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ABSTRACT
In this work, we describe some of the challenges Black-owned

businesses face in the United States and specifically in the city of

Pittsburgh. Taking into account local dynamics and the communi-

cated desires of Black-owned businesses in the Pittsburgh region,

we determine that university students represent an under-utilized

market for these businesses. We investigate the root causes for

this inefficiency and design and implement a platform, 412Con-

nect (https://www.412connect.org/), to increase online support for

Pittsburgh Black-owned businesses from students in the Pittsburgh

university community.

The site operates by coordinating interactions between student

users and participating businesses via targeted recommendations.

We describe the project from its conception, paying special attention

to our motivation and design choices. These choices are aided by

two simple models for badge design and recommendation systems

that may be of theoretical interest. Along the way, we highlight

challenges and lessons from coordinating a grassroots volunteer

project working in conjunction with community partners and the

opportunities and pitfalls of engaged scholarship.

CCS CONCEPTS
•General and reference→Design; •Human-centered comput-
ing → Participatory design; Interaction design theory, concepts
and paradigms; Collaborative content creation; Reputation systems.

KEYWORDS
platform design, mechanism design for social good, recommen-

dation systems, badge design, Black-owned businesses, student

engagement
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1 INTRODUCTION
Small businesses are engines of economicmobility. Self-employment

has been shown to lead to wealth accumulation four times that of

those who are not self-employed [27]. Despite this, Black-owned

businesses face a number of systemic challenges that can inhibit

their growth and success. These challenges include lack of access

to capital, mentorship networks, and business opportunities, which

can limit owners’ ability to weather market disruptions [34]. Fur-

ther, historically Black-owned businesses are often geographically

segregated from areas of high economic activity, and target mar-

kets have insufficient information about them [29, 31]. These struc-

tural inequalities have been further exacerbated by the COVID-19

pandemic, leading to disproportionate economic slowdowns and

closures [26].

The challenges Black-owned businesses face nationally also play

out locally in the city of Pittsburgh, the community of focus in this

work. According to the 2019 American Community Survey (ACS),

while the median household income in Pittsburgh was $62,638 and

the median household income of households with white household-

ers was $65,969, the median household income of households with

Black householders was $35,974 [2–4]. Further, the neighborhoods

of Pittsburgh are historically segregated by race [29], with dam-

aging effects of redlining persisting in Pittsburgh neighborhoods

and fostering poverty and vacancy among minority groups in red-

lined areas [31]. This is reinforced by a local community culture of

neighborhood-based mindsets in which residents conduct most of

their activities within their neighborhoods, a disparity especially

evident in the greater university area in the neighborhood of Oak-

land. Oakland houses the University of Pittsburgh, Carnegie Mellon

University (CMU), and several other institutions of higher educa-

tion. Oakland in particular has a dearth of Black-owned businesses.

In Figure 1, we highlight the university community in Oakland in

relation to the location of Black-owned businesses. In light of this,
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in this work we aim to support Black-owned businesses in Pitts-

burgh by focusing on the lack of market penetration in Oakland

and specifically the university community.

In this work we describe the motivation, design, and implemen-

tation of an online platform, 412Connect (https://www.412connect.

org/), launching in the Fall of 2021. The platform’s purpose is to

bridge the divide between university students and Black-owned

businesses. Specifically, our target populations are a subset of Pitts-

burgh Black-owned businesses curated by our community partners

and students at the University of Pittsburgh (with a focus on in-

coming students at the undergraduate and graduate levels). To

better understand the challenges facing our target populations, we

conducted surveys in the Winter of 2020/2021. Synthesizing these

results following discussions with our community partners (Black

Action Society, Blackowned.pgh, Cocoapreneur, Community Forge,

the Pittsburgh Hub of Data for Black Lives, GSPIA Students of Color

Alliance, Riverside Center for Innovation, Vibrant Pittsburgh, West-

ern Pennsylvania Regional Data Center), we began work on the

412Connect platform. This platform seeks to promote and increase

the visibility of Black-owned businesses in Pittsburgh and to expand

their business presence on the University of Pittsburgh campus and

in the Pittsburgh community. Specifically, 412Connect serves the

needs of Black-owned businesses by highlighting relevant business

information (websites, social media pages such as Twitter, Insta-

gram, etc.) and matching these businesses to students with compat-

ible interests. For participating students, 412Connect simplifies the

process of discovery of Black-owned businesses in Pittsburgh and

encourages continued engagement with the platform through the

use of non-monetary incentives (badges, university recognition).

Figure 1: Black Owned Businesses in Pittsburgh. Depicted is

a satellite map of the city of Pittsburgh. The icons on the map

represent Black-owned businesses in service (red), food (orange),

shopping (yellow), and beauty (green) sectors. The shaded section

in the middle of the map encompasses the greater university area

inside the neighborhood of Oakland, where the majority of students

at the University of Pittsburgh reside. This map was created in

collaboration with our community partners using Google My Maps.

Map Data: ©2021, Google. Imagery: ©2021, Landsat/Copernicus,

Maxar Technologies, Sanborn, U.S. Geological Survey, USDA Farm

Service Agency.

A summary of our key contributions and findings is as follows:

• We identify two relatively unlinked populations with mutu-

ally compatible incentives. Building on previous attempts at

connection that have often lacked impact or resulted in unin-

tended consequences, we propose a novel model for the link-

ing of university students to local Black-owned businesses

(Section 2.2). Our approach leverages the unique access we

have as members of the academic community, and may be

relevant in other university areas juxtaposed with a diverse

metropolitan community.

• In coordination with our community partners, we designed

and implemented our online platform so that it may serve

as a useful example for other socially conscious platform

designers. Specifically, in our implementation we address

the safety and integrity of Black-owned businesses, the rep-

utation of our community partners, and the advantages and

limitations of energizing a student population.

• We propose simple, novel models for badge design and con-

tent recommendation that are tailored to our application.

For the problem of badge design, we prove a number of

structural properties that crystallize our intuition for these

systems and guide our implementation (Section A.1). For

content recommendation, we propose a natural linear pro-

gramming formulation that balances maximizing the number

of matches between students and businesses against equi-

tably spreading traffic to all businesses (Section A.2).

1.1 Literature Review
Our work intersects with and draws from several streams of em-

pirical and theoretical literature. Here, we overview some of these

streams and explain how our work contributes to and/or differs

from each.

1.1.1 Community-Based PlatformDesign for Social Good. Ourwork
contributes to a body of literature documenting and implementing

online and/or community-based platforms that offer algorithmic so-

lutions to multi-faceted societal problems. Academic collaborations

leading to publicly implemented platforms have been deployed in a

wide number of problem specific domains, we will highlight three

here. Wilder [35], Wilder et al. [36] build a site which identifies

influential nodes in partially-known networks for the dissemina-

tion of public health information. Flanigan et al. [14, 15], Shah [32]

implement a website to help determine fair and transparent allo-

cations. Rubinstein et al. [30], Shi et al. [33] create platforms for

the coordination of food rescue. To the best of our knowledge, our

platform is the first academic approach to connecting Black-owned

businesses with student markets.

1.1.2 User Incentivization and Badge Design. Our site recognizes
user participation via badges. A badge is a non-financial award

that is commonly given in recognition of user effort, especially in

online settings. Facey-Shaw et al. [13] survey some of the empirical

and theoretical literature on online badge systems. The purpose of

badges is many-fold. Wilson et al. [38] perform a social psychology

taxonomy of online badges, noting they are useful for goal-setting,

motivating and affirming users, and as status/reputation symbols.

Similarly, the motivations for volunteer populations on online plat-

forms are diverse [19], and thus the interactions between users and

https://www.412connect.org/
https://www.412connect.org/
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badges is complex. Burke et al. [9] find that for new users who are

inclined to contribute, receiving positive feedback (e.g. a badge) is a

strong predictor of increased engagement. Further, there exists well-

developed literature studying how users behave in online platforms

[28, 38], and what motivates them [10, 16]. One key finding from

these works is that users, especially volunteers, who engage with

features like badges perform better on their goals [11]. These works

motivate our use of badge mechanisms for our student volunteer

users.

