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Redesigning Opportunity: Creating Visual Tools for
Low-Income Parents to Understand Socioeconomic Mobility

Abstract

This thesis addresses declining socioeconomic mobility in America by developing a user-centered

visualization tool for low-income families. Despite research showing how geography impacts chil-

dren’s outcomes, existing tools like the Opportunity Atlas primarily serve researchers rather than

families making critical decisions. Through a six-phase approach—need-finding interviews, the-

matic analysis, prototype development, co-design, enhancement, and testing—we created Oppor-

tunityViz, a web application translating mobility data into accessible guidance. Through interviews

with first-generation, low-income parent-child pairs, we identified ten themes shaping mobility

experiences and developed corresponding features. Usability testing showed features providing per-

sonalized recommendations, cultural considerations, and concrete action steps were highly effective.

Findings reveal effective mobility tools must offer personalization, cultural sensitivity, actionable

guidance, multiple pathways, and language accessibility. This research demonstrates how technol-

ogy can bridge academic knowledge and practical application for vulnerable populations. By mak-

ing mobility information accessible, OpportunityViz can empower disadvantaged families to make

informed decisions about their children’s futures, contributing to greater educational equity. A

demo of the tool is available at https://opportunity-ai-omega.vercel.app/.
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0
Introduction

0.1 Introduction

The American Dream is fading. In recent decades, upward mobility in America has decreased

significantly. Children born in the 1940s had a 90% chance of earning more than their parents, but

today that probability has fallen to just 50%14. This declining economic mobility raises urgent ques-
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tions about opportunity, inequality, and the future prospects of disadvantaged families. Research

by Chetty and colleagues has shown that geography plays a crucial role in determining economic

opportunity. Their work reveals striking variations in mobility rates across different regions of the

United States, with some cities offering mobility comparable to high-mobility countries like Den-

mark, while others have lower rates than any developed country with available data16. These geo-

graphic disparities in opportunity are influenced by several key factors: racial segregation, income

inequality, school quality, family structure, and social capital.

Given the importance of location in shaping children’s futures, families seeking upward mobility

face two primary options: “moving to opportunity” by relocating to higher-opportunity neighbor-

hoods, or pursuing “place-based investments” that improve conditions within their current commu-

nities. Research supports both approaches—theMoving to Opportunity experiment demonstrated

significant benefits for children who moved to lower-poverty neighborhoods at young ages15, while

place-based investments have shown potential to improve property values, reduce crime, and create

more economically diverse neighborhoods18. However, a challenge with place-based investments is

determining whether improvements genuinely benefit original residents or contribute to gentrifica-

tion, potentially pushing low-income families into other low-opportunity areas26.

To help families and policymakers understand these geographic variations in opportunity, re-

searchers have developed visualization tools like the Opportunity Atlas, which maps economic out-

comes across neighborhoods nationwide13. While these tools represent impressive achievements

in data visualization, they have a critical limitation: they are designed primarily for researchers and

policymakers rather than for the low-income families who could benefit most from this information.
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Current tools present complex economic indicators and technical terminology that may be inaccessi-

ble to parents with limited education or English proficiency. They provide data without actionable

guidance, essentially identifying problems without offering solutions. This disconnect not only rep-

resents a design limitation but also highlights a fundamental research-practice gap in how academic

knowledge about mobility is translated into actionable insights for the families who need it most.

This gap between available mobility research and the families who need it most represents a sig-

nificant challenge that this thesis aimed to address. By developing a tool specifically designed for

low-income immigrant families, this research sought to translate complex socioeconomic mobility

data into accessible, actionable guidance that empowers parents to make more informed decisions

about their children’s futures. The unique contribution of this work lies in its user-centered ap-

proach to bridging this research-practice gap, creating a solution that not only simplifies complex

data but transforms it into culturally responsive guidance aligned with families’ actual decision-

making processes.

Building on this identified gap, this study explored three primary research questions. First, how

can we create effective socioeconomic mobility tools for low-income immigrant families? Second,

how effective is a user-centered design approach in developing such tools? Third, how can visual-

ization tools bridge the gap between academic mobility research and practical decision-making for

disadvantaged families? To answer these questions, the research had several objectives: identify the

specific needs, challenges, and decision-making processes of low-income immigrant families through

qualitative interviews; analyze these findings to develop themes that inform tool design; create a

prototype tool that addresses the identified needs and challenges; refine the prototype through co-
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design sessions with target users; and evaluate the effectiveness of the enhanced prototype through

usability testing.

The study used a structured, six-phase approach to develop and evaluate a visualization tool de-

signed to help low-income parents make informed decisions about their children’s socioeconomic

mobility. In Phase 1 (Need-Finding), qualitative interviews were conducted with six parent-child

pairs, where the “child” was a first-generation, low-income (FGLI) student at Harvard College.

These semi-structured interviews explored family backgrounds, educational experiences, challenges

faced, location decision-making processes, and potential tool design preferences. Phase 2 (Thematic

Analysis) followed Braun and Clarke’s framework6 to analyze the interview data and identify key

patterns. This process yielded 30 initial codes that were subsequently organized into 10 themes rep-

resenting the complex experiences of immigrant families pursuing socioeconomic mobility.

For Phase 3 (Prototype Development), a functional prototype named “OpportunityViz” was

developed based on the 10 themes identified in the thematic analysis. Each of the 10 features directly

corresponded to one of the identified themes, ensuring the tool addressed specific user needs. The

prototype was built using web technologies, with interactive visualizations implemented through

mapping and data visualization libraries. The development process utilized generative AI tools to

rapidly prototype features, allowing for more efficient iteration. In Phase 4 (Co-Design Sessions),

the prototype was refined through collaborative sessions with five of the original parent-child pairs.

These sessions included evaluating current search methods, exploring the prototype, and collabora-

tively refining features based on participant feedback. The feedback gathered during these sessions

informed Phase 5 (Prototype Enhancement), where improvements were prioritized according to
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frequency of mention, potential impact on usability, and technical feasibility. Finally, Phase 6 (Us-

ability Testing) evaluated the enhanced prototype through final usability tests with the parent-child

pairs, who rated how well the website and specific features addressed each theme and provided quali-

tative feedback on their overall experience.

The research produced several important findings about how low-income immigrant families

navigate socioeconomic mobility decisions and how visualization tools can better support them.

Need-finding interviews revealed that immigrant families struggle with understanding U.S. systems,

face significant language barriers, and have difficulty finding personalized information relevant to

their specific circumstances. Many rely on word-of-mouth rather than online resources due to ac-

cessibility and language challenges, highlighting a gap between available mobility data and those

who need it most. Five common themes emerged across all research phases, indicating that effective

mobility tools must provide: personalized information tailored to specific family circumstances;

recognition of cultural connections alongside economic considerations; actionable guidance rather

than just raw data; multiple pathways for both “staying and improving” and exploring new areas;

and comprehensive language accessibility.

Addressing the first research question on creating effective tools for low-income immigrant fam-

ilies, the findings demonstrated that tools must prioritize practical guidance over complex data, in-

corporate cultural considerations, and accommodate varying levels of digital literacy. For the second

research question on user-centered design effectiveness, the iterative approach successfully translated

identified needs into functional features, with most features receiving ratings between 7-10 across

themes during usability testing. Regarding the third research question on bridging the research-
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practice gap, the study showed that effective tools must transform abstract mobility data into con-

crete action steps with specific, culturally-sensitive recommendations.

The most successful features provided personalized, practical guidance while acknowledging real-

world constraints: the Personalized To-Do List turned complex processes into manageable steps,

Demographic Breakdowns helped identify cultural connections, and Housing Options provided

critical financial transparency. An unexpected finding was that many parents had limited digital liter-

acy and relied on their children’s assistance with navigation, suggesting that mobility tools should be

designed for collaborative family use rather than assuming individual interaction.

These findings address significant limitations in current mobility tools by prioritizing accessi-

bility and actionability. Unlike the Opportunity Atlas, which presents complex visualizations for

researchers and policymakers, the OpportunityViz prototype translates information into formats

accessible to families with varying educational backgrounds and technical literacy. It transforms ab-

stract mobility data into concrete action steps, providing specific recommendations for improving

local opportunities or exploring relocation options—a practical connection between information

and action missing from existing tools. By incorporating demographic information, cultural con-

siderations, and community resources alongside traditional economic metrics, OpportunityViz ac-

knowledges the multifaceted nature of family decision-making. OpportunityViz represents a novel

approach to bridging the research-practice gap in socioeconomic mobility, demonstrating how com-

plex academic findings can be transformed into practical decision-making support for disadvantaged

families.

The remainder of this thesis is organized as follows: Chapter 1 (Background and Literature Re-
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view) examines the current state of socioeconomic mobility in America, evaluates existing online

tools like the Opportunity Atlas, and explores the role of data visualization in socioeconomic mo-

bility. Chapter 2 (Methods) details the six-phase approach used to develop and evaluate the Oppor-

tunityViz prototype. Chapter 3 (Results) presents the findings from each phase, including the 10

themes identified in the thematic analysis, the implementation of corresponding features in the pro-

totype, feedback from co-design sessions, enhancement decisions, and usability testing outcomes.

Chapter 4 (Discussion) interprets the results in the context of existing research, addresses the re-

search questions, explores theoretical and practical implications, acknowledges limitations, and

suggests directions for future research. Chapter 5 (Conclusion) summarizes the key findings and

contributions, highlighting how tools like OpportunityViz can bridge the gap between academic

mobility research and the families who could benefit most from these insights.

Through this comprehensive exploration of how to design effective socioeconomic mobility

tools for low-income immigrant families, this thesis aimed to contribute to both the theoretical

understanding of technology’s role in addressing social challenges and the practical development of

tools that can help reduce opportunity gaps and promote greater educational equity.
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1
Background and Literature Review

1.1 SocioeconomicMobility in America

In recent years, the American dream has been fading because fewer children are achieving upward

mobility in America. Children no longer earn more than their parents did. As discussed in “The

Fading American Dream: Trends in Absolute IncomeMobility Since 1940” by Chetty et al. 14 .

