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Designing the Machine Learning Experience

Introduction
Machine learning systems are found everywhere. They support everyday technology: search sys-

tems, social media news feeds, fashion advice apps. But machine learning is also used in extremely

high impact prediction and decision making systems to predict credit scores, health diagnoses,

and allocate child protective services. The essential question I address is: how can we design these

machine learning systems so that users can understand them, engage with them, and feel empow-

ered in an increasingly automated world. Current systems are largely opaque, and while there is

a growing interest in explaining machine learning decisions, we need to understand how users

can operationalize those explanations, and exert control even when explanations are impossible.

To do this, my research focuses on designing the user experience of machine learning, drawing on

methods and approaches from computer science, psychology, design, communication, and media

studies. I hope to help build a world – through understanding users, designing new technology,

and proposing new policy – in which all users no longer feel resignation in the face of the algo-

rithmic decision making around them, but instead feel both hope and control.

In my experience, this research topic has proved attractive to both graduate and undergraduate

students. I have had the pleasure of mentoring over 15 undergraduate and graduate students over

the course of these projects. Students are excited about working on technical challenges that are

highly attractive to industry, like machine learning, web development, and UX. Students are also

eager to help because the discoveries impact everyday technologies but also in�uential systems gar-

nering growing attention from regulators, technology policy makers, and the popular press.

Thesis Research
In my dissertation, my research focused on one aspect of the user experience of machine learning:

designing for user agency and control. Feeling a sense of control is essential to human well being.

Unfortunately as algorithmic decision making and governance systems increase in prevalence, im-

portance, and impact, users have felt resignation and fatalism because of their lack of control over

these systems. My work has sought to understand how to design systems so that users feel more

agency and control. In particular, my work has focused on understanding two possible mecha-

nisms for control in these decision making systems: control settings and contestability.

Control Settings: In my research, I discovered an important gap in the study of user experience

design. Control settings form a natural mechanism for providing users control over algorithmic

curation decisions, as well as their interactions with systems more generally. Similar control set-

tings have been studied extensively in safety critical systems, as in human factors work on control

settings in aircraft and factories. I found, however, that control settings of online systems – while

present on almost every online system – have been studied only in the privacy domain. Do users

know what control settings exist and how to use them? How do they engage with them? And do

users have the appropriate level of trust for their use?

In one project, I found that users had little awareness of existing control settings and that current

designs of control setting systems fail users. In this project, I mentored a �rst-year PhD student in

Computer Science through the development of a mixed methods study (in submission), which

paired a large-scale online survey and in-lab interview. The online survey found that users believed

that social media platforms provide many more control settings than they actually do. At the same
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time, people often struggle to �nd control settings that can accomplish tasks they need: the in-lab

experiment discovered that all users were unable to �nd control settings for at least one task.

In a second set of studies, I discovered that control settings can improve users’ experiences even

when they do not work. For this project, I built an experimental tool to go beyond the control

settings available on existing platforms. This tool provided control settings to curate participant’s

own social media news feeds, but provided both real and "placebo" control settings. The control

settings made users more satis�ed with their news feed, even if the control settings did not work [5].

Social media platforms have encountered regulatory problems (including record-breaking �nes)

when they have provided control settings that did not work. As my work shows, this can be a seri-

ous problem, since even unintentional bugs may overlooked by over-trusting users. In an on-going

project on which I am mentoring an MS student from the iSchool, we are exploring how users

engage in sensemaking around such control settings, to understand how they can be designed to

support the appropriate level of trust.

Contestability: Another important mechanism for control is designing algorithmic decision

making systems for contestability. Contestability is a deep system property, providing mecha-

nisms for users to understand, construct, shape and challenge model predictions. It can form

an important mechanism to correct erroneous decisions; for example, at one point, Facebook sus-

pended many Native American users for violating their “real name” policy, because these users had

last names like “Lone Hill” or “Brown Eyes”. It also o�ers advantages, because it does not require

exposing the levers of the algorithmic system directly (unlike control settings), and can address

potential limitations and drawbacks of transparency in such systems. To encourage engagement

with these ideas in the ACM community, I organized a workshop at CSCW 2019 on this topic [2].

In my own work, I have explored designing for contestability using both large-scale online surveys

and participatory design workshops. Using a large-scale online survey (which included develop-

ing and validating a survey instrument), we found that when adding appeals in an experiment,

users report no improvement in perceptions of fairness, trustworthiness, accountability or feel-

ings of control. Unfortunately this work also found that users reported a feeling of resignation in

the face of system decisions (in submission). As a result, we are now exploring alternative designs

for appeals that can provide mechanisms that actually do improve perceptions of fairness, using

a series of participatory design workshops to explore how users understand automated health di-

agnoses and credit scoring decisions. Using participatory design practices, we are capturing how

users wish to contest these automated decisions.

Other Research
Outside of my thesis, several projects explored data-driven design and ethics of technology. These

di�er from my thesis research, because they focus on the more general question of designing

around machine learning – how to design good user experiences for such systems but also how to

design these systems into broader social and political contexts.

User Experience + Machine Learning for Fashion: In one set of projects, I explored more

broadly how to design the user experience of machine learning applications in fashion. In this

work, we built several tools to explore possible user experiences. In the �rst, I built a machine

learning model (polylingual topic model) that could learn the mapping between high level style

descriptions of an out�t and the design elements (e.g., the color, silhouette, fabric, trim, etc.) of



Research Statement Kristen Vaccaro

the items that make it up [4]. The model I developed learned fashion concepts jointly in two lan-

guages: a style language used to describe out�ts, and an element language used to label clothing

items. I trained the model on a set of more than half a million out�ts I collected from Polyvore,

a popular fashion-based social network. This model was able to answer fundamental questions

from fashion theory, but also to support novel, data-driven fashion applications that allow users

to express their desires in natural language just as they would to a real stylist, and produce tailored

item recommendations for their fashion needs.