On the theoretical side, an emerging stream of papers in com-

puter science, economics, and operations research have attempted

to explicitly model and analyze badge mechanisms. Immorlica et al.

[20] look at the design of badge mechanisms from a mechanism

design perspective, treating badges as a form of social currency.

Anderson et al. [5] model badges as attracting users to perform

additional work across multiple dimensions of contribution. In a

similar vein, Chen and Yeckehzaare [12] investigate the efficacy

of targeting and public/private recognition on eliciting prosocial

behavior on Wikipedia. Gallus [17] also looks at soliciting reviews

on Wikipedia by using symbolic badges and finds them effective.

In our work, we provide a model of badges based primarily around

user motivation, abstracting away reputational effects due to user

anonymity concerns and simplifying the multidimensional nature

of the badges studied in Anderson et al. [5].While simple, our model

allows for crisp structural characterizations of the optimal badge

design model. We hope to validate and revise our model when the

site goes live, incorporating observations of how users behaviour

actually changes when exposed to badge systems.

1.1.3 Content Recommendation Systems. Our site also acts as rec-

ommendation system for users looking to discover local Black-

owned businesses. Recommendation systems are an important and

well-studied problem in industry that are driving a huge amount

of academic attention over the last decade [1, 25]. Recent work on

recommendation systems has employed techniques from the bandit

literature, adapting the canonical explore and exploit frameworks to

create recommendation systems that are explainable, equitable, and

maximize user satisfaction [23, 24]. As our site is launching data-

blind, many of these more sophisticated techniques are out of reach

for our platform. Further, as a volunteer organization with limited

development resources, approaches with simple implementations

are preferable, and as such, we take a pared-down approach based

on linear programming that is similar to approaches for assortment

optimization for two-sided markets [6]. The approach most similar

to ours is Shi et al. [33], who also make targeted recommendations

using a linear program with a diversity constraint to ensure that

content is equitably spread across participants in the context of

food rescue.

The remainder of this paper is organized as follows. In Section 2,

we dive into the challenges facing Black-owned businesses before

and during the pandemic, present our survey results, and synthe-

size these into design principles for the 412Connect platform. In

Section 3 we describe the 412Connect platform implementation and

recruitment, placing particular emphasis on societal and ethical

considerations. Finally, in Section 4, we conclude and highlight

avenues for future work.

2 PLATFORMMOTIVATION AND MARKET
SURVEYS

In this section, we address specific socioeconomic challenges expe-

rienced by Black-owned businesses both in the United States and in

Pittsburgh specifically, emphasizing the harmful consequences of

the COVID-19 pandemic on the stability of Black-owned businesses.

Next, we discuss existing approaches to enhancing visibility for

Black-owned businesses and the successes and setbacks of these

approaches which have informed the design of our platform. Finally,

we discuss relevant results from our surveys of local Black-owned

businesses and University of Pittsburgh students which lead into

our platform design principles.

2.1 Challenges for Black-Owned Businesses
Black-owned businesses face specific challenges, some of which

are outlined here. As of 2018, Black-owned employer businesses

made up 2.2% of all American employer businesses [34]. Although

these businesses have proven to be pillars of their communities

by creating jobs and hiring locally, Black-owned businesses face

persistent levels of systemic discrimination, inequality, ostracism,

and more. Additionally, Black-owned businesses on the whole lack

access to mentorship networks, business opportunities, and cap-

ital through traditional financial institutions [34], and are more

likely to report financial distress than white-owned businesses [27].

Consequently, Black-owned businesses tend to have lower revenue

than white-owned businesses, with 45% of Black-owned businesses

reporting less than $100,000 annual revenue as compared to only

18% of white-owned businesses [26]. This reveals the importance

of supporting Black-owned businesses as a step toward enhanced

economic growth, economic equality, and closing the racial wealth

gap [27, 34].

2.1.1 Black-Owned Businesses in the COVID-19 Pandemic. While

the pandemic has introduced challenges for all business owners, the

economic impacts have disproportionately affected Black-owned

businesses. Factors like lockdown procedures, declines in demand,

and lack of access to equitable Paycheck Protection Program (PPP)

loan coverage, as well as pre-existing gaps like insufficient cash

funds and bank relationships, have led Black-owned businesses to

suffer more closures and declines in available funds than any other

racial group. Since the beginning of the pandemic, Black-owned

businesses have closed at a rate of more than two times that of their

white counterparts, and cash balances have decreased more than

nine times that of their white counterparts [27]. Between February

and April of 2020, the number of working Black business owners

decreased by a staggering 41% in comparison to 32% Latinx owners,

26%Asian-American/Pacific Islander owners, and 17%white owners

[26]. Geographic location plays a significant part in this alarming

distribution, with Black-owned businesses largely located in metro-

politan areas that have been more severely affected by COVID-19

and the resulting lockdowns. In fact, two-thirds of American coun-

ties with the highest population of Black-owned businesses are in

the top fifty counties most severely affected by COVID-19 [26]. The

severity of the economic struggles of Black-owned businesses dur-

ing the pandemic combined with the increased visibility of police

violence against Black Americans has led to an effort to support
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Black entrepreneurs and their businesses. These factors played a

large part in motivating the conception of both our platform and

other similar platforms. In the next subsection, we reflect on these

similarly motivated implementations and contrast them with our

work.

2.2 Existing Approaches
There have been many attempts to support minority-owned busi-

nesses in the United States. Some of these attempts originated from

within the minority group, while others were initiated by individu-

als or entities outside of the minority group. In Pittsburgh, there

are several Black organizations that are dedicated to incubating,

elevating, and/or promoting Black-owned businesses. Efforts range

from offering financial and managerial training to compiling lists of

businesses and promoting them through a website or social media

account. Large corporations in the technology sector like Google

and Yelp have also added Black-owned business search functionality

to their websites [21, 22].

Each of these approaches have their own strengths and weak-

nesses. Organizations led by and operating within a minority group

are more able to foster a relationship of trust and connect more

deeply with Black-owned businesses. This can lead to a more open

exchange of information about a business’s specific preferences and

constraints, enabling “insider” organizations to provide impactful

support. These “insiders” may, however, be less connected with

the broader market, especially when markets are geographically

segregated e.g., as is the case in Pittsburgh.

Organizations from outside the community may have the oppo-

site experience, in that these “outsiders” may not understand the

Black-owned businesses very well, but may have access to a wider,

more general, market. However, this lack of insider information can

quickly lead to negative externalities for Black-owned businesses.

For example, in the case of one company promoted in Target ads

and subsequently bombarded overnight with negative reviews, we

learned that simply promoting Black-owned businesses to a general

audience may attract people who intend on harming Black-owned

businesses [37].

For both insiders and outsiders, there are advantages and dis-

advantages that may mitigate their impact. In light of this, one

motivation for the development of our platform is our ability to

walk the line between these extremes and offer effective support

to Black-owned businesses in conjunction with our community

partners while reaching a larger mainstream market governed by

norms that would discourage users from abusing the platform. It is

on these principles that we built 412Connect.

2.3 Market Research
Having identified our two target communities, Black-owned busi-

nesses in the greater Pittsburgh area and university students in the

neighborhood of Oakland, we conducted multiple surveys to better

understand these populations and the barriers between them.

2.3.1 Student Survey. 412Connect’s Community Engagement Team

performed an exploratory survey in March of 2021. They adminis-

tered a 5-minute survey online to 24 members of the University of

Pittsburgh student body. This survey found that 92% of respondents

have a desire to support and patron Black-owned businesses but

only 50% could name a local Black-owned business. Further, re-

spondents expressed that their greatest barriers to interaction with

Black-owned business were a lack of knowledge about businesses

and their services (92%), financial constraints (42%), and lack of

transportation (21%). The survey also showed that students (con-

sidering the aforementioned constraints) are most likely to support

Black-owned businesses through social media interaction and that

they are most likely to visit Black-owned businesses in the food

industry. Additionally, participants stated that they are more likely

to visit businesses with good “word of mouth” reputation (100%), a

strong online presence (92%), and unique services (83%).