They analyze pre-tax household income for people born from 1940 to 1984 using data from the
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Census and Current Population Surveys to measure absolute mobility. They found that the frac-

tion of children earning more than their parents fell from approximately 90% for children born in

1942 to around 50% for children entering the labor market today14. Children with low-income

parents will most likely continue to be low-income when they grow up to be adults. It is also in-

creasingly more difficult for low-income individuals to climb up the economic mobility ladder in

America. Thus, it is important to understand the causes of this mobility decline so we can help dis-

advantaged families create a better future for themselves and their kids.

Geography in America, particularly where a child grows up, is an important determinant of op-

portunity. Some areas in the United States have more resources than others, so if a child grows up

in an area with more resources, it makes sense for them to achieve upward mobility easier than a

child who did not grow up there. Professor Chetty and his team also support this finding by taking

earnings data for millions of children born between 1980-82 and measuring their earnings at 30.

They connected mobility outcomes to commuting zones, which are geographic areas of counties

based on where children grow up. They found that some areas in the United States, at a granular

level, have much higher rates of upward mobility than others. For example, in their paper, they write

that “Some cities such as Salt Lake City and San Jose have rates of mobility comparable to coun-

tries with higher relative mobility rates such as Denmark other cities such as Atlanta andMilwaukee

have lower mobility rates than any developed country for which data are currently available”16. This

highlights the harsh reality that a child in one neighborhood can experience incredibly different

mobility outcomes than, in some cases, a child living just across the street. Given the considerable

differences in opportunity across America, finding the factors influencing such disparities is incredi-
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bly important.

Having established the significant role of geography in determining mobility outcomes, we now

turn to understanding the specific factors that contribute to these geographic variations. The geo-

graphic variations in socioeconomic mobility are influenced by factors that impact children as they

grow up, including segregation, income inequality, school quality, family structure, and social capi-

tal. Chetty et al. 16 support this in their paper “Where is the Land of Opportunity? The Geography

of Intergenerational Mobility in the United States.” For example, regarding racial segregation, places

with larger African-American populations have lower upward mobility, which impacts both Black

andWhite residents. This suggests that racial composition affects communities as a whole rather

than impacting individuals alone. Chetty’s study also analyzed income inequality using Gini coef-

ficients and found that areas with more inequality experience lower mobility. Thus, places with a

strong middle class tend to have higher mobility. The quality of K-12 education, measured by test

scores, dropout rates, and class sizes, positively influences upward mobility16. Social capital also

supports upward mobility through social networks, religious involvement, and civic engagement.

Lastly, the strongest predictor among all the factors of mobility is family structure, where children

in communities with fewer single-parent homes experience more mobility, regardless of their own

family situation. To summarize, common characteristics of high-mobility areas have less segrega-

tion, lower inequality, better schools, stronger social capital, and greater family stability. Although

these factors strongly correlate with promoting socioeconomic mobility, it is important to note that

“there is substantial variation in the United States in the prospects for escaping poverty,” meaning

this might not apply to all areas in the United States16. Low-income minority families tend to live in
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areas that don’t have these factors, so it is important to address these systematic disparities.

Given that economic mobility prospects depend on geography, one approach to achieving up-

ward mobility is moving to opportunity, where families move to affordable houses in high-opportunity

areas. To test this theory, the US Department of Housing and Urban Development created the

Moving to Opportunity (MTO) experiment. This experiment found low-income families living

in high-poverty public housing and gave them housing vouchers, encouraging them to relocate to

higher-opportunity neighborhoods. When adults and older children moved to these neighborhoods,

their earnings did not increase over time, suggesting that MTO didn’t work. However,15 newly an-

alyzed this experiment and found that children, in particular, were impacted by moving to higher

opportunity areas, and their earnings did increase over time. Chetty’s new analysis showed that

the duration of exposure to a better environment for children significantly impacts long-term out-

comes15. Furthermore, moving at a younger age has greater benefits. Each additional year spent in

a low-poverty neighborhood significantly increases future earnings, while moving older children

(ages 13–18) has minimal or even adverse effects15. Their research shows that “moving a child

out of public housing to a low-poverty area when young (at age 8 on average) using a subsidized

voucher like the MTO experimental voucher will increase the child’s total lifetime earnings by about

$302,000”15. Thus, Chetty et al. conclude, “Efforts to integrate disadvantaged families into mixed-

income communities are likely to reduce the persistence of poverty across generations.”15

Another approach to improving economic mobility based on geography is place-based invest-

ments, where we try to increase opportunities within disadvantaged neighborhoods. This provides

families with an alternative strategy, especially since not all families can or want to relocate. An

11



example of programs that use the place-based approach is The Low Income Housing Tax Credit

(Housing Credit) which stimulates investment in affordable housing in underserved urban and

rural communities and in higher cost suburban communities across the nation23. Place-based invest-

ments have shown the potential to improve property values, reduce crime, and create more econom-

ically diverse neighborhoods18. However, a challenge is determining whether these improvements

genuinely benefit the original residents or contribute to gentrification. As neighborhood value in-

creases, low-income, long-term residents may be pushed into another low-opportunity area because

wealthy newcomers want to live there, which increases the neighborhood value even more26. Still,

those who could benefit the most may be forced out. Thus, place-based investments must promote

inclusion instead of displacement to truly break cycles of poverty.

Although place based investment research has focused on helping communities as a whole through

different programs, individual effort from a family might be a promising way to achieve upward mo-

bility. As mentioned above, segregation, income inequality, school quality, family structure, and

social capital strongly correlates with upper mobility. Thus, instead of moving to a higher opportu-

nity area as a whole, parents can help their kids individually by focusing on parts of their communi-

ties they can change. For example, segregation, income inequality, and family structure may not be

necessarily changed on an individual basis. But, perhaps moving your child to a better school within

the area to increase school quality or participating in local community programs to build social capi-

tal could be a way to individually increase upward mobility. We hope to test this theory in the study

by interviewing families to determine if this is a possible solution.
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1.2 Evaluating Online Tools - The Opportunity Atlas

1.2.1 Overview

Neighborhoods are important in shaping opportunities for children and their potential to achieve

upward socioeconomic mobility. The next natural step is finding which neighborhoods in Amer-

ica offer the best chances for children to climb up the economic ladder. Professor Chetty and his

team created the Opportunity Atlas, which is a freely available interactive mapping tool that traces

economic outcomes back to the neighborhoods where children grew up13. As the most influential

tool in this space, Opportunity Atlas represents an incredible achievement in making socioeconomic

data more accessible to the public and has set the standard for visualizing socioeconomic mobility.

While looking for alternatives, we found other prominent visualization tools like those from

the New York Times and the Urban Institute that also try to make economic mobility data more

accessible to the general public. However, like the Opportunity Atlas, they are mainly designed for

researchers, policymakers, and community leaders instead of low-income parents, who are the very

people who could benefit the most from this information. This reveals a broader issue beyond any

single tool: Why aren’t we conveying socioeconomic mobility data in a way that empowers the very

people it impacts most?

In this thesis, we will evaluate the Opportunity Atlas and propose a new tool that addresses what

may be lacking in current tools to provide an alternative that better meets the needs of low-income

parents making decisions about their children’s futures.
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1.2.2 The Opportunity Atlas Overview

The Opportunity Atlas is an interactive web-based tool that visualizes data on children’s outcomes

in adulthood based on the neighborhoods they grew up in (Figure 1.1). It provides a map of eco-

nomic opportunity across America and lets users explore how children’s outcomes vary across neigh-

borhoods based on factors like parental income, race, and gender.

When using this tool, we found three main features: (1) the left panel showing a list of socioeco-

nomic indicators, (2) the top-right panel that lets users filter results based on parent income, child

race, and child gender, and (3) the main choropleth map, which dynamically updates based on the

selected indicators and filters. Each component has a specific purpose to help users navigate and

interpret the complex data on socioeconomic mobility.

In our evaluation, we focus specifically on the Mobility Outcomes section of the Atlas instead of

the Mobility Trends section. This is because the Outcomes data provides the most direct insights

into how neighborhoods influence children’s future. We evaluate each feature based on its strengths

and weaknesses for serving low-income parents, who may lack the knowledge researchers and poli-

cymakers typically have. We also provide potential improvements for each identified limitation that

could make the tool more accessible and actionable.

1.2.3 Component 1: The Left Panel (Socioeconomic Indicators)

The website’s left panel puts socioeconomic indicators into two categories: children’s outcomes in

adulthood and neighborhood characteristics. The first category includes household income at age

14



Figure 1.1: Opportunity Atlas

35, incarceration rates, teenage birth rates, employment status, and educational attainment. The

second category has neighborhood-level metrics, such as median rent, employment growth rates,

poverty levels, racial demographics, and population density.

Strengths

A strength of the left panel is its comprehensive list of factors that help users access a large amount

of information efficiently on a centralized website. Users can see different economic trends and how

a particular factor changes the main choropleth map. This depth of data is particularly valuable for

researchers and policymakers who want to better understand mobility patterns.

Weaknesses

While factors like “Fraction of the Top 1% of Income” or “Hours Worked per Week at Age 35” may

provide valuable insights for policymakers and researchers, they often fail to reflect the priorities

15



of low-income parents when choosing neighborhoods for their children. Research shows that low-

income families primarily focus on immediate, practical concerns like affordable housing, safety,

school quality, access to healthcare, and reliable transportation rather than abstract economic indi-

cators17,31. For instance, Rosenblatt & DeLuca 31 found that parents often prioritized the quality

and affordability of a housing unit over neighborhood characteristics, accepting higher-crime areas

to secure larger or more affordable homes. Similarly, Bergman et al. 5 demonstrated that low-income

families often underestimate school quality based on neighborhood characteristics alone. When

provided with clear school performance information, families were significantly more likely to se-

lect neighborhoods with higher-performing schools, revealing the role of informational barriers in

decision-making. These findings suggest that more relevant, actionable indicators that address par-

ents’ immediate concerns could better support low-income families in making informed choices for

their children’s well-being.

