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General Research Problem 

How can technology better serve human wellbeing?  

  Technology can empower its users, for example by restoring capacities to persons with 

disabilities. Yet it can also compromise personal autonomy, for example by fostering behavioral 

addictions in the form of compulsive social media engagement. Excessive engagement with 

digital media can impair wellbeing (Anderson & Rainie, 2018). Website design can influence 

user behavior, either to promote or to prevent compulsive use (Binns, 2014).    

 

3D Printed Rehabilitation Robotic Exoskeleton 

What robotic exoskeleton design best aids users with limited mobility in their rehabilitation? 

 My capstone advisor is Sarah Sun in the Mechanical Engineering department. This 

capstone project is for MAE 4610. My team consists of Joel Valentin, Abigail Kong, Alex 

Parson, Caleb Jung, Carly Thurman, and Madison DePierro. 

 Our team seeks to build an inexpensive wearable robotic exoskeleton for stroke 

rehabilitation patients. According to the American Heart Association,  about every 40 seconds a 

person in the US has a stroke (American Heart Association, 2022). Oujamaa et al. (2009) 

concluded that post stroke, early motor function takes at least 25 hours to improve. Lean tissue 

mass (including muscle) loss is significant in paretic limbs after stroke (English et al., 2010). 

Despite the cause and effect relationship between strokes and muscle loss, the fact is that 

researchers have concluded that there is a low patient adherence to follow-up guidelines 

following stroke (Pedersen et al., 2018). Knowing this our exoskeleton design will aim to factor 

in the end user by being open source and operable at home. 
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 Our project will use a combination of soft pneumatic actuators and motors to operate a 

preprogramed upper-body exoskeleton through selective therapeutic stretches. The exoskeleton 

must be heavy enough to support a patients arm under however light enough that it does not 

induce pain on the wearer. The exoskeleton must also produce repeatable results across exercises 

in order to provide a relative standard of care.  

 Most modern upper-body exoskeletons are large and clunky with more than 4 degrees of 

freedom. While they may have 7 degrees of freedom, they can struggle to achieve joint specific 

therapy (Shen et al., 2018). They also may require patients to travel to the device. Knowing there 

is a low patient adherence to follow up visits after strokes, having a portable exoskeleton that 

maintains the ability to travel to or with the patient may increase its usage. By narrowing degrees 

of freedom to 2-4, this increases the capability of joint specific therapy.  

 The Denvait-Hartenberg Convention (DH) will allow us to examine the kinematics of a 

multiple degree of freedom system (Denavit & Hartenberg, 1955). Using DH equations, we can 

understand the exoskeletons position and orientation of the arm.  Possible signal inputs from will 

come from inertial measurement unit (IMU) or electromyography (EMG) sensors, allowing our 

group the option to program specific feedback control. IMU sensors will allow for measurement 

of the orientation of the exoskeleton. EMG sensors will allow us to measure small electrical 

signals from the muscles and appropriately operate the exoskeleton based off the user input. By 

focusing on approximately 4 degrees of freedom specifically concerning the shoulder and the 

elbow, we may be able to better target specific joint therapy motions. Using 3D printing for our 

design allows for an open source and lightweight design while undergoing rapid prototyping. 

This will produce multiple prototypes to be tested and modified for the various constraints 
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mentioned earlier. The end product should be an open source design that is lightweight, cost 

effective, and produces a repeatable therapeutic motion for patient rehabilitation.  

 

The Struggle for Control of User Data 

In the U.S., how are privacy advocates and data collectors competing to influence digital data 

privacy standards?  

 Digital data is collected to track and influence Americans daily. The 1986 Electronic 

Communications Privacy Act (ECPA) offers some online privacy protections, but civil 

libertarians contend it is outdated (Calabrese, 2010). Large tech corporations have had unlimited 

access to personal data for decades.  Privacy advocates have been seeking stricter regulatory 

standards.  

 The American Innovation and Choice Online Act (AICOA), a bill now before the U.S. 

Senate, would prohibit online platforms from promoting their own products by excluding 

competitors or by applying their terms of service selectively.  The bill would restrict  some uses 

of nonpublic data generated on the platform and grant competitors’ access to the data (S.2992, 

2022). Senator Dick Durbin, a cosponsor of the bill, said in October 2021, “Choice is 

fundamental to competition. American consumers have been systematically denied access to 

critical information about their market choices. This new bill will fight strong arm tactics used by 

Big Tech to disadvantage their consumers and exclude competitors from the marketplace” 

(Klobuchar, 2021).  

 Several privacy advocates are involved. Fight for the Future, an advocacy, led the 2012 

Internet Blackout to protest the Stop Online Piracy Act (SOPA) and the Protect IP Act (PIPA)  

(Sheehan, 2017). These bills were backed by Hollywood with the goal of censoring websites 
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under accusations of copyright infringement. Fight for the Future claims s.2992 (AICOA) could 

impose proper changes that would begin to release us from “Big Tech domination” (Fight for the 

Future, 2022). Electronic Frontier Foundation (EFF) is a nonprofit advocating for online civil 

liberties. EFF uses litigation to protect data privacy. Through its “Cover Your Tracks” website, 

users can access their ‘digital fingerprint’ and learn how to secure their data (EFF, n.d.). 

American Civil Liberties Union (ACLU), an advocacy, publicizes data collection practices and 

means of limiting them.  It warns that the U.S. has no national privacy policy, and that 

corporations with use legal jargon to ensure company access to use your data (Stanley, 2019). 

  Trade associations protect corporations’ access to user data. The members of the 

Chamber of Progress include Amazon, Apple, Google, Meta (formerly Facebook) and Twitter.  

It characterizes itself as “a new center-left tech industry policy coalition promoting technology’s 

progressive future,” asserting that “voters do not prioritize tech regulation as a public policy 

issue (Chamber of Progress, 2022b). Chamber of Progress Claims AICOA would prevent social 

media platforms from removing hate speech (Chamber of Progress, 2022a). The American 

Economic Liberties Project opposes monopolistic corporations. It’s executive director, Sarah 

Miller, contends that the Chamber of Progress is an astroturfed group “intended to head off 

policymakers’ effort to break up these companies” (Friedman, 2021).  

 Researchers have stressed the importance of data protection. Drummond et al. (2015) 

concluded that because most email services collect data for targeted advertising, they put HIPPA 

patient data at moderate to high risk.  Using a software plugin called policyxray, Libert (2018) 

studied the privacy policies for their third-party data tracking standards.  He found that to read a 

privacy policy through, users need an average of 84.7 minutes, excluding time for locating the 

policy and for rereading segments of it, and concluded that the typical notice and choice policy 
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fails to reasonably notify consumers of what they are agreeing to (Libert, 2018).  In a study of 

data in politics, Howard (2005) found that politicians use them to target ads and lobbyists use 

them as polling data.  Contending that internet access is a human right derived from rights of 

expression and to information, Mathiesen (2014) proposes a “Declaration of Digital Rights” to 

protect users.  
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