2.3.2 Business Survey. In collaboration with 412Connect’s Com-

munity Engagement Team, Community Forge and the Pittsburgh

hub of Data for Black Lives surveyed 22 Pittsburgh Black-owned

businesses in February and March of 2021. They found that 85% of

respondents ranked reaching new customer bases as an extremely

important goal, with 61% feeling inadequately linked to their com-

munity. Specifically, we saw a strong desire to increase connection

to local students, with 85% feeling inadequately linked to the uni-

versity community and wanting to improve this connection, while

54% desired increased social media support.

2.4 Platform Proposal
Based on the need uncovered in our surveys, and in partnership

with various community organizations (including nonprofit organi-

zations, incubators, and businesses) in the Pittsburgh community,

we have designed and created the 412Connect platform to encour-

age students to engage with Black-owned businesses via online

interaction. Since, as opposed to purchasing goods or services, so-

cial media (likes/posts) and search engine activity with businesses

are relatively inexpensive and accessible actions for most students,

we aim to use our platform to facilitate these online interactions.

Specifically, in Section 3 we describe how these insights directly

influence our implementation decisions through the conception of

the platform.

3 IMPLEMENTATION OF THE 412CONNECT
PLATFORM

In this section, we first overview the platform’s implementation and

operation. Next, we discuss our platform’s engagement and recruit-

ment strategies, as well as the important organs of the platform,

including the badge system and dashboard. Finally, we discuss plat-

form deliverables like volunteer credit and statistical engagement

reports, and conclude with ethical considerations.

3.1 Overview of 412Connect Platform
We have built the 412Connect platform in collaboration with uni-

versity and community volunteers (https://www.412connect.org/).

The site displays participating Black-owned businesses along with

business-specific activities users can complete. The platform further

operates to incentivize members to interact with these businesses,

either to Explore, where the user is asked to engage with prepared

business content, or through Social Media, where the user can follow
or like the business on Twitter, Instagram, and/or Facebook (Figure

https://www.412connect.org/
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6). Users are able to track their engagement with Black-owned busi-

nesses through a dashboard on the 412Connect platform (Figure

5). At regular intervals, businesses will be given a report detailing

aggregate engagement statistics, such as new customers generated,

new followers on social media, and more. An overview of the site’s

functionality from the users perspective is presented in Figure 2.

Next, we describe our strategies to attract businesses and users to

our platform.

Figure 2: Operational Flowchart of UserWebsite Interaction
The flowchart explains the possible choices and actions a user can

take, starting from the initial landing page to sign-up and through

activity completion.

3.2 Recruiting Platform Participants
In this section, we discuss engagement and recruitment strategies

for local Black-owned businesses, community partners, and student

users.

3.2.1 Black-Owned Business Curation. Utilizing principles from

Community-Based Participatory Research (CBPR) [18], we have

worked to foster strong relationships with the Black entrepreneurial

community. Building on these relationships, we conducted inter-

views and surveys with Black-owned businesses to understand the

issues they face and their potential motivations for joining our

platform. However, community partners have expressed trepida-

tion about working with university groups, as university projects

have often stepped on the toes of existing community institutions.

Moreover, there is an existing ecosystem of community organiza-

tions working to support Black-owned businesses in Pittsburgh,

some of which we have entered into conversation with, notably:

Cocoapreneur Pgh, Community Forge, Blackowned.pgh, Vibrant

Pittsburgh, Black Action Society, the Pittsburgh Hub of Data for

Black Lives, Western Pennsylvania Regional Data Center, Riverside

Center for Innovation, and the GSPIA Students of Color Alliance.

In light of this tension, instead of directly recruiting businesses to

our platform, we implement a curation model. Our curation model is
a model of recruitment where a community member with extensive

ties to Black-owned businesses in Pittsburgh is invited to act as the

curator. The curator selects a set of Black-owned businesses who

will participate on the platform for a fixed period of time (on our

platform, one month). The curator assists in gathering information

from each participating business so that their engagement with our

platform can be as beneficial as possible. This information includes:

business growth priorities (i.e. social media interaction, consumer

education), growth objectives (i.e. XXX new Instagram followers,

XXX people learning about a business), and desired date of comple-

tion. Partners acting as curators will be credited as collaborators in

associated events and services as well as given access to directories

and partners.

3.2.2 Student Recruitment. Building off our motivations outlined

in Section 2, the user base of our platform will be Pittsburgh uni-

versity students of all affiliations (undergraduate, graduate, pro-

fessional), contained primarily in the neighborhood of Oakland.

First, we will advertise broadly to the university community via

departmental mailing lists, and via contacting established socially

conscious student groups like Student Government, the Diversity

and Inclusion Committee, GSPIA administration, and the GSPIA

Students of Color Alliance. Second, we will put particular empha-

sis on recruiting incoming students. Incoming students are eager

to create personal and professional networks at their new school

and, for many, their new home in Pittsburgh. To capitalize on this

recruitment opportunity, the platform’s launch will coincide with

the start of the academic year. Finally, we are coordinating with the

university administration, specifically the Office of Student Affairs,

to allow student users to gain volunteer credit through Outside the

Classroom Curriculum (OCC) by interacting with our platform.

3.3 Platform Design and Features
In this section, we will describe our platform’s features in detail.

These features include two modes of engagement with businesses,

a badge system to track and reward user progress, and a content

recommendation system to refer students to businesses based on

their reported preferences.

3.3.1 Modes of Engagement: Explore and Social Media. On the

412Connect platform, there are two categories of engagement with

Black-owned businesses which we term explore and social media.
An explore activity involves answering curated business questions

about media that the business gives to the site (i.e. articles, promo-

tions, unique services, etc.). A social media activity involves inter-

acting with businesses’ social media accounts (Facebook, Instagram,

Twitter). Businesses will work with the curator and 412Connect to

create activities as described in Section 3.2.1.

3.3.2 Badges. In order to help users track progress and incentivize

participation, we have designed a badge system. Badges exist for

both modes of engagement. Each social media or explore activity

counts towards thresholds for three badge tiers (bronze, silver, gold).

Specifically, when the user completes their first activity, they will be

awarded a bronze badge; when the user completes three activities,

they will be awarded a silver badge; and when the user completes

six activities, they will be awarded a gold badge. These threshold

levels (1, 3, and 6) are derived from a mathematical model, the

details of which are provided in Section A.1. The badges can be

seen in Figure 3 in the Appendix.

3.3.3 Business Recommendations. Businesses displayed on the site

fall into one of four categories: beauty, entertainment, food, and

shopping. Businesses are displayed to users one at a time via a

carousel shown in Figure 5. We allow users to articulate prefer-

ences over business types and specific services in order to receive

a tailored set of business recommendations. We perform this cus-

tomization and recommendation by solving a particular linear pro-

gram for each curation period, the details of which are provided in
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Section A.2. The output of the recommendation system is a set of

probabilities, unique to each user, which represent the probability

of a business being displayed first. Every time a user visits their

dashboard, the order of the businesses in the carousel will be ran-

domly drawn with weights equal to the recommended probabilities.

The display profile for each business contains basic information

about the business, its location, and its explore and social media

activities. An example of a business profile is shown in Figure 6 in

the Appendix.

3.3.4 Student Dashboard. Each student user of the 412Connect

platform has their own dashboard, displayed to them when they log

in. It is composed of their personalized business carousel (Section

3.3.3) and a display of the user’s complete badges and progress to-

ward incomplete badges. An example of a student user’s dashboard

with their badge progress is shown in Figure 5 in the Appendix.