Furthermore, the way the data is presented is too academic, with poor labeling that makes the

indicators difficult to interpret. Even factors that could be useful, such as “Household Income at

Age 35,” which serves as the basis for the Atlas’ Opportunity Score, might confuse rather than in-

form parents. Many metrics are presented in different units like percentages, dollar amounts, and

fractions, making comparisons challenging. Technical terms may also pose difficulties for individ-

uals without an economics or data analysis background. Research indicates that data literacy is a

significant challenge for many adults in the U.S.; in 2003, approximately 46 million adults had Be-

low Basic quantitative literacy, limiting their ability to interpret complex data accurately22. Instead

of simplifying data for general users, the Opportunity Atlas assumes a level of statistical literacy that

16



many parents may not have.

Additionally, while the large amount of data presented may be beneficial for analysis, it can over-

whelm parents due to the lack of clear guidance on what matters most. The Opportunity Atlas

displays dozens of indicators in an unstructured list, requiring parents to manually sift through the

data without a framework to prioritize the most relevant metrics. Research indicates that cognitive

overload, caused by excessive information, can significantly impair decision-making effectiveness by

exhausting cognitive resources and reducing decision quality11.

Proposed Improvements

To address these issues, a better tool should include measures that directly impact family decision-

making, like school ratings, crime statistics, healthcare access, and transportation. These factors are

consistently identified as priorities for families when evaluating neighborhoods.

The tool should also use plain language with simple explanations so parents can easily understand

how each factor will impact their child’s future. Technical terms should be replaced with everyday

language, and each indicator should briefly explain why it matters for children’s outcomes.

Furthermore, the tool should better categorize indicators to help users navigate the information

more efficiently. Instead of presenting a long list, the indicators could be grouped into categories

that align with how parents actually think about neighborhoods, such as “Education,” “Safety,”

“Health,” and “Economic Opportunity.”

17



1.2.4 Component 2: The Top-Right Panel (Demographic Filters)

The top-right panel of the Opportunity Atlas allows users to select specific demographic groups,

including parent income level (low, middle, or high), child race (White, Black, Hispanic, Asian, or

American Indian), and child gender (male or female). When users adjust these filters, the map up-

dates to showmobility outcomes for the selected demographic group.

Strengths

The filtering options provide a basic level of personalization that lets users customize the data to spe-

cific demographic groups. This is valuable because mobility outcomes can vary dramatically across

different demographic categories. Filtering by parent income, child race, and gender allows users to

see how these characteristics influence children’s outcomes and identify disparities in opportunity

across different groups.

Weaknesses

While the existing filters provide a degree of personalization, they are too simplistic to capture the

complex factors influencing a child’s mobility. Studies on web personalization indicate that more

tailored data inputs can significantly enhance user decision-making and build trust in a tool’s recom-

mendations21. For parents, deciding where to raise their children is among the most critical choices

they face, yet the Opportunity Atlas lacks sufficient options to account for their family’s unique

circumstances.

18



Many important filters are missing from the Opportunity Atlas. First, the child’s age is not in-

cluded, despite Chetty’s research showing that younger children benefit significantly more from

growing up in high-opportunity areas than older children15. Without this filter, parents can’t see

howmobility outcomes might be different based on their child’s stage of development.

Second, parental employment status is also absent from the filters. A parent’s employment status

can significantly impact a child’s long-term success. A parent who is currently unemployed may pri-

oritize living in an area with strong labor market opportunities and job training programs. However,

the Opportunity Atlas does not provide a way to factor this into the analysis. Research by Chetty

et al. 12 demonstrates a clear link between parental employment and children’s long-term outcomes,

showing that children raised in communities with higher parental employment rates experience

significantly better economic mobility and educational attainment. Conversely, widespread unem-

ployment among parents can limit children’s chances of upward mobility, further underscoring the

importance of including parental employment in socioeconomic analyses12.

Overall, the one-size-fits-all filtering approach limits the data’s relevance for many families, espe-

cially those with more complex circumstances than the basic demographic categories.

Proposed Improvements

A better tool would allow parents to input a more detailed profile of their family’s circumstances

to generate personalized insights. Adding a filter for a child’s age would help parents understand

how the timing of their move might affect their children’s outcomes. Adding parental employment

status would allow parents to see how their current employment situation might interact with neigh-
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borhood characteristics. By providing more customization, the tool gives more relevant recommen-

dations so parents can make informed decisions about where to raise their children.

1.2.5 Component 3: TheMain ChoroplethMap

The main feature of the Opportunity Atlas is the interactive choropleth map that visualizes socioe-

conomic mobility data using color-coded census tracts. This map dynamically updates based on the

selected indicators and demographic filters. It shows different shades of color to represent varying

levels of opportunity or outcomes across geographic areas. Users can zoom in and out of the map,

search for specific addresses or regions, and click on individual census tracts to see detailed statistics

for that area.

Strengths

The map’s visual representation of spatial trends makes it easy to identify patterns in mobility out-

comes across different geographic areas quickly. By using colors to represent data values, the choro-

pleth map allows users to find high and low-opportunity areas quickly, which would be difficult to

figure out from just tables of numbers. This visualization technique effectively shows how opportu-

nity varies across space, which is the tool’s purpose.

The map’s search functionality helps users find specific areas they are interested in. This could be

their current neighborhood, a potential new location, or another area they want to investigate. This

makes the dataset more navigable and allows users to focus on areas most relevant to their needs.

Additionally, the map updates in real time as users select different indicators and filters. This
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allows for interactive exploration of the data. Users can quickly switch between metrics to see how

patterns change and compare different demographic groups within the same geographic area.

Weaknesses

When users first open the Opportunity Atlas, they are shown a dense color-coded map of the en-

tire United States. This immediate national-scale view can overwhelm parents who may struggle to

connect with the data or find it relevant to their local context. Research suggests that large, complex

maps can lead to cognitive overload, making it harder for users to interpret the information effec-

tively7,20. Additionally, national-scale visualizations may feel impersonal or distant, further compli-

cating user engagement and reducing the perceived relevance of the data20. While users can enter an

address to zoom into their area, the initial exposure to a broad, data-dense map may contribute to

cognitive strain, particularly for those unfamiliar with interactive data tools. Studies highlight that

simplifying visualizations and incorporating user-centered design principles can significantly reduce

cognitive load and improve decision-making7.

The map allows users to explore factors like education levels, income, or incarceration rates, but it

doesn’t help users understand how these factors interact to shape overall opportunity in a given area.

For example, a low-opportunity neighborhood may struggle due to income inequality, poor school

quality, or lack of social capital, but the tool doesn’t explain these relationships. It is possible to

make these conclusions using the current Opportunity Altas design, but users must manually click

through factors one by one, analyze them individually based on the colors of each area, and conduct

their own comparative analysis. This is a complex and time-consuming task that many parents may
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not have the background or expertise to perform.

Proposed Improvements

To address these issues, an improved tool could start at a more familiar geographic level, such as the

user’s neighborhood. This would help users relate to the data more immediately. The tool could

then offer options to zoom out to compare with other areas as needed. The color scheme should not

be ambiguous about which areas provide better opportunities. Using consistent color coding (e.g.,

blue for positive outcomes, red for negative) across all indicators could be more intuitive. Finally,

the tool should have an analysis of factor interactions to help users understand not just what the

patterns are but why they exist. This could include explanations of how different factors relate to

each other in specific geographic contexts. By providing this contextual information, the tool would

help parents develop an understanding of neighborhood opportunities and make more informed

decisions about where to live.

1.2.6 General User Experience Considerations

Strengths

In general, the Opportunity Atlas is a comprehensive tool that combines many socioeconomic in-

dicators in one place. It uses anonymized data from over 20 million Americans and tracks their out-

comes from childhood to adulthood to connect these outcomes to the neighborhoods where they

grew up. This large amount of data provides valuable insights into patterns of economic mobility
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across the United States.

Another great strength is that the Opportunity Atlas is freely available to the public. Unlike

many data tools that require paid subscriptions or institutional access, the Atlas can be accessed

by anyone with an internet connection.

The Opportunity Atlas is a powerful tool for researchers, policymakers, and community leaders

to analyze mobility patterns. Its comprehensive data, filtering capabilities, and visualization features

allow expert users to conduct in-depth research and create evidence-based policies to address dispari-

ties in opportunity.

Weaknesses

Despite its strengths for expert users, the Opportunity Atlas lacks a structured step-by-step process

to guide non-expert users through data exploration and decision-making. While users can search for

a location and adjust filters, the tool does not offer a recommended workflow for analyzing mobility

data. Without this structure, parents must determine their approach, which could lead to misinter-

pretation.

There is also a notable lack of guidance on interpreting the data presented. The tool provides raw

statistics without contextualizing what they mean for a child’s future or how parents might use this

information to make decisions. For example, knowing that a neighborhood has a certain outcome

measure doesn’t necessarily tell a parent whether that area would be good for their specific child or

what aspects of the neighborhood might be driving those outcomes.

Most importantly, the Opportunity Atlas identifies problems without offering solutions. Even if
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parents successfully navigate the tool and discover they live in a low-opportunity area, they have no

guidance on their actions. The tool simply confirms that their situation may limit their children’s

prospects but provides no actionable steps or resources to address this challenge. Parents are left

to determine on their own how to create better opportunities for their children, with no direction

on whether to seek improvements within their current community or consider relocation. For in-

stance, if school quality is identified as a limiting opportunity, Atlas doesn’t suggest nearby areas

with better schools or provide information about school choice programs. If social capital is lack-

ing, it doesn’t highlight local mentorship programs or community resources that could help. For

families trying to move, the tool offers no guidance on affordable housing options, rental costs in

higher-opportunity areas, or assistance programs that might make relocation feasible. This lack

of actionable information significantly limits the tool’s practical value for the families who need it

most.

Proposed Improvements

An improved tool should provide an incremental approach with a clear workflow that guides users

through exploring mobility data. This could involve a series of steps that help users first define their

family’s characteristics and priorities, then identify relevant indicators, and finally interpret the

results to inform their decision-making.