To explore such natural language interactions, I also built a chatbot to connect users to personal

stylist advice. The study we ran using this tool functioned as a need�nding exploratory study, ex-

ploring how users interact with chatbot personal stylist assistants [3]. I interviewed professional

personal stylists to capture how they give advice, and then designed a chatbot interface that con-

nected users with personal stylists. Using real conversation logs, we were able to categorize the

most commonly requested types of advice, and proposed a model of staged automation, where

easy to successfully automate advice could be provided using machine learning models and di�-

cult advice could be provided by real stylists. As more data was collected, this could train increas-

ingly sophisticated models.

Technology Policy: Many topics in my research have important implications for technology pol-

icy, particularly the design of machine learning and social media systems. In a workshop posi-

tion paper early in my career, I proposed that researchers should be exempt from terms of service

agreements when conducting important oversight of algorithmic systems [1]. This work led to

updates to the ACM Code of Ethics and a lawsuit challenging the Computer Fraud and Abuse

Act (CFAA). More recently, I have participated in a technology policy fellowship coordinated by

the law school at George Mason University, to develop the skills and strategies to engage policy-

makers and o�cials.

Future Work
Impoverished Control: I found that despite the existence of hundreds of control settings on

social media platforms, users still experience impoverished control – that is, they turn to impro-

visational approaches to see what they want on their news feed, because despite the number of

controls that exist, they have major design problems. In the near term, I plan to explore the con-

cept of impoverished control further. Based on our initial �ndings, it seems likely there are many

contexts in which existing controls fail to meet users needs. While our existing work has focused

primarily on social media platforms, there are many other existing systems that use control set-

tings, and where the use and impact of those control settings is poorly understood: ecommerce

platforms, crowdfunding sites, desktop and mobile applications, and many others. Given the fa-

talism users often express in the face of data brokerage, I would like to explore whether control

settings can be built to support users needs better. First, using prior work on user responses to

data brokerage, I would prototype a number of control settings for a suite of platforms that all

link to data brokerage. For example, a set of controls for users engaging with ecommerce sites (like

Amazon), with credit sites (like Chase), and with ad placement sites (like Instagram). I would

run within subjects experiments where users engage with control settings through the many en-

try points to the data brokerage system, and explore whether they improve user perceptions of

agency and control. I would also like to explore two additional experiments: 1) whether system

interventions that add algorithmic literacy, without adding control settings, improve or reduce

feelings of agency and 2) whether higher level "summary" controls (in the vein of control settings
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for video games that allow users to select shorthands like "high" or "low" graphics quality rather

than detailed speci�cations) o�er further improvements compared to current designs, with con-

trol settings disjoint and found throughout the system. Understanding how users engage with

control settings within and across these platforms could help design mechanisms for control that

actually meet users’ needs.

Explanations: As my work on contestability has begun to explore, the ability to in�uence and

shape a decision making process is closely tied to the ability to understand it. In my future work, I

plan to more closely tie my work on agency and control to the study of explainability in machine

learning systems. In particular, I am interested in what kinds of explanations users �nd useful – for

example, for both accepting and rejecting recommendations – but also what kinds of explanations

provide users what they need to in�uence the decision making. This goes a step beyond explain-

ing the system reasoning, it also requires that user understand what aspects of that reasoning can

be in�uenced and how. A closely related topic I plan to explore is interaction anticipation, that is,

how users can anticipate how the ways they use a system will impact future interactions. Thus far,

this framework has been considered only in narrow veins (e.g., designing social media platforms

for after death). I intend to explore this framework as a way of understanding how people can

make sense of machine learning systems. To do so, I would build a machine learning system that

learns from user interactions and feedback – for example, the fashion recommendation applica-

tions I have previously developed or a predictor for creditworthiness. I would then design a suite

of tools to help users visualize and make sense of how the system works and how its functioning

shapes their interactions. Since past work has also shown the in�uence of feelings of agency and

control on algorithm aversion, I also plan to test the interplay of these factors with di�erent forms

of explanation. Through this work, I hope to discover what the right level of control and under-

standing is, which leads to the appropriate level of trust and engagement with algorithmic systems.

Fairness: Finally, as we have begun to explore, ideas of control, agency and having one’s voice be

heard are deeply connected to perceptions of fairness, trustworthiness and accountability. In the

past we explored these ideas using large scale surveys and via tailored participatory design work-

shops. I would like to explore them further using longitudinal studies, speci�cally by developing

a long-term process in which participants are educated about these algorithmic systems and then

participate in the development of technology policy proposals that address what they consider the

pressing issues around fairness and ethics in technology. Given the growing interest that legisla-

tors have in developing policy in this area, and more importantly, given the resignation users feel

in the face of deeply embedded structural aspects of technology (for example, the way the data

brokerage economy operates), one of the most signi�cant future modes of control is to give users

a real voice in how technology is regulated.

While I think funding for these programs can come from the National Science Foundation, I

think this area, because of its direct application to system design, can attract funding from many

corporate donors (prior funding has included Amazon, Capital One, and even “fast fashion”

brands). In addition, because of its signi�cant societal impact, I think it can also attract fund-

ing from private foundations, like the MacArthur, Sloan and Ford Foundations.
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