3.4 Deliverables
In this section, we describe the platform’s outputs over each cu-

ration period. Specifically, these are impact reports to our stake-

holders, which will have statistics to help quantify the effect of the

412Connect platform.

3.4.1 Curator Reports. Curator reports will be composed of their

own organization report along with the reports for all of the busi-

nesses. They will also be provided with the results of a student

participant survey.

3.4.2 Black-Owned Business Reports. Business reports will sum-

marize engagement received over the period, both on 412Connect

and on external social platforms.

3.4.3 Academic Department Reports. Academic department reports

will include both results from the student survey and breakdowns

of student engagement across academic departments.

3.4.4 Student Reports. Student reports will consist of an individual

breakdown of engagement, a group report on the effect of 412Con-

nect, and whether or not the student was awarded OCC credit, as

mentioned in Section 3.2.2.

3.5 Ethical Considerations and Oversight
In building the 412Connect platform with our community stake-

holders, one of the things that became clear was their disillusion-

ment with previous university partnerships. Things that were of

notable concern include the ownership of data, following through

on promised features, and the overshadowing of organizations that

had already been working in the community for many years. This

has informed our planning, software development processes, and

promised features at launch.

To mitigate some of these potential issues, businesses will enter

our platform after a discussion which includes our curator and our

team so as to communicate potential concerns, explain the plat-

forms goals, and increase participant enthusiasm. Further, in order

to foster oversight on our team by those with perspectives and

backgrounds different than ours, the project is forming a Commu-

nity Advisory Board. It is composed of knowledgeable community

members with special interest in racial equality to inform sustained

efforts and collaborative action.

A critique of our platform could be that it does not directly en-

courage monetary engagement with businesses. We limited our

focus to online interactions because, as shown in Section 2.3, busi-

nesses have a genuine interest in growing their online presence,

students are very willing to connect with businesses online, and

creating awareness is a necessary prerequisite to monetary transac-

tions. Finally, to address the concerns of negative online feedback

outlined in Section 2.2, we place all participating businesses behind

the login screenwhich only verified university members may access.

This also provides us with a disciplinary structure for enforcement

if users are found to be using the site to spread hate.

4 CONCLUSION
In this work, we detailed the challenges of Black-owned businesses

in the United States and city of Pittsburgh. Taking into account local

dynamics and the communicated desires of Black-owned businesses

in the Pittsburgh region, we determined that university students

represent an under-utilized market for these businesses. We inves-

tigated the root causes for this inefficiency. In our survey results,

students reported that they are limited by low finances, inaccessi-

ble transportation, and lack of knowledge about local Black-owned

businesses. Therefore, we have created a platform to allow univer-

sity students to engage with and support Black-owned businesses.

Through business curation, recruitment events, non-monetary

incentives, and progress-tracking badge systems, we engage our stu-

dent users while directly supporting individual businesses through

engaged listening. This work is made possible by a network of

community partners, including nonprofit organizations, incubators,

businesses, individuals, and university administrators. The long-

term aim of project is to create an inclusive network of support

for Black-owned businesses, and potentially play one small part in

closing the racial wealth gap in Pittsburgh.

4.1 Potential for Future Developments
We believe our work has the potential for significant iteration and

improvement. When the platform goes live in August 2021, we will

be able to collect data on our site users and how they interact with

the platform. We hope to use that data to validate our badge model

and to enrich our business recommendations so as to maximize user

engagement. On the theoretical side, we believe there is significant

additional work to be done on badge mechanisms, specifically on

their interplay with the recommendation system. We hope to show

that the badge system and recommendation system have a symbi-

otic relationship, where badges implicitly select high engagement

users, and that information can be fed into the business recommen-

dation system to yield explainable, high quality, recommendations.

Finally, we believe that the conditions that motivated this platform,

namely, a diverse marginalized community surrounding a discon-

nected university environment, are not unique to Pittsburgh. If

successful in Pittsburgh, we will explore broader deployment at

other institutions and in other cities.

ACKNOWLEDGMENTS
The 412Connect platform is the result of a collective effort of more

than 50 volunteers and partners associated with the Center for An-

alytical Approaches to Social Innovation (CAASI) Grief to Action



Project 412Connect: Bridging Students and Communities EAAMO ’21, October 5–9, 2021, –, NY, USA

initiative. We want to especially acknowledge the project man-

agement team (I Younan An, Mara McCloud, Ivy Bryony Chang,

Tyler Olin, Claire Guth, and Collin Griffin) and our scavenger hunt

curator (Adam Gerard and Juan Garrett from Riverside Center

For Innovation). The following people shared/collected the BOB

data, conducted surveys, and/or managed community outreach: Ky-

ley Coleman (Blackowned.pgh), Khamil Scantling (Cocoapreneur),

Alex Jackson (Pittsburgh Hub of Data for Black Lives), Herman

Johnson (Community Forge), Miguelina Javier, Diane Roth Cohen,

Sonya Akhgar, Sarah Downing, Chloe Harvey, Caelan Schick, Van-

nie Wang, and Falon Weidman. We thank our volunteer tech team:

Jeremy Olin, Andi Halim, Gurmail Mathon, Kevin DeMaoiribus, and

Melanie Cooray. We also thank Angel Christou and Kayla Pierre

(Black Action Society), Minnie Jones (Vibrant Pittsburgh), Uchenna

Mbawuike (GSPIA Students of Color Alliance), David Walker and

Bob Gradeck (Western Pennsylvania Regional Data Center) for their

support. We thank and Rob Racuna from Pitt Innovation Office and

Jennifer Tseng from University Counsel for their legal guidance.

Finally, we thank the Office of Community Engagement at the Uni-

versity of Pittsburgh for their financial support through the ESDI

grant and GSPIA for CAASI startup funding.

REFERENCES
[1] Julia Alexander. 2020. Recommendation is one of the biggest issues facing

streamers like Netflix, HBO Max, and more. (2020). Retrieved April 4, 2021

from https://www.theverge.com/2020/1/9/21058599/netflix-streaming-farewell-

recommendations-lulu-wang-hbo-max-quibi

[2] American Community Survey. 2019. Pittsburgh Median Household Income
in the Past 12 Months. Technical Report. U.S. Census Bureau, Washington,

DC. https://data.census.gov/cedsci/table?q=B19013&g=310M300US38300&tid=

ACSDT1Y2019.B19013&hidePreview=true

[3] American Community Survey. 2019. Pittsburgh Median Household Income in the
Past 12 Months - Black or African American Alone Householder. Technical Report.
U.S. Census Bureau, Washington, DC. https://data.census.gov/cedsci/table?q=

B19013&g=310M300US38300&tid=ACSDT1Y2019.B19013B&hidePreview=true

[4] American Community Survey. 2019. Pittsburgh Median Household Income in
the Past 12 Months - White Alone Householder. Technical Report. U.S. Census
Bureau, Washington, DC. https://data.census.gov/cedsci/table?q=B19013&g=

310M300US38300&tid=ACSDT1Y2019.B19013A&hidePreview=true

[5] Ashton Anderson, Daniel Huttenlocher, Jon Kleinberg, and Jure Leskovec. 2013.

Steering user behavior with badges. In Proceedings of the 22nd international
conference on World Wide Web. 95–106.

[6] Itai Ashlagi, Anilesh K Krishnaswamy, Rahul Makhijani, Daniela Saban, and Ki-

rankumar Shiragur. 2019. Assortment planning for two-sided sequential matching

markets. arXiv preprint arXiv:1907.04485 (2019).
[7] Mark Bagnoli and Ted Bergstrom. 2005. Log-concave probability and its applica-

tions. Economic theory 26, 2 (2005), 445–469.

[8] Anthony E Boardman. 1979. Another analysis of the EEOCC “Four-Fifths” rule.

Management Science 25, 8 (1979), 770–776.
[9] Moira Burke, Cameron Marlow, and Thomas Lento. 2009. Feed me: motivating

newcomer contribution in social network sites. In Proceedings of the SIGCHI
conference on human factors in computing systems. 945–954.