The tool should also guide users through an interactive process that gradually builds their under-

standing of the data. This could involve prompts, tooltips, and explanations that help users under-

stand what they see and connect it to their circumstances.
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Finally, and perhaps most importantly, the tool should connect insights to actions by providing

concrete recommendations and resources based on the data. After identifying a family’s situation,

it should offer specific, practical steps they can take to improve their children’s prospects, whether

through community resources, education options, or relocation assistance. The tool would truly

empower parents to create better futures for their children by bridging the gap between information

and action.

1.3 The Role of Data Visualization in SocioeconomicMobility

Visualizing socioeconomic mobility data is important to bridge the gap between complex academic

research and the practical decision-making processes of low-income immigrant families. While re-

searchers and policymakers often rely on abstract data and statistical analyses to understand mobility

trends, families making decisions about their children’s futures require clear, actionable insights.

However, these families frequently face challenges in accessing and interpreting mobility data due

to language barriers, limited digital literacy, and a lack of personalized information. Effective data

visualization can translate complex findings into intuitive, relatable formats, fostering greater under-

standing and enabling informed decision-making.

Visual storytelling serves as a powerful tool for translating abstract data into comprehensible

information for non-experts. Garreton et al. 19 define data stories as “sequences of data facts con-

nected through a meaningful narrative” that combine visualizations and storytelling to convey infor-

mation effectively. This approach is particularly valuable when communicating complex mobility
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Table 1.1: Opportunity Atlas Evaluation Summary

Feature Strengths Weaknesses Proposed Solutions
Feature 1: Left
Panel (Indica-
tors)

Comprehensive data
access

Not parent-focused Add family-relevant
metrics

Centralized economic
trends

Overly academic pre-
sentation

Use plain language

Interactive visualiza-
tion

Information overload Categorize by parent
priorities

Feature 2: Top-
Right Panel
(Filters)

Basic personalization Oversimplified filters More detailed family
profiles

Demographic outcome
comparisons

No child age considera-
tion

Add child age filter

Highlights opportunity
disparities

Missing family struc-
ture options

Include family
size/employment
status

Feature 3:
Choropleth
Map

Visual pattern recogni-
tion

Overwhelming na-
tional view

Start at neighborhood
level

Location search func-
tion

Ambiguous color
scheme

Intuitive color coding

Real-time data updates No factor interaction
analysis

Explain factor relation-
ships

General User
Experience

Rich data from 20M+
Americans

No guided workflow Step-by-step user pro-
cess

Free public access Lacks interpretation
help

Add explanatory ele-
ments

Strong research utility No actionable solu-
tions

Connect insights to
resources
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data, as visualizations can minimize comprehension gaps in quantitative information3. The devel-

opment of data visualizations that accommodate individuals with varying levels of health literacy

is crucial for effective communication3. Building on this, Chang et al. 8 found that data visualiza-

tions can increase engagement and effectively communicate underlying trends in patient data, allow-

ing faster data comprehension and facilitating more informed decisions. Supporting this, Rackers

et al. 29 note that although the vast majority of indicators included in opportunity assessment tools

come from publicly available data sources, these sources are not always user-friendly or easily accessi-

ble. Thus, well-designed visualizations help bridge this gap by supporting users in interpreting and

applying data through high-quality data visualizations, customizable graphics, and downloadable

datasets.

Despite advances in data visualization techniques, there’s still a significant disconnect between

research-generated data and its practical application by families and communities. Chau et al. 10

identified that when communities experience differences in accessing data or have varying skills to

create visualizations, they may not be as meaningful. Their scoping review revealed only a few stud-

ies that took participant preferences into account or engaged intended users in more than one round

of feedback during visualization development. Arcia et al. 4 emphasized the importance of user-

centered design by demonstrating that successful infographics used intuitive scaling consistent with

caregivers’ perspectives, suggesting that visualizations should match users’ existing mental frames

to be most effective. This alignment between visualization and user perspective becomes even more

critical when considering Chang et al. 8 ’s findings emphasizing the importance of having a digital

navigator or intermediary who can help both patients and clinicians interpret visualizations. This
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intermediary role becomes essential in translating research findings into actionable insights for fam-

ilies, particularly since even participants with high graph literacy reported difficulty understanding

data in ways relevant to their everyday lives. Further complicating matters, Rackers et al. 29 observed

that measuring opportunity can be challenging for private citizens, small organizations, and com-

munity leaders who may lack the funding, tools, or data analysis capacity to track successes and

challenges.

To address these disconnects, personalization is a key factor in creating effective data visualiza-

tions that genuinely resonate with users. Arcia et al. 4 found that tailored infographics supported

caregivers’ comprehension of their health status and served as cues to engaging in self-management.

Their study revealed that participants reacted to unfavorable results within an infographic by de-

scribing how it would motivate them to engage in specific self-management actions. Extending this

understanding, Chang et al. 8 discovered that visualizations enabled patients to reflect on past ex-

periences, validate current emotions, visualize progress made during treatment, and identify new

trends between behaviors and mood. However, they also found no clear consensus on preferred vi-

sualization types, corroborating findings that different methods of visualizing data may be useful

for different people depending on their background and goals. This variability in preferences under-

scores the importance of co-designing visualizations with end users. As Chau et al. 10 recommended,

visualizations should strive for deeper and more meaningful community involvement throughout

the development process, addressing language and cultural differences, and empowering intended

users as data storytellers. Reinforcing this perspective, Rackers et al. 29 highlighted how different

tools with similar focus employ varying conceptualizations of opportunity, making certain visualiza-
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tions more relevant for users working in different sectors or with different populations.

Given these insights on personalization and user engagement, the development of effective mo-

bility tools requires an iterative, user-centered design (UCD) approach that positions end-users

centrally throughout the design, development, testing, and evaluation processes9,33. This approach

is particularly critical when designing for diverse populations with varying needs and technological

experiences. For instance, Chatterjee et al. 9 demonstrated how their iterative UCD process for the

ProHealth eCoach application involved multiple design workshops with potential users, enabling

continuous refinement based on user feedback. In a similar vein, Mateo et al. 24 conducted extensive

parent-child interviews that revealed critical insights about interface preferences, including parents’

desire for ”visuals over text, and color themes that were bright, colorful, and engaging.” These inter-

views helped designers understand that while parents preferred larger screens for detailed informa-

tion, they relied on smartphones for quick information access, necessitating responsive design that

works across multiple device types24.

Beyond user involvement in the design process, prioritizing intuitive interfaces to accommodate

varying levels of digital literacy becomes essential when creating mobility tools for diverse popula-

tions. Srivastava et al. 32 emphasized that ”simple, clean interfaces” with minimized text and visual

components optimize the user experience, particularly for low-literate users. Their research high-

lighted the importance of breaking down information across screens to improve visual readability

and reduce information overload. Moreover, clear visual cues such as bold text, highlighting, and

color-coding can effectively direct users’ attention to important content32. Building on these de-

sign principles, Wong-Villacres et al. 33 further demonstrated the value of simplifying navigation
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structures, noting that ”listing items on a page instead of adopting multi-level hierarchies” makes in-

terfaces more accessible to users with limited technological experience. Additionally, incorporating

numerical literacy—using numbers where applicable to convey information—has proven effective,

as many users with limited textual literacy still demonstrate comfort with numerical information32.

Finally, cultural sensitivity must be at the forefront when designing mobility tools, particularly

for immigrant families navigating unfamiliar systems. Robertson et al. 30 noted that online infor-

mation resources often “lack personalization and nuance,” failing to address the specific needs and

circumstances of underserved families. Their research emphasized that effective information sup-

port requires understanding a family’s circumstances and goals, along with providing nuanced in-

formation about available resources. Complementing this cultural awareness, the integration of

bilingual support is crucial, as Wong-Villacres et al. 33 observed that bilingual parent-education li-

aisons often create “language-specific communication channels to ensure parents receive important

information.” These liaison-created communication groups (e.g., WhatsApp groups) were ”one of

the sources of information that the parents... deemed as extremely useful”33. Further illustrating the

importance of cultural context, Pina et al. 28 showed how Latino children frequently assist parents

with online information searches, highlighting the importance of designing for collaborative family

use. Ultimately, personalized recommendations that consider individual preferences and cultural

contexts significantly enhance user engagement, as demonstrated by Chatterjee et al. 9 , who incorpo-

rated AI-based interval forecasting and personalized activity goals to motivate healthy behaviors in

their eCoach application—an approach that could be effectively adapted for mobility visualization

tools aimed at diverse immigrant families.
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2
Methods

In this study, we use a structured approach to develop an AI-powered visualization tool that is in-

tended to help low-income parents make informed decisions about their children’s socioeconomic

mobility. For the methods, we have six phases: need-finding, thematic analysis, prototype develop-

ment, co-design, prototype enhancement, and usability testing. Each phase builds on the previous

one to make sure our final tool is based on research and user feedback.
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2.1 Phase 1: Need Finding

Since our goal was to create a tool to help low-income parents navigate socioeconomic mobility

decisions for their kids, it was important to first understand their challenges, decision-making pro-

cesses, and information needs. Thus, we conducted qualitative interviews with six child-parent pairs

(n = 12 total participants) where the “child” is a student at Harvard College from a first-generation,

low-income (FGLI) background. Given that these students achieved upward mobility by attend-

ing a prestigious college despite navigating financial and social difficulties, learning from the child-

parent pairs offered valuable insights into successful stories of upward mobility. Although a larger

and diverse participant pool would have been ideal for generalizing the findings, unfortunately, logis-

tical constraints limited the sample to this specific group. Nonetheless, their stories of struggle and

strategies of success provided a great perspective for understanding economic mobility.

