorming sessions, we’ve generated a total of 20 ideas for the RD.
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Fig. 8. This figure showcases the brainstorming of ideas.(red=support, green=strength - squeeze, blue=strength - lift, purple=grip)

D. Idea Convergence
To evaluate our ideas, we categorized them into 7 groups (Figure 8), based on redundancy and overlap,

and ranked them on a scale of 1-5 for the following criteria: ease-of-use, safety, effectiveness, cost-effective,
reliability, customization, integration, and novelty.

Fig. 9. This figure shows the final results of our weighted matrix after our idea convergence

After group discussion, we decided to have our final idea be an exoskeleton support glove, with added
finger grip capabilities, to help our customer regain use of the hand that lost function after the ischemic
stroke. The glove will have a layer of sturdy material embedded into the glove material to increase
strength and support for tasks such as lifting objects. Additionally, they will be segmented into sections
representative of finger segments to allow for easy motion. The fingertips will have an external material
that allows for increased grip function. III-A