[10] Moira Burke and Burr Settles. 2011. Plugged in to the community: Social mo-

tivators in online goal-setting groups. In Proceedings of the 5th International
Conference on Communities and Technologies. 1–10.

[11] Gordon Burtch, Qinglai He, Yili Hong, and Dokyun Lee. 2021. How Do Peer

Awards Motivate Creative Content? Experimental Evidence from Reddit. Man-
agement Science (2021).

[12] Yan Chen and Iman Yeckehzaare. 2020. Motivating Experts to Contribute to

Digital Public Goods: A Personalized Field Experiment on Wikipedia. Available
at SSRN (2020).

[13] Lisa Facey-Shaw, Marcus Specht, Peter Van Rosmalen, Dirk Brner, and Jeanette

Bartley-Bryan. 2017. Educational functions and design of badge systems: A

conceptual literature review. IEEE Transactions on Learning Technologies 11, 4
(2017), 536–544.

[14] Bailey Flanigan, Paul Gölz, Anupam Gupta, and Ariel Procaccia. 2020. Neutraliz-

ing Self-Selection Bias in Sampling for Sortition. arXiv preprint arXiv:2006.10498
(2020).

[15] Bailey Flanigan, Gregory Kehne, and Ariel D Procaccia. 2021. Fair Sortition Made

Transparent. (2021).

[16] Bruno S Frey and Jana Gallus. 2018. 17 Volunteer Organizations: Motivating with

Awards. CENTRE FOR DECISION RESEARCH, UNIVERSITY OF LEEDS, UK (2018),

275.

[17] Jana Gallus. 2017. Fostering public good contributions with symbolic awards:

A large-scale natural field experiment at Wikipedia. Management Science 63, 12
(2017), 3999–4015.

[18] Karen Hacker. 2013. Community-Based Participatory Research. SAGE Publications,

Inc., London. https://doi.org/10.4135/9781452244181

[19] Clare Holdsworth. 2010. Why volunteer? Understanding motivations for student

volunteering. British Journal of Educational Studies 58, 4 (2010), 421–437.
[20] Nicole Immorlica, Greg Stoddard, and Vasilis Syrgkanis. 2015. Social status and

badge design. In Proceedings of the 24th international conference on World Wide
Web. 473–483.

[21] Taylor (July-31) Lyles. 2020. Google is now making it easier to find Black-owned

businesses. (2020). https://www.theverge.com/2020/7/31/21348990/google-black-

owned-businesses-maps-search

[22] Taylor June-5) Lyles. 2020. Yelp is Adding a New Tool to Easily Search for Black-

Owned Businesses. (2020). https://www.theverge.com/2020/6/5/21281887/yelp-

new-search-tool-black-owned-businesses-app-donation-matching

[23] James McInerney, Benjamin Lacker, Samantha Hansen, Karl Higley, Hugues

Bouchard, Alois Gruson, and Rishabh Mehrotra. 2018. Explore, exploit, and

explain: personalizing explainable recommendations with bandits. In Proceedings
of the 12th ACM conference on recommender systems. 31–39.

[24] Rishabh Mehrotra, Mounia Lalmas, Doug Kenney, Thomas Lim-Meng, and Golli

Hashemian. 2019. Jointly leveraging intent and interaction signals to predict

user satisfaction with slate recommendations. In The World Wide Web Conference.
1256–1267.

[25] Prem Melville and Vikas Sindhwani. 2010. Recommender systems. Encyclopedia
of machine learning 1 (2010), 829–838.

[26] Claire Kramer Mills and Jessica Battisto. 2020. Double Jeopardy: Covid-19’s

concentrated health and wealth effects in black communities. (2020), 1–8. Is-

sue August. https://www.newyorkfed.org/medialibrary/media/smallbusiness/

DoubleJeopardy_COVID19andBlackOwnedBusinesses

[27] Lucas Misera. 2020. An Uphill Battle: COVID-19’s Outsized Toll on Minority-

Owned Firms. (10 2020). https://doi.org/10.26509/frbc-cd-20201008

[28] Mor Naaman, Jeffrey Boase, and Chih-Hui Lai. 2010. Is it really about me?

Message content in social awareness streams. In Proceedings of the 2010 ACM
conference on Computer supported cooperative work. 189–192.

[29] Sean F Reardon, Stephen A Matthews, David O’sullivan, Barrett A Lee, Glenn

Firebaugh, Chad R Farrell, and Kendra Bischoff. 2008. The geographic scale of

metropolitan racial segregation. Demography 45, 3 (2008), 489–514.

[30] Zachary B Rubinstein et al. 2020. Dynamic Management of Food Redistribution

for 412 Food Rescue. (2020).

[31] Devin Q Rutan and Michael R Glass. 2018. The lingering effects of neighborhood

appraisal: evaluating redlining’s legacy in Pittsburgh. The Professional Geographer
70, 3 (2018), 339–349.

[32] Nisarg Shah. 2017. Spliddit: two years of making the world fairer. XRDS: Cross-
roads, The ACM Magazine for Students 24, 1 (2017), 24–28.

[33] Zheyuan Ryan Shi, Leah Lizarondo, and Fei Fang. 2021. A Recommender System

for Crowdsourcing Food Rescue Platforms. In Proceedings of the Web Conference
2021. 857–865.

[34] Nydia M. Velázquez and The House Small Business Committee Major-

ity Staff. 2018. The State of Black-Owned Small Businesses in America.

(2018). https://cdn.advocacy.sba.gov/wp-content/uploads/2018/12/21060437/

Small-Business-GDP-1998-

[35] Bryan Wilder. 2018. Equilibrium computation and robust optimization in zero

sum games with submodular structure. In Proceedings of the AAAI Conference on
Artificial Intelligence, Vol. 32.

[36] Bryan Wilder, Laura Onasch-Vera, Graham Diguiseppi, Robin Petering, Chyna

Hill, Amulya Yadav, Eric Rice, and Milind Tambe. 2020. Clinical trial of an AI-

augmented intervention for HIV prevention in youth experiencing homelessness.

arXiv preprint arXiv:2009.09559 (2020).
[37] David (March-5) Williams. 2020. A black female-owned company was flooded

with hate speech and 1-star reviews after it was featured in a Target commer-

cial. (2020). https://www.cnn.com/2020/03/04/business/target-commercial-race-

reviews-trnd/index.html/

[38] Robert E Wilson, Samuel D Gosling, and Lindsay T Graham. 2012. A review of

Facebook research in the social sciences. Perspectives on psychological science 7,
3 (2012), 203–220.

https://www.theverge.com/2020/1/9/21058599/netflix-streaming-farewell-recommendations-lulu-wang-hbo-max-quibi
https://www.theverge.com/2020/1/9/21058599/netflix-streaming-farewell-recommendations-lulu-wang-hbo-max-quibi
https://data.census.gov/cedsci/table?q=B19013&g=310M300US38300&tid=ACSDT1Y2019.B19013&hidePreview=true
https://data.census.gov/cedsci/table?q=B19013&g=310M300US38300&tid=ACSDT1Y2019.B19013&hidePreview=true
https://data.census.gov/cedsci/table?q=B19013&g=310M300US38300&tid=ACSDT1Y2019.B19013B&hidePreview=true
https://data.census.gov/cedsci/table?q=B19013&g=310M300US38300&tid=ACSDT1Y2019.B19013B&hidePreview=true
https://data.census.gov/cedsci/table?q=B19013&g=310M300US38300&tid=ACSDT1Y2019.B19013A&hidePreview=true
https://data.census.gov/cedsci/table?q=B19013&g=310M300US38300&tid=ACSDT1Y2019.B19013A&hidePreview=true
https://doi.org/10.4135/9781452244181
https://www.theverge.com/2020/7/31/21348990/google-black-owned-businesses-maps-search
https://www.theverge.com/2020/7/31/21348990/google-black-owned-businesses-maps-search
https://www.theverge.com/2020/6/5/21281887/yelp-new-search-tool-black-owned-businesses-app-donation-matching
https://www.theverge.com/2020/6/5/21281887/yelp-new-search-tool-black-owned-businesses-app-donation-matching
https://www.newyorkfed.org/medialibrary/media/smallbusiness/DoubleJeopardy_COVID19andBlackOwnedBusinesses
https://www.newyorkfed.org/medialibrary/media/smallbusiness/DoubleJeopardy_COVID19andBlackOwnedBusinesses
https://doi.org/10.26509/frbc-cd-20201008
https://cdn.advocacy.sba.gov/wp-content/uploads/2018/12/21060437/Small-Business-GDP-1998-
https://cdn.advocacy.sba.gov/wp-content/uploads/2018/12/21060437/Small-Business-GDP-1998-
https://www.cnn.com/2020/03/04/business/target-commercial-race-reviews-trnd/index.html/
https://www.cnn.com/2020/03/04/business/target-commercial-race-reviews-trnd/index.html/