Most of the need-finding interviews were conducted over Zoom, with two of them being on

paper due to scheduling conflicts with the parents. Before starting the interviews, we obtained in-

formed consent from all of the participants. Each person received a detailed consent form explain-

ing: (1) the purpose of the study, (2) the expectation that they will participate in the need-finding

interview, codesign session, and usability test, (3) they will be compensated with $15 per session

with funding fromHarvard College Research Program (HCRP), (4) their rights as participants, (5)

their voluntary involvement, (6) and their ability to withdraw at any time without consequences.

We also told the participants that their responses would be confidential and only used for this re-

search. Since socioeconomic mobility research encourages interviewees to discuss sensitive topics
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about their personal life experiences and decisions, we told the participants that answering any of the

questions is optional and their comfort is the first priority. We also secured an Institutional Review

Board (IRB) approval to ensure ethical research practices throughout the study.

The interviews followed a semi-structured format to encourage participants to give open-ended

responses to provide honest and thoughtful reflections on their experiences. The interview ques-

tions were also carefully designed so participants from diverse educational and cultural backgrounds

felt comfortable sharing their perspectives. We created the questions based on existing literature on

socioeconomic mobility, expert feedback on user-centered design, and preliminary discussions with

community members. This approach helps us make sure that the study covers important themes

like the challenges of navigating mobility, the role of resources and support systems, the decision-

making process for achieving upward mobility, and usability considerations for online tools.

Interview Structure

1. Introduction and Background (5–10 minutes)

• Can you tell me a little about your family and your current living situation?
• What does educational success mean to you and your family?

2. Experiences and Challenges (15–20 minutes)

• How have you supported your child in pursuing their education or future goals?
• What resources, people, or programs have been most helpful to you?
• What challenges have you faced while trying to provide opportunities for your child?

3. Decision-Making AboutWhere to Live (15 minutes)

• What factors were most important to you when choosing where to live?
• Have you ever considered moving to provide better opportunities for your child? If so,
what influenced that decision?
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• What kind of information would have been helpful to you when making these deci-
sions?

4. Tool Design and Feedback (15 minutes)

• If you had access to a tool that provided information about educational opportunities
or neighborhoods, how would you use it? What kinds of questions would you want
such a tool to answer for you?

• What concerns or hesitations might you have about using a tool like this?

5. Wrap-Up (5 minutes)

• Is there anything else you think would be helpful for families like yours to know when
navigating opportunities for their children?

2.2 Phase 2: Thematic Analysis

After the need-finding interviews, we conducted a thematic analysis to evaluate the qualitative data.

We used the thematic analysis framework created by Braun &Clarke 6 . Their method is widely used

as it offers a clear, flexible, and rigorous approach to identifying and interpreting patterns of mean-

ing within qualitative data. Before starting the thematic analysis, it’s important for me to discuss

my background as it impacts how I approach evaluating the qualitative data. As a first-generation

low-income student, my own life experiences play an important role in understanding the challenges

that come with socioeconomic mobility. Personally, my family has struggled significantly to pro-

vide me with a better life. We have moved for better opportunities, and I have seen the resilience of

families in similar situations. I am also a student at Harvard College so my story is a successful ex-

ample of achieving upward mobility. Thus, I attempt to be sensitive yet objective in analyzing the

interviews. I also believe my positionality strengthens my ability to recognize themes and ensure
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that low-income families are accurately represented in this research. We used Braun and Clarke’s

six-phase framework: (1) data familiarity, (2) initial coding, (3) identifying themes, (4) reviewing

the identified themes, (5) defining and naming themes, and (6) writing up. Before starting the first

phase we transcribed all of the interviews using an online transcription tool and manually reviewed

them to ensure they were accurate. We also removed filler words like “um” and “uh” to improve the

readability.

To become familiar with the data, we started by reading each transcript several times to develop

a deep understanding of the data. Since we removed all of the filler words, we considered all of the

text to be meaningful speech segments. We turned each segment into individual quotes, resulting

in approximately 700 quotes across all interviews. We did this manually using MIRO25, which is

an online collaborative whiteboard. We placed each quote on a digital sticky note and color-coated

them based on which interview the quote belonged to. Note that the written need-finding inter-

views had substantially more text than the verbal interviews.

Next, we completed the initial coding to identify key ideas in the data. We used an open cod-

ing approach by assigning each quote a descriptive label or “code” that essentially summarized or

abstracted the content of the quote. We created the codes using both an inductive and deductive

method, where some codes came from the data itself, and others were created during the first phase.

This was to ensure organization and application to the research goals throughout the thematic analy-

sis. After completing this step, we created 30 codes.

During the theme development phase, we grouped three related codes together into general cate-

gories to create a “Theme.” We developed the themes to further summarize and abstract the content
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of the codes while keeping in mind the study’s goal of creating a tool that supports low-income par-

ents. We created a total of 10 themes for a well-organized thematic hierarchy and to make it easier to

translate the qualitative insights into features for the prototype of the tool.

Following theme development, we reviewed the 10 themes against the entire dataset of quotes.

We carefully reviewed each theme to make sure it accurately captured a specific part of a partic-

ipant’s experience and decision-making process. We also refined any redundant or ambiguous

themes.

After reviewing the themes, we defined and named them to enhance clarity and ensure they di-

rectly applied to the research objectives. We gave each theme a concise but descriptive name based

on the participants’ narratives. These names are also selected to provide consistency across the the-

matic framework.

In the final phase, we compiled a structured report containing the participant quotes, emerging

codes, and final theme descriptions. This report is presented in the results section, discussing the 30

codes with example quotes, each of the 10 themes with the 3 associated codes, and the rationale for

the groupings.

2.3 Phase 3: Prototype Development

After developing the 10 themes, we designed 10 corresponding website features to address or repre-

sent the theme. We also considered the 3 individual codes that informed each theme when designing

the features. We then put the website features together to create a functional prototype. By ensuring
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that the 10 themes directly inform a corresponding feature that is implemented in the tool, we effec-

tively connect user needs to practical solutions. For example, one theme was language barriers, so we

developed translation services in the tool. We did this mapping process iteratively so that each fea-

ture addressed a real user need. This approach ensures that the prototype is based on data, research,

and user experience to address the needs of low-income parents.

We built the prototype, a website named OpportunityViz, using practical software engineering

methods and modern web technologies. The prototype’s success criteria focused on how well the

design met the identified user needs, rather than technical functionality alone. We aimed to create a

tool that addressed the specific challenges and requirements expressed by low-income parents during

the need-finding phase. The application runs on Next.js, a React-based framework chosen because

it simplifies web development. Next.js provides server-side rendering and file-based routing with-

out needing extensive configuration. We also use Vercel to deploy and host the website because it

can be automatically connected to Next.js. We created the prototype using React, TypeScript, Tail-

wind CSS, and next-intl. We implemented a component-based architecture, modular file organiza-

tion, and responsive design to ensure the website software was constructed well. Note that we went

through multiple iterations of the prototype due to trial and experience when building the website.

For the frontend development, we used React for the component-based architecture. We styled

the website using Tailwind CSS, which made it easy to maintain a clean and consistent design

throughout the website. We separated each feature into .TSX files, which were all called on a cen-

tral page.TSX file for navigation and rendering management. This also helped us create consistent

prop interfaces, proper state management, and modular components, which we can reuse through-
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out the website. We will present the details of the features and components we implemented in the

results section in Chapter 3.

For the data visualization, we used the Mapbox API to create an interactive choropleth map that

shows opportunity scores across different census tracts in the United States. To create the map,

first, we took 50 geojson files of the 2010 census tracts, which were all separated by state, and put

them together in QGIS, an open-source geographic information system software. Then, we down-

loaded data from the Opportunity Atlas and joined the data with the census tracts in QGIS. Now,

every tract is associated with a particular “household_income_at_age_35” value. This represents

the opportunity score. We used data for low-income parents of all races and genders. It would have

been better to download data for each race and gender, but we used the primary data set shown on

the Opportunity Atlas because of time constraints when creating the prototype. Afterward, we ex-

ported the census tracts in QGIS as one geojson file and placed it in Mapbox as a tile set. Using the

tile set ID, we successfully created an interactive map visualization on the website. We also displayed

neighborhood metrics and trends using D3.JS and chart.JS to provide scrolly-telling animation and

effects. This makes the data informative, engaging, and easy to explore.

For the backend development, we used the OpenAI API (GPT-4) OpenAI 27 , which provided

AI-generated content based on what the user input. We authenticated the API Key and appropri-

ately used it within the software. Furthermore, we used prompt engineering techniques to ensure

we received reliable information. This includes structuring the API calls with effective messages and

proper context, experimenting with temperature settings, providing clear formatting instructions to

the prompts, iteratively refining, and monitoring the token usage. Specific features involved person-
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alized recommendations, which required the natural language processing of user input to generate

somewhat accurate content effectively. Throughout the prototype, the API endpoints generated

personalized suggestions and dynamically adjusted them based on the user input.

Throughout the development of the prototype, we used a Git-based continuous integration and

continuous deployment (CI/CD) workflow where any updates were pushed to the main branch

and automatically triggered new build and deployment. This allowed for the latest changes to be

efficiently reflected in the application while minimizing downtime. In the end, we had a functional

interactive Web application that successfully processed user data, provided interactive socioeco-

nomic visualizations, and generated personalized insights. Although some components were not

fully functional during this research phase, most of the features’ design was implemented. Thus, the

next step is to test if it is a practical tool to help low-income parents make informed decisions about

their children’s future.

2.4 Phase 4: Co-Designing Sessions

After creating the prototype, we conducted co-designing sessions with the parent-child pairs to

see if the tool met the needs of its intended users. Co-designing is a participatory design approach

that involves the users and the development process. We encouraged parents to co-create the tool

to incorporate their lived experiences, preferences, and challenges to ensure the tool is effective in

helping them. We conducted each session on Zoom, with each session being approximately one

hour. Note that one parent-child pair couldn’t participate due to scheduling conflicts. We struc-
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tured the sessions into three phases: (1) evaluating current search methods, (2) exploring the proto-

type, and (3) collaboratively refining the features. We also reminded the participants of the study’s

background and the purpose of the co-designing session. We recorded all of these sessions with par-

ticipant consent.