EAAMO ’21, October 5–9, 2021, –, NY, USA DiChristofano, Hamilton, Linardi, and McCloud

A THEORETICAL COMPONENTS: MODEL
AND ANALYSIS FOR BADGE DESIGN AND
BUSINESS RECOMMENDATIONS

In this section, we build on the insights derived from our surveys

described in Section 2.3 to propose models that guide our under-

standing and implementation of our badge system (Section 3.3.2)

and business recommendation system (Section 3.3.3). For badge sys-

tems we introduce a new model based on renewing user motivation

and prove structural characteristics of optimal badge systems. We

then decide our preliminary badge thresholds by fitting the model

to our parameters. For business recommendation, we introduce a

simple and equity-oriented approach based on linear programming

(LP).

A.1 Badge Design
In this section, we will propose a new badge model based around

user motivation, a feature of badges highlighted in [13]. Specifically,

we imagine badges as a mechanism to mitigate user fatigue by

refreshing the user’s motivation to continue participating in the

platform, and propose a simple model to capture this depiction

of badges. Under this model, we prove several intuitive structural

results about the design and implementation of these badges. Finally,

we solve our model and propose initial badge thresholds for the

launch of our platform.

A.1.1 Model and Motivation. Recall on our platform we use badges

to reward users for completing two types of engagement activities:

explore, and social media, as discussed in Section 3.3.1. In our sys-

tem the badges are tiered according to the level of recognition the

badge represents, thus for each badge type there are a number of

thresholds for the various levels of effort required to earn that tier

of the badge (i.e. bronze, silver, and gold). In Figure 3, the three tiers

of badges for both activity types are shown. We refer to the specific

number of activities necessary to achieve a tier of the badge as the

threshold for that badge tier. We are interested in models that help

us decide where to place these thresholds so as to optimally induce

and recognize platform participation.

To study badges for this purpose, we model users as having id-

iosyncratic motivations to complete activities for a badge, where

that motivation is modeled as a number drawn independently from

a known prior distribution 𝐹 1. We further assume the number of

activities a user completes is independent of the businesses them-

selves and depends only on their intrinsic motivation. The badges

themselves act as an intervention which refreshes the users mo-

tivation. Specifically, when a user completes enough activities to

cross the threshold and earn a badge, we model the users renewed

motivation as a fresh draw from their motivation distribution 𝐹 .

We now formally describe our model and its mechanics. For

a badge with multiple tiers
2
we model the platform as deciding

𝐾 ∈ N thresholds for the allocation of badges {𝑇𝑖 }𝐾
1
∈ R𝐾 , where

𝑇𝑖 is the work required to earn the 𝑖𝑡ℎ badge tier given the user

has already earned the (𝑖 − 1)𝑡ℎ badge tier. Once thresholds have

been set, users interact with the system by drawing a number of

1
Note our user-base is has complex and multifaceted motivations [19], in our model

these varying motivations are all folded into the prior distribution.

2
Exogenously determined, the number of tiers is three in our platform.

activities from their motivation distribution, 𝑉1 ∼ 𝐹 . If 𝑉1 ≥ 𝑇1, the
user will complete𝑇1 activities, at which time they are awarded the

first tier of badge. The users motivation is then refreshed, i.e., they

draw a second time from their type distribution, 𝑉2 ∼ 𝐹 . If 𝑉2 > 𝑇2,

then the user performs 𝑇2 activities, gets a second tier of the badge,

and the goes for the third, and so on. The user leaves the system

(stops participating) the first time when 𝑉𝑖 < 𝑇𝑖 , if they obtain the

final badge tier we assume the users redraws once more
3
. Under

this model, the objective is to find thresholds {𝑇𝑖 }𝐾
1
that maximize

the expected number of activities completed by a user.

A.1.2 Structural Analysis of Optimal Badge Policies. In this sub-

section, we will demonstrate a number of attractive and intuitive

properties about the structure of optimal threshold policies. These

results will guide our implementation and may be useful for other

platform designers seeking to implement badge based designs. Be-

fore we state the results of this section, we will first introduce some

useful notation. Let 𝐺1 (𝑡) be the maximum expected number of ac-

tivities completed by a user with motivation drawn from 𝐹 , facing a

badge with one tier awarded at threshold 𝑡 , and let 𝐹 (𝑥) = 1− 𝐹 (𝑥).
Under our model, if 𝑉1 ≥ 𝑡 , then the expected number of activities

is 𝑡 + E[𝑉 ], since they will perform 𝑡 activities, then redraw and

perform E[𝑉 ] more activities. On the other hand if𝑉1 < 𝑡 , then the

expected number of activities is E[𝑉 I𝑉 < 𝑇 ] where I{·} is indicator
function. Thus can write out 𝐺1 (𝑡) as,

𝐺1 (𝑡) = (𝑡 + E[𝑉 ]) 𝐹 (𝑡) + E[𝑉 I{𝑉 < 𝑡}] . (1)

When the optimal threshold is unique, we represent the optimal

choice using 𝑇1 := argmax𝑡 𝐺1 (𝑡). For more than one tier level,

we will let 𝐺𝑖 (𝑡1, . . . , 𝑡𝑖 ) to be the expected number of activities

performed when the first threshold requires 𝑡1 completed activities,

the second threshold requires 𝑡2 additional completed activities,

and so on. Similarly, when unique, we will let 𝑇𝑖 be the optimal

value for the 𝑖𝑡ℎ threshold.

Finally, before we state our main results we will review one

useful and common property of a distribution, log-concavity.

Definition A.1 (Log-Concavity). A distribution 𝐹 with density 𝑓

is log-concave if log(𝑓 (𝑥)) is a concave function.

For a very nice overview of log-concave distributions and their

applications in a number of economic contexts see Bagnoli and

Bergstrom [7]. There are two especially important properties of log-

concave distributions that make them relevant for modeling motiva-

tion distributions in our context. The first is that they have increas-

ing hazard rates, which implies that for any user, instantaneously

refreshing their motivation distribution increases the expected num-

ber of activities they will perform i.e. E[𝑉 |𝑉 ≥ 𝑡] ≤ 𝑡 + E[𝑉 ] for
all 𝑡 . The second property of log-concave distributions is that since

their hazard rate is monotone, Equation 1 has at most one critical

point, we will prove this formally in Section B. Armed with these

insights, we are now ready to state the main structural results of

this section.

Proposition A.2 (Structure of Optimal Badge Policy). Let
𝑉 ∼ 𝐹 be the distribution for user motivation. Then for an optimally
chosen set of 𝐾 badge thresholds, the following properties hold:
3
We note this is equivalent to including a phantom final badge for which the additional

work required to obtain it is infinite.



Project 412Connect: Bridging Students and Communities EAAMO ’21, October 5–9, 2021, –, NY, USA

(a) If 𝐹 is log-concave, the optimal thresholds are unique and
the additional work required to earn the next badge tier is
monotone increasing i.e. for any 𝐾 and 𝑖 ∈ [𝐾 − 1], 𝑇𝑖 ≤ 𝑇𝑖+1.