During the first phase, we asked the parents to show how they typically find information about

better neighborhoods, schools, housing, or community programs for their kids. Since the goal of

our study is to develop an online tool to help parents, we encouraged them to use online resources

to complete the task. We also asked the parents to show their process by having them use Google

websites or other online resources they would usually use. Such websites included Zillow, Niche,

and Facebook. This provided insights into their current decision-making processes and their com-

mon challenges with existing online tools. We observed and documented their search process, in-

cluding the search terms they used, the websites they visited, the frustrations they faced, and their in-

terpretation of complex information. After the parents finished their search, we asked them follow-

up questions like: “How confident do you feel about the information you found?” “What was miss-

ing or hard to understand?” “How would you decide what to do next based on this information?”

In general, this phase was incredibly helpful in understanding the barriers parents experience when

looking for reliable socioeconomic mobility help online. Although it would have been ideal to also

ask the parents to use the Opportunity Atlas, the New York Times article, and the Urban Institute

Dashboard, all discussed in the background and literature review section, many of the parents had

difficulty completing this task so we thought it was best to skip this part. We also wanted to respect

the parent’s time, so we moved on to the next phase.
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For the second phase, we introduced the OpportunityViz prototype to the parents. Given that

the tool was not fully functional and parents had significant difficulty searching online resources in

the first phase, we guided the users through each feature on the website. We also observed their reac-

tions by noting which features were the most engaging, what they struggled with, the questions they

asked, and how they interpreted the visualizations. We also encouraged the parents to compare the

tool to their existing search methods and provide feedback. After guiding them through the website,

we asked the parents comparative questions like: “How does this compare to your current method?”

“Is this information easier to understand?” “Would you trust this tool? Why or why not?”, “Would

this help you make better decisions for your family?”. This phase provided valuable information

about which features were helpful for parents and which aspects of the tool required further refine-

ment.

During the collaborative feature design phase, we facilitated a process where the parents provided

feedback on each feature on the website while discussing alternative design choices. We encouraged

the users to discuss possible improvements and preferences for how each feature should be designed.

For example, we asked the parents questions like: “Does a map view of the neighborhoods seem

more helpful, or would a list view be better?” We also asked the parents to prioritize features and

identify the most valuable components. They responded to questions like: “Of all these features,

which would be most helpful?” “What would you use? What would you probably ignore?” “What

features would make this worth using regularly?” Their input ensured that the final generation of

the tool was based on actual user needs rather than research assumptions.

At the end of each co-design session, we summarized the parents’ key insights to ensure their
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feedback was correctly understood. We also validated the parents’ input to emphasize their role in

shaping the tool. We also asked participants if they had any additional feature requests, final com-

ments, or concerns. We explained the next steps and the development process and described how

their feedback would be used. The qualitative data collected from these co-design sessions were

analyzed to find key insights into usability challenges, valued features, necessary refinements, and

decision-making priorities. By directly incorporating the perspectives of low-income families, this

approach ensures the final tool will be accessible, informative, and empowering to ultimately serve as

a meaningful resource for improving socio-economic mobility.

2.5 Phase 5: Prototype Enhancement

Following the co-design sessions, we enhanced the initial prototype based on the user feedback. We

identified the strengths and weaknesses of the current features and potential refinements to improve

the tool. By continuously integrating insights from parents, the prototype evolved to better align

with the needs of low-income families.

To begin the enhancement process, we transcribed all the co-design session recordings using an

online tool and removed filler words to improve readability. We carefully reviewed these transcripts

to find where the parents struggled in the general online search phase. We also categorized the pro-

totype feedback into strengths and weaknesses of the tool. We assigned each comment to the 10

features, and the remaining comments were considered general feedback. The components identi-

fied as strengths were generally kept the same while we refined the features based on the weaknesses.
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Ideally, we would have conducted a thorough thematic analysis documented in section 2.3 on the

co-design transcripts. But, due to time constraints, we focused on general strengths and weaknesses

that were noted. This process allowed for a structured analysis of user concerns and preferences.

After identifying the strengths and weaknesses of the current design of the prototype, we partic-

ularly noted the recurring weakness. These concerns were related to usability challenges, confusion

about specific features, and areas where additional information was requested. We used a structured

ranking system to prioritize feature enhancements. We evaluated each suggested improvement based

on three criteria: (1) how often the participants mentioned the weakness, (2) the impact on the over-

all usability and effectiveness of the tool, and (3) the feasibility of implementation within the project

scope. We first implemented High-priority changes to ensure the refinements addressed the core

needs of the participants instead of prioritizing isolated concerns. For example, if multiple parents

struggled to interpret a particular visualization, we improved it by adding more intuitive labels, tool

tips, and guided explanations. We scheduled low-priority suggestions for potential future iterations

depending on development constraints.

At the end of the prototype enhancement phase, the tool became a more user-centered practical

resource. By continuously analyzing feedback, prioritizing improvements, and refining features,

OpportunityViz became a functional and meaningful application to support low-income families.
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2.6 Phase 6: Usability Testing

After enhancing the prototype, we conducted final usability tests to determine if the tool met the

needs of the target users. This phase checks if the website design successfully addresses the concerns

and challenges identified during the preliminary need-finding interviews. We provided background

information on the study and the plan for this usability testing session. We conducted the sessions

over Zoom, with each of them lasting approximately an hour.

To begin the testing, we asked the participants to use the website on their own. Many parents

evaluated the website with their children helping them, which is realistic as children tend to help

their parents navigate online resources. This was also helpful because, in the codesign session, we

found that parents could not use the Internet on their own. Each parent-child pair went through

every feature. We carefully observed their interactions to evaluate how easy and effective the website

was to use.

After the parent-child pairs experienced the website, we wanted to systematically assess the effec-

tiveness of each feature in addressing the themes found in the need-finding interviews. We asked

participants to rate how well the website in general addressed the theme on a scale from one to 10

and why they gave it that rating. A rating of 1 means that the feature did not address the theme at

all, while a rating of 10 means that it addressed the theme perfectly. We first asked the users to rate

the overall website to see if any other elements might address the theme beyond the specific feature

we designed for that purpose. This is because, in the final prototype, many features overlapped and

integrated with each other. Then, we asked them to rate the particular feature intended to address
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the theme directly.

After rating each feature, we asked the participants to provide additional qualitative feedback by

evaluating their user experience, areas of confusion, and potential refinements. We encouraged them

to reflect on which features were the most and least helpful or possible missing features that would

have been nice to include. We also asked them how easy it was to navigate the website in general and

if they had any additional comments or suggestions. This feedback provided important context for

the numerical ratings. We will discuss the findings from this phase and the results section.
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3
Results

This results chapter presents a comprehensive analysis of the OpportunityViz prototype develop-

ment through six phases: need-finding interviews with first-generation, low-income parent-child

pairs; thematic analysis that identified ten key themes from 30 initial codes; prototype development

where each feature addressed a specific theme; co-designing sessions to refine the tool with partici-

pant feedback; prototype enhancement based on user suggestions; and usability testing to evaluate
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effectiveness. The findings reveal that immigrant families face significant challenges navigating ed-

ucational systems, with barriers including language difficulties, limited institutional knowledge,

information fragmentation, financial constraints, and cultural considerations. The enhanced pro-

totype successfully addressed these challenges through features like personalized assessment tools,

opportunity mapping, neighborhood comparisons, demographic breakdowns, housing options,

multilingual support, and actionable to-do lists. Usability testing confirmed the tool’s effectiveness

with consistently high ratings across all themes (averaging 8.0-8.7 out of 10), with participants par-

ticularly valuing the personalized guidance, demographic information, and consolidated resources

that helped transform complex institutional systems into accessible, actionable knowledge for fami-

lies seeking educational mobility.

3.1 Phase 1: Need Finding

As mentioned in the methods, the need-finding phase consisted of interviews with six first-generation,

low-income (FGLI) parent-child pairs. The parents of these students all immigrated to the United

States. They come from diverse backgrounds, including Chinese, Hispanic, Ethiopian, Indian, and

Bangladeshi. The families also live in different regions across the United States. Furthermore, many

of the families relocated within the United States due to education, safety, cultural connections, and

financial stability. Note that the rest of the need-finding results are organized based on the structure

and the questions we asked during the interviews.
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3.1.1 Family Background

Family and Living Situations

The participants had different family structures and living arrangements. Some lived in single-parent

households, as a student from Interview 3 shared: “We live in a single parent household made up

of myMom, younger brother, and I. I also have an older brother who is in his last year of medical

school at University.” A student from Interview 1 described their living arrangement: “My

family lives in Pennsylvania. I want to add that we own a Chinese restaurant in our town called

, a very rural town.”

Housing situations varied from rental apartments to owned homes. A student from Interview 2

described: “We live in a house. It’s a three-floor house, but we rent it out... .” A student from Inter-

view 4 noted: “I’m living with my son. I have two kids—a son and a daughter. I live with my wife...

Both of us (kids) are not living at home at the moment, and we live in a house.”

The interviewees also lived across many regions in the United States, with a student from Inter-

view 2 mentioning: “We live in Trenton, New Jersey. It’s not really the best city in New Jersey.” A

student from Interview 6 explained: “Well, so there’s four of us: my mom, my dad, me, and my little

sister who’s in eighth grade... We live in the suburbs of Dallas... So, we live in a city called Irving, in

Texas.”
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Perceptions of Educational Success

Educational success was consistently seen as a way to promote intergenerational progress and im-

prove their quality of life. A parent from Interview 1 shared: “... Educational success for him is to

see his children—future generations—be able to have a better time off in their futures, grasping ed-

ucation, improving, getting better at learning, and being able to contribute to society.” A student

from Interview 2 explained: “To me, I think a successful education means something very similar to

what she said—being able to get out of this way of living and improving my quality of life. But also,

improving my family’s quality of life.”