(b) If 𝐹 is log-concave, the maximum work required to earn a
higher tier of badge is upper-bounded by a constant indepen-
dent of 𝐾 . Specifically if ℎ(·) is the hazard-rate function of 𝐹 ,

𝑇𝑖 ≤ ℎ−1
(

1

E[𝑉 ]

)
for all 𝑖 .

(c) The marginal increase in expected induced effort provided
by an additional level of badge is monotone decreasing i.e.,
𝐺𝑖+1 (𝑇1, . . . ,𝑇𝑖+1) −𝐺𝑖 (𝑇1, . . . ,𝑇𝑖 ) is decreasing as 𝑖 increases.

Proposition A.2 formalizes several intuitive properties about

optimal thresholds for badge policies. Part (a) states that to earn

higher tiers of badges, the amount of work required should also

increase matching common implementations. However, part (b)

states that the increase in work eventually tapers off to a maximum

level independent of 𝐾 , precluding, for instance, policies where the

additional work required doubles at each tier. Finally, part (c) of the

theorem states the benefit of additional badge tiers is decreasing,

suggesting that most of the benefit is garnered by a small number

of well-chosen badge tiers as opposed to many tiers.

A.1.3 Preliminary Badge Threshold Computation. For the launch
of our platform, we will solve an instance of our badge model using

parameters estimated from our survey results, and expectations for

the initial run of the platform. Specifically, for our first run we will

have 𝐾 = 3 tiers of badges (as shown in Figure 3) with a maximum

number of activities a user can complete of less than fifteen since

that is the number of businesses included in our first curation pe-

riod. We will compute the optimal badge thresholds assuming the

motivation distributions is Uniform[0,5] and Uniform[1,10], which

represent pessimistic, and optimistic priors, over our target popu-

lation, respectively. In the pessimistic case the (rounded) optimal

thresholds are 𝑇1 = 1,𝑇2 = 2, and 𝑇3 = 3. In the optimistic case the

(rounded) optimal thresholds are 𝑇1 = 2,𝑇2 = 4, and 𝑇3 = 6. For

details see Section B.2. We opt for the pessimistic thresholds in our

initial launch, but will revise after the initial run with thresholds

fitted to the observed motivation distribution.

A.2 Recommendation System
In this subsection we consider the problem of recommending busi-

nesses to users.Wewill model the problem as a generalized bipartite

matching with fairness constraints, which ensures equity across

the number of user-to-business matches. We then encode the model

as a linear program (LP), the solution of which will be a set of user-

specific distributions over businesses within the curation period,

which we will leverage to make recommendations.

A.2.1 Model and Motivation. Our goal will be to find an assign-

ment of businesses to users that maximizes the agreement between

user’s preferences over business types (service, food, and beauty)

and activities that can completed (social and explore). Without any

additional constraints, the problem can we written as a maximum

weight bipartite matching problem where the weights are the ex-

pected number of activities a user will complete for each business.

However, as we want every participating business to benefit from

their participation on the platform, so we will further ensure that

all businesses are given a similar number of impressions. Inspired

by the 4/5𝑡ℎ rule used in law to determine disparate impact [8], we

will require that all businesses receive a number of impressions (i.e.

show up in a users recommendations) such that the ratio between

the businesses with the minimum and maximum number of impres-

sions is greater than 4/5𝑡ℎ in expectation. Our objective will be to

maximize expected number of activities that could be completed.

A.2.2 Recommendation Linear Program. We now formally describe

our recommendation LP. To aid in our description we first set some

notation.

• Let 𝑏 ∈ [𝐵] be the chosen businesses in a curation period.

• Let 𝑢 ∈ [𝑈 ] be the registered users at the beginning of

curation period.

The decision variables for the model will be 𝑥𝑢,𝑏 for each pair of

business and student user, which can be though of as the probability

𝑏 is recommended to 𝑢. The value of a user-business recommenda-

tion is the expected number of activities a given user could perform

for a business which we will denote by 𝛼 (𝑢,𝑏). Formally,

𝛼 (𝑢,𝑏) :=
∑

Activities

I{Activity} × I{Business Type},

where the indicators encode feasibility, i.e. I{Activity} = 1 if

the activity is in the customers desired set and 0 otherwise, and

I{Business Type} = 1 if the business type is in the customers de-

sired set and 0 otherwise. Thus 𝛼 (𝑢,𝑏) ∈ {0, 1, 2} depending on the

number of activities a user can perform with a business. Finally,

to ensure approximately balanced representation for all participat-

ing businesses we will require the ratio of the minimum expected

number of impressions for a business to the maximum expected

number of impressions for a business to be greater than or equal to

4/5. Putting it together we obtain the following recommendation

LP,

max

x

∑
𝑢∈[𝑈 ]

∑
𝑏∈[𝐵 ]

𝛼 (𝑢,𝑏)𝑥𝑢,𝑏

s.t.

∑
𝑏∈[𝐵 ]

𝑥𝑢,𝑏 = 1, 𝑢 ∈ [𝑈 ]

4

5

©«
∑

𝑢∈[𝑈 ]
𝑥𝑢,𝑏

ª®¬ ≤
∑

𝑢∈[𝑈 ]
𝑥𝑢,𝑏′, 𝑏, 𝑏 ′ ∈ [𝑈 ], 𝑏 ≠ 𝑏 ′

𝑥𝑢,𝑏 ≥ 0.

The objective function captures the total expected number of ac-

tivities that could be performed. The first set of constraints ensures

that the probabilities sum to 1 for each user. The second set of con-

straints ensures that, for any two businesses, the ratio of expected

interactions for the first business over the expected interactions

for the second business is at least 4/5. The third set of constraints

ensures nonnegativity for all probabilities.

Finally, the site uses these user specific probability distributions

to generate the order of the businesses in the carousel.

B OMITTED PROOFS AND COMPUTATIONS
B.1 Omitted Proofs from Section A.1

Proof of Proposition A.2. Let 𝑉 ∼ 𝐹 be a positive-valued log-

concave distribution with density 𝑓 . First we will generalize Equa-

tion 1 to𝐾 thresholds. Recall𝐺𝐾 (𝑡1, . . . , 𝑡𝐾 ) is the expected number
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of activities performed in a system with 𝐾 badges and thresholds

{𝑡𝑖 }𝐾
1
. As users either hit the first threshold and redraw or leave

the system, 𝐺𝐾 can be written as

𝐺𝐾 (𝑡1, . . . , 𝑡𝐾 ) = (𝑡1 +𝐺𝐾−1 (𝑡2, . . . , 𝑡𝐾 )) 𝐹 (𝑡1) + E[𝑉 I{𝑉 < 𝑡1}] .
(2)

Its derivative in 𝑡1 is,

𝑑

𝑑𝑡1
𝐺𝐾 (𝑡1, . . . , 𝑡𝐾 ) = 𝐹 (𝑡1) − (𝑡1 +𝐺𝐾−1 (𝑡2, . . . , 𝑡𝐾 )) 𝑓 (𝑡1)

+ 𝑑

𝑑𝑡1

∫ 𝑡

0

𝑣 𝑓 (𝑣)𝑑𝑣

= 𝐹 (𝑡1) −𝐺𝐾−1 (𝑡2, . . . , 𝑡𝐾 ) 𝑓 (𝑡1) (3)

where the derivative follows from applying the fundamental theo-

rem of calculus and simplifying. Note, if {𝑡𝑖 }𝐾
1
are maximizing for

𝐺𝐾 , then it must be the case that {𝑡𝑖 }𝐾
2
are maximizing for 𝐺𝐾−1,

and {𝑡𝑖 }𝐾
3
are maximizing for 𝐺𝐾−2 and so on. Now we will prove

the three parts of Proposition A.2.