Many families connected education to broader impacts beyond their individual achievement. A

student from Interview 3 noted: “Educational success means having the ability to access education,

ideally in a school or college with good resources, motivated peers, and good teachers. Most impor-

tantly, it means applying the theory and knowledge gained from school to the real world.” A parent

from Interview 4 emphasized: “It’s very important to always put your academics first because educa-

tion is the only way to access opportunities... As people say, ’Knowledge is power.’”

Cultural and religious values also shaped educational priorities. A parent from Interview 6 noted:

“We concentrate on both, not only this education but also religious education... I’m from Kerala.

Kerala is a state where the whole population is well-educated... We want education, education, edu-

cation. That mentality.”
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3.1.2 Experiences and Challenges

Support for Children’s Education

The parents used many strategies to help their children pursue education and future goals. A parent

from Interview 1 described their approach: “For him and my mom, in order to support my brother

and me in obtaining the best education possible, he wants to make sure that we don’t have to worry

financially about the education we can receive in the future.” A student from Interview 2 explained

how their mother supported them: “For context, these schools have been public schools for the

most part, at least for me and my oldest sister. She’s been willing to move and pay different rent

prices to get closer and have a better chance of getting us into those schools.”

Many parents provided motivational support and guidance. A parent from Interview 3 shared: “I

sometimes feel bad reflecting on my children’s upbringing because I feel like I haven’t done much to

support them... My support came in a different way—it was about motivating them to dream big.”

A student from Interview 4 explained: “My dad would always remind me, ’Keep your goal in mind.

Stay focused. Don’t let distractions pull you away.’ He encouraged me to have fun and enjoy life,

but to always keep my biggest goals at the forefront.”

Some parents actively researched educational opportunities despite facing language barriers and

unfamiliarity with the U.S. system. A parent from Interview 6 shared: “I studied the path where I

grew up, but since my daughter is studying in the USA, I didn’t knowmuch about the education

system here. So I read through the syllabus and everything... I Googled everything.”
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Helpful Resources and Programs

Participants also found many important resources that supported their educational journeys. A stu-

dent from Interview 1 shared: “I pretty much Googled my way through the application process...

I’m grateful that I was able to learn from the resources I could access through the Internet.” A par-

ent from Interview 2 explained: “It was mostly word-of-mouth through friends and acquaintances.

Once she heard that there was a better school somewhere in another part of the city, she would go

out and try to find better rent prices by herself.”

Community and family networks were also important. A parent from Interview 3 mentioned:

“I would tell families that there are a lot of free resources they can use to support their children—

the hard part, of course, is finding them. I would encourage them to speak with their school coun-

selor or other parents to find those resources.” A student from Interview 4 noted: “I also did Quest-

Bridge, which was really helpful. And my brother too—he was much more experienced, so he could

guide me even more.”

Many participants used proactive methods and digital resources. A student from Interview 5

explained: “As the child in this case, I’ve supported myself by always being proactive. I made an ef-

fort to connect with high-level staff members at my schools and showed them how determined I

was.” A parent from Interview 6 specifically highlighted: “Okay, the best one—starting in elemen-

tary school, I told her to use Khan Academy. She loved Khan Academy. I love that platform. The

teaching on Khan Academy is excellent.”
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Challenges Faced

Families faced many barriers when pursuing their educational opportunities. A student from In-

terview 1 described: “Navigating the college application process was difficult because, first of all,

my parents had never gone through it... When it came to applying to competitive schools—reach

schools like the Ivy League—there wasn’t much guidance.” A parent from Interview 2 explained:

“Financially, she hasn’t been able to help us a lot because, like I said, she’s been living paycheck to

paycheck pretty much our whole lives.”

Safety and stability concerns impacted many families. A parent from Interview 3 shared: “I grew

up in the Tigray region of Ethiopia, living through Ethiopia’s harsh dictatorship and a long war

with Eritrea, which borders Tigray. Much was unstable and uncertain—people were dying, schools

were being shut down, and life was unpredictable.” A student from Interview 1 noted: “Unfortu-

nately, it was in a neighborhood that was relatively unsafe.”

Educational resource variations and being unfamiliar with U.S. systems created more challenges.

A student from Interview 5 explained: “One of the biggest challenges has been the lack of direct

access to information or resources tailored to my community. Many opportunities weren’t easily

visible, and I had to dig deep to find them.” A parent from Interview 6 described: “Even I was con-

fused about what GPAmeant. I had to go through everything myself to understand it... Because

this is American English. In our countries, we follow British English—it’s totally different. There

are a lot of differences. We don’t knowmany of the words.”
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3.1.3 Decision-Making AboutWhere to Live

Important Factors in Housing Decisions

Families prioritized many factors when choosing where to live. A student from Interview 1 ex-

plained: “My parents knew that my brother and I were about to come to the U.S. soon, and they

wanted to offer us the best environment to learn—without worrying about safety or other social

issues, because it was also one of the poorer regions in Virginia.” A parent from Interview 2 em-

phasized: “Another major reason was security. We needed to find places that were safe. For some

context, Trenton—the city we’ve lived in our whole lives—is not known for being a safe place.”

Educational and job opportunities also influenced location decisions. A parent from Interview

3 shared: “My children were the single most important factor when choosing where to live. Back

then, we thought of America as the solution to all of our problems. I wanted my children to get a

good education and career that would set them up for success.” A student from Interview 4 noted:

“The thing is, we chose a place near Manhattan because of job opportunities. It was easy to travel to

Manhattan for work. That was the main reason we settled here.”

Cultural and community considerations were also important. A parent from Interview 5 ex-

plained: “Proximity to family. It’s important for children to grow up around relatives and cousins

for a sense of belonging. A good school district was a close second.” A student from Interview 6

shared: “Cultural. Islamic. First, Islamic. Then, education... There are many masjids here. There are

a lot of Islamic speakers here. That’s why we love this area. We settled here.”
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Moving for Better Opportunities

Many families had relocated to access better educational or economic opportunities. A student from

Interview 1 described: “We moved to Pennsylvania because it gave us the opportunity to be together

as a family... We were able to open a restaurant in Pennsylvania, and that way, every day after school,

I got to come home, see my dad, and together as a family, we could work in our restaurant.” A par-

ent from Interview 2 explained: “We’ve moved around a lot in the past fifteen years—just within the

city itself—to be closer to the best schools she heard were good.”

Financial constraints and family stability influenced mobility decisions. A parent from Interview

3 noted: “Having a job is very important too—you cannot simply uproot without having a means

to fund your new life.” A student from Interview 4 shared: “What I mentioned earlier was that we

moved from an apartment to a house. Had we stayed in the apartment, we likely would have moved

to another town. But when my parents bought the house, it was much more affordable at the time.”

Some families made an intentional decisions to not move. A parent from Interview 6 stated: “We

didn’t need to move because the school accepted students from anywhere, regardless of ZIP code...

We are not ready to move. But our concern—only God knows the best. For now, we are not ready

to move.”

Helpful Information for Decision-Making

The participants information that would help themmake location decisions. A student from In-

terview 1 suggested: “For example, if you’re part of a Chinese community, where do most Chinese
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immigrants tend to settle? That way, families can be surrounded by people from their culture while

gradually integrating into American life.” A parent from Interview 2 wanted to know: “She would

love to have information on where the best houses are, where the best schools are, and if there’s any

assistance available to make these decisions easier for her.”

Information about housing and financial resources was frequently mentioned. A parent from

Interview 3 specified: “How to access affordable housing through programs like Section 8... Scholar-

ships, training, or English courses that might be offered at local community colleges or community

centers.” A student from Interview 4 shared: “I’m sure information about loans would have helped.

Having people to guide you on things like credit cards, interest rates, and home loans would have

made a difference.”

School quality and neighborhood data were also wanted. A parent from Interview 5 asked:

“How are the schools ranked? What are the graduation rates and college acceptance rates in the

area? How do schools progress from elementary to high school in terms of quality?” A student from

Interview 3 stated: “I would use it to learn more about different schools, the rigor of the schools,

the unique opportunities it offers (special programs), etc... I would use it to learn about safety of a

neighborhood, amenities like playgrounds, community pools, recreational facilities, etc.”
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3.1.4 Tool Design and Feedback

Potential Uses andDesired Information

Participants would use an educational mobility tool for multiple purposes. A student from Inter-

view 1 explained: “If we could create an online version of this—a model where students and parents

could access this hub of information—it would make life much easier for immigrant families. It

would mean they wouldn’t have to move to big cities just to access resources.” A parent from In-

terview 2 shared: “She said that she would love to have something like that, and she would use it to

improve our lives—mine and my siblings’—for the most part.”

The tool could provide valuable information about educational pathways. A parent from In-

terview 3 suggested: “I would use it to learn more about different schools, the rigor of the schools,

the unique opportunities it offers (special programs), etc... I would use it to learn about safety of a

neighborhood, amenities like playgrounds, community pools, recreational facilities, etc.” A student

from Interview 4 recommended: “It would be helpful if there was a tool where you could input a

college name and see tuition costs, in-state vs. out-of-state tuition, whether they meet demonstrated

need, and what departments they’re most known for.”

Parents also wanted comprehensive and accessible information. A student from Interview 5 ex-

plained: “I’d use it to gather key details such as crime rates, neighborhood demographics, income

levels, and proximity to important locations like schools, police stations, and fire stations.” A parent

from Interview 6 emphasized: “The American education system only. It should have everything

people need to know about the U.S. education system... Each and every part of the education system

56



should be explained, step by step. That would be good for everyone.”

Concerns About Using Such a Tool

Some participants didn’t have many concerns about using an educational mobility tool. A parent

from Interview 3 shared: “I don’t really see how this tool could be a negative thing because it would

be like compiling resources and displaying them. I wouldn’t have any concerns.” A parent from

Interview 2 noted: “She said that she thinks it would be great for families to learn how to use tech-

nology. There are families who don’t know how to use a computer or tablet, how to access a website,

or how to navigate one if it’s too complicated.”