(a) Since 𝐹 is log-concave,
𝐹 (𝑡 )
𝑓 (𝑡 ) is non-increasing which im-

plies that 𝐺𝐾 (𝑡1, . . . , 𝑡𝐾 ) has a unique maximizer in 𝑡1 at its criti-

cal point,
𝐹 (𝑡1)
𝑓 (𝑡1) = 𝐺𝐾−1 (𝑡2, . . . , 𝑡𝐾 ). Thus 𝑇1 is unique, and apply-

ing this observation iteratively we see that the optimal thresholds

𝑇1,𝑇2, . . . ,𝑇𝐾 are all unique, and solutions to the equations

𝐹 (𝑇𝑖 )
𝑓 (𝑡𝑖 )

= 𝐺𝐾−𝑖 (𝑇𝑖+1, . . . ,𝑇𝐾 ), 𝑖 ∈ [𝐾 − 1] . (4)

Note the sequence of expected activities {𝐺𝐾−𝑖 (𝑇𝑖 , . . . ,𝑇𝐾 )}𝐾𝑖=1 is
decreasing since the thresholds used are all optimally chosen, and

a feasible solution is using an empty threshold i.e.

𝐺𝐾−𝑖 (𝑇𝑖+1, . . . ,𝑇𝐾 ) = max

𝑡
𝐺𝐾−𝑖 (𝑡, . . . ,𝑇𝐾 )

≥ 𝐺𝐾−𝑖 (0, . . . ,𝑇𝐾 )
= 𝐺𝐾−𝑖−1 (𝑇𝑖+2, . . . , 𝑡𝐾 ) .

Finally, recalling that
𝐹 (𝑡 )
𝑓 (𝑡 ) is non-increasing by log-concavity, and

since𝑇𝑖 are solutions to Equation 4, the sequence {𝑇𝑖 } is increasing.
This completes (a).

(b) By (a), for any 𝐾 and 𝑖 ∈ [𝐾], 𝑇𝑖 ≤ 𝑇𝐾 so we can simply

compute 𝑇𝐾 . Thus 𝑇𝐾 , as it is the last threshold, is exactly the

maximizer of Equation 1 i.e., 𝑇𝐾 solves
𝐹 (𝑇𝑖 )
𝑓 (𝑡𝑖 ) = E[𝑉 ]. Since 𝐹 is

log-concave, its hazard rate ℎ(𝑧) = 𝑓 (𝑧)
𝐹 (𝑧)

is monotone and thus has

an inverse. Rearranging gives the result.

(c) Fix some𝐾 ≥ 3 and let {𝑇𝑖 }𝐾
1
be the unique optimal thresholds

for 𝐺𝐾 . We will show that the marginal value of an additional

threshold is decreasing by proving the increase in expected number

of activities from going from 𝐾 − 1 optimal thresholds to 𝐾 is

decreasing as 𝐾 increases.

Let 𝑣 (𝑡) := E[𝑉 I{𝑉 < 𝑡}] + 𝑡𝐹 (𝑡). Now rearranging Equation 2

yields

𝐺𝐾 (𝑇1, . . . ,𝑇𝐾 ) −𝐺𝐾−1 (𝑇2, . . . ,𝑇𝐾 )

= E[𝑉 I{𝑉 < 𝑇1}] +𝑇1𝐹 (𝑇1) − 𝐹 (𝑇1)𝐺𝐾−1 (𝑇2, . . . ,𝑇𝐾 )
= max

𝑡
𝑣 (𝑡) − 𝐹 (𝑡)𝐺𝐾−1 (𝑇2, . . . ,𝑇𝐾 )

≤ max

𝑡
𝑣 (𝑡) − 𝐹 (𝑡)𝐺𝐾−2 (𝑇3, . . . ,𝑇𝐾 )

= 𝐺𝐾−1 (𝑇2, . . . ,𝑇𝐾 ) −𝐺𝐾−2 (𝑇3, . . . ,𝑇𝐾 ),
where the first equality follows from the definition of𝑇1 and the first

inequality follows from 𝐺𝐾−1 (𝑇2, . . . ,𝑇𝐾 ) ≥ 𝐺𝐾−2 (𝑇3, . . . ,𝑇𝐾 ). □

B.2 Omitted Computation from Section A.1
In this section we will compute the optimal thresholds as described

in simulation section of Section A.1. First, we will iterate the ex-

pression Equation 2 to obtain a closed form,

𝐺𝑖 (𝑇𝑖 ) = E[𝑉 I{𝑉 < 𝑇𝑖 }]+
𝑖∑
𝑗=1

©«
(
𝑇𝑗 + E[𝑉 I{𝑉 < 𝑇𝑗−1}]

) 𝑖∏
𝑘=𝑗

𝐹 (𝑇𝑘 )
ª®¬ ,

where the second line follows from expanding out and rearranging

the expression, and where we let 𝑇𝐾+1 = ∞ for convenience. This

expression allows us to easily recursively compute the optimal

thresholds.

(𝐹 = Uniform[0, 5]) We will compute the optimal thresholds

and values starting from 𝑇3. First, 𝐺1 (𝑇3) = max𝑡 (𝑡 + 2.5) 5−𝑡
5

+
𝑡
2

𝑡
5
= 25

8
and is maximized by 𝑇3 =

5

2
. Next, 𝐺2 (𝑇2, 5

2
) = max𝑡 (𝑡 +

25

8
) 5−𝑡

5
+ 𝑡

2

𝑡
5
= 445

128
≈ 3.48 and is maximized by 𝑇2 = 15

8
. Finally,

𝐺3 (𝑇1, 15
8
, 5
2
) = max𝑡 (𝑡 + 445

128
) 5−𝑡

5
+ 𝑡

2

𝑡
5
= 121525

32786
≈ 3.71 and is

maximized by 𝑇1 = 195

128
. Rounding these numbers the optimal

thresholds are 𝑇1 = 1,𝑇2 = 2, and 𝑇3 = 3.

(𝐹 = Uniform[1, 10])We will compute the optimal thresholds

and values starting from 𝑇3. First, 𝐺1 (𝑇3) = max𝑡 (𝑡 + 5.5) 11−𝑡
10

+
𝑡+1
2

𝑡
10

= 157

20
and is maximized by𝑇3 = 6. Next,𝐺2 (𝑇2, 6) = max𝑡 (𝑡+

157

20
) 11−𝑡

10
+ 𝑡+1

2

𝑡
10

= 74409

8000
≈ 9.36 and is maximized by 𝑇2 = 3.65.

Finally, 𝐺3 (𝑇1, 3.65, 6) = max𝑡 (𝑡 + 74409

8000
) 11−𝑡

10
+ 𝑡+1

2

𝑡
10

≈ 10.47 and

is maximized by 𝑇1 = 195

128
. Rounding these numbers the optimal

thresholds are 𝑇1 = 2,𝑇2 = 4, and 𝑇3 = 6.
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C OMITTED FIGURES
C.1 Badges

(a) (b)

(c) (d)

(e) (f)

Figure 3: Tiered Badges for Social Media Engagement and
Exploration. The set of badges on the left ((a), (c), (e)) are awarded

for engaging with businesses on social media, while the set of

badges on the right ((b), (d), (f)) are awarded for learning more

about participating businesses. Note that the badges are visually

distinct (top to bottom: bronze, silver, and gold ribbons) with colors

consistent with the additional effort required to earn them.

C.2 Platform Highlights

Figure 4: 412Connect Instructions. A how-to guide for the

412Connect Platform starting from user sign-up and ending with

the redemption of University of Pittsburgh OCC Credit
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Figure 5: 412Connect User Dashboard (Mobile Version). An
example of the 412Connect User Dashboard. It contains the busi-

ness carousel through which the user can peruse recommended

businesses and navigate to a business page (Figure 6) by clicking

“View Business”. It also allows users to view their current progress

in the area labelled “Badges”.

Figure 6: 412Connect Business Page (Mobile Version). An ex-

ample of a participating businesses page on the platform. In includes

activities for students to complete as well as a business description

and website and social media links for the business.
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