Other participants thought information quality and accessibility were concerns. A student from

Interview 5 cautioned: “My biggest concern would be the accuracy and reliability of the data. If the

data isn’t up-to-date or verified, it could mislead users. A tool like this is only as good as its sources,

so I’d still rely on my own research.” A student from Interview 4 explained: “I know websites exist

for this, but a lot of them just promote their own books rather than what’s actually good.” A parent

from Interview 6 suggested: “If the tool is accurate and correct, people will use it. No hesitation.”

Privacy and trust issues were also mentioned. A student from Interview 1 cautioned: “If the

website needs to collect any personal information, there could be caveats when putting in those

details. If you’re thinking about personalizing resources based on a user’s needs, some people might

be hesitant about the kind of information they would want to share.”
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3.1.5 Wrap-Up

Additional Helpful Information for Families

Participants suggested additional content that would benefit immigrant families. A student from In-

terview 1 explained: “...A lot of what my dad has mentioned covers other aspects beyond education—

like helping families settle down and integrate into American society... Because for a child to fully

experience education to the fullest extent, the parents need to have stability first.” A parent from

Interview 2 noted: “She said that it would be great for families to learn how to use technology.”

They also recommended guidance on education. A parent from Interview 3 suggested: “Make

sure their children are involved in extracurricular activities—both career-focused and more fun

ones... Encourage their children to take challenging courses... Encourage their children to read,

learn, and take initiative in their own lives.” A student from Interview 4 recommended: “SAT

education—how can you get study materials, books, and other resources? For SAT, they should

tell us what to do, how to do it. Practice courses, training classes—something like that would have

been helpful.”

Accessibility and myth-debunking information was also wanted. A student from Interview 5

shared: “It would be incredibly useful to have a more accessible way to learn about educational op-

portunities. For example, a tool or platform that could translate information into Bangla would

bridge the gap for families who aren’t fluent in English.” A parent from Interview 6 emphasized:

“Yes, and also debunking myths. Like, it’s not just about academics—there are other important parts

of education too... So debunking myths about financial aid is important too... This might be a bit of
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a random question, but what if the tool also included success stories? I think that would be inspir-

ing for people.”

These results from the need-finding interviews provided important insights into the experiences,

challenges, and needs of low-income families making decisions about socioeconomic mobility. They

were the foundation for the thematic analysis discussed in the next section.

3.2 Phase 2: Thematic Analysis

Note that this part of the results is the report that we created from Phase 6 of Braun and Clarke’s

thematic analysis framework. As a reminder, for the thematic analysis, first we identified 30 initial

codes that captured the key concepts from the interview data. We created these codes directly from

the data using an inductive and deductive process. We also applied the codes to approximately 700

quotes across all of the interviews. Each code is meant to represent a pattern and the participants’

experiences. The following is a list of the codes with an example of a quote that aligns with the code.

3.2.1 Initial 30 Codes

Education as Advancement: This code captures how education is a way to improve socioeconomic

status, career opportunities, or life quality. Example quote from Interview 2: “[Education is] being

able to use my knowledge, my liberal arts education, to understand society better, to understand

the way people think. Using that knowledge to provide—not just for my family, but for people in

general.”

Intergenerational Education Legacy: This code discussed educational patterns, expectations, or
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aspirations across generations within families. Example quote from Interview 6: “In my husband’s

family, one is a doctor, two of them are engineers, and everyone is a doctor, my in-law also. Every-

one has a master’s degree... We have, in my family and my husband’s family also, a well-educated

background.”

College Navigation Support: This code referenced information related to the college process.

Example quote from Interview 4:“I also did QuestBridge, which was really helpful. And my brother

too—he was much more experienced, so he could guide me even more.”

Cultural Education Values: This code shows how cultural background influences perceptions

of education. Example quote from Interview 6: “I’m from Kerala. Kerala is a state where the whole

population is well-educated. Even small kids know how to write. In India, it’s the first well-educated

state.”

Educational Support Networks: This code incorporates how school counselors, teachers, men-

tors, or programs provided educational guidance. Example quote from Interview 6: “And the coun-

selor. My momwould always say, starting in ninth grade, ’Go talk to your counselor. Go talk to

your counselor.’ So I took the initiative to talk to my counselor more often than most students.”

Educational Resource Variations: This code references differences in educational resources

across locations. Example quote from Interview 1: “It also wasn’t a particularly wealthy town, so

my school was underfunded. Because of that, there weren’t many extracurricular activities or after-

school tutoring sessions available.”

Immigrant Identity Navigation: This code represented experiences related to adapting to a new

country, forming identity, or keeping cultural connections. Example quote from Interview 3: “I had
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to give all of this up when I moved to the United States and start over. The process of moving itself

was costly—from flight tickets to passport costs.”

US System Navigation Knowledge: This code captured how parents understand or access US

institutions or systems. Example quote from from Interview 1: “So growing up, my parents and I

have worked together to really navigate the U.S. system, especially when it comes to visiting doctors,

healthcare, education, and parent-teacher conferences.”

US System Unfamiliarity: This code identified times where participants had limited under-

standing of how US systems work. Example quote from Interview 6: “A lot of people come from

other countries to the U.S. They don’t know even a single thing about the system. They have to

start from the very beginning.”

Language Barrier Management: This code references language challenges. Example quote from

Interview 1: “It took me about three years to learn English to a level where I could fluently converse

with other kids and have no problem going to school.”

Communication Difficulties: This code captured the challenges in expressing needs, under-

standing information, or communicating. Example quote from Interview 6: “Even small, small

words—they call me, they send me messages asking, ’What is this? What does this mean?”’

Information Access Barriers: This code identified challenges in finding relevant personalized

information. Example quote from Interview 5: “One of the biggest challenges has been the lack of

direct access to information or resources tailored to my community. Many opportunities weren’t

easily visible, and I had to dig deep to find them.”

Digital Resource Utilization: This code represented the use of digital resources. Example quote
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from Interview 4: “I got all my study resources from Reddit, but I don’t think a lot of kids know

that.”

Resource-Seeking Behavior: This code captured how students and parents proactively find,

create, or use available resources. Example quote from Interview 1: “At the end of the day, you are

the captain of your own ship. Even if your environment doesn’t provide you with everything on a

silver plate, you have to learn to reach out and search for those resources.”

Centralized Resource Need: This code identified the need for consolidated information sources

fitting individual circumstances. Example quote from Interview 1: “But if there had been a website

where all of that information was centralized, I could have accessed an entire library of resources in

one place. That would have made my life a lot easier.”

Information Quality Concerns: This code represented the need for accurate, reliable, or accessi-

ble information. Example quote from Interview 5: “My biggest concern would be the accuracy and

reliability of the data. If the data isn’t up-to-date or verified, it could mislead users. A tool like this is

only as good as its sources, so I’d still rely on my own research.”

Community and Family Support Networks: This code is about finding help through commu-

nity or family connections. Example quote from Interview 1: “Being in New York allows them to be

part of a community... For my parents, when they came to the U.S., starting off in New York meant

being surrounded by a lot of relatives who had come before them, as well as friends.”

Resilience Development: This code identified how the parent-child pairs overcome obstacles.

Example quote from Interview 4: “If you want to do something—if you’re determined—you can

find a path to get there, even if it’s harder because of XYZ circumstances. It might not always be the
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path you envisioned, but there is always a way.”

Opportunity-Based Relocation: This code represented how families move to new locations

to access better educational or economic opportunities. Example quote from Interview 2: “We’ve

moved around a lot in the past fifteen years—just within the city itself—to be closer to the best

schools she heard were good.”

Safety-Driven Decisions: This code captured how parents make choices based on safety con-

cerns. Example quote from Interview 2: “Another major reason was security. We needed to find

places that were safe. For some context, Trenton—the city we’ve lived in our whole lives—is not

known for being a safe place.”

Transportation Considerations: This code identified transportation as a factor in decision-

making. Example quote from Interview 4: “My work shifts change—sometimes morning, some-

times night—so I couldn’t always drop them off and pick them up. Here, the school bus system

made commuting easy, so that helped us decide to stay.”

Cultural-Religious Location Priorities: This code represented choosing locations based on

cultural or religious factors. Example quote from Interview 6: “Cultural. Islamic. First, Islamic.

Then, education... There are many masjids here. There are a lot of Islamic speakers here. That’s why

we love this area. We settled here.”

Housing Stability Concerns: This code captured housing stability issues. Example quote from

Interview 2: “At our last house, before moving to the one we currently live in, we were kicked out

because the owner decided to sell the house. He wasn’t giving us the option to stay, so everyone had

to leave.”
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Strategic Family Planning: This code identified decision making for family improvement or

stability. Example quote from Interview 1: “For a long time, during the period I was in New York,

my parents were already planning ahead—looking at all the different options of where we could go

next as a family to start our restaurant life.”

Financial Constraints & Myths: This code represented money-related challenges or misconcep-

tions about costs. Example quote from Interview 2: “Alright. To be completely honest and transpar-

ent, in terms of finances—mymom has mentioned that prices are rising while wages are staying the

same, at least for her. So, it’s been difficult to persevere in this kind of environment.”

Financial Strategy Knowledge: This code captured how parents understand financial systems

or make financial decisions. Example quote from Interview 1: “If you live in an apartment, you’re

just paying rent—you’re not investing in anything. But when you buy a house, you’re investing in

something of your own.”

Misconception Barriers: This code identified misunderstandings that limit opportunity. Ex-

ample quote from Interview 6: “A lot of families only focus on studying, studying, studying. But

in the American education system, it’s not just about studies. You have to focus on extracurricular

activities, competitions, sports, volunteering, and leadership.”

Motivational Narrative: This code represented stories, encouragement, or inspirational content

as motivation. Example quote from Interview 1: “Them telling me stories about their childhood,

their hardships—I think that’s really inspired me. It makes me realize how lucky I am to be here in

the U.S., to have the opportunities that my parents didn’t have.”

Upward Mobility Motivation: This code captured the want for upward mobility, improvement,
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or better circumstances. Example quote from Interview 3: “Later down the road, I hope to uplift

entire communities back home in Tigray, Ethiopia—whether that means working to provide better

access to education or healthcare.”

Parental Investment: This code identified parental sacrifice or commitment to children’s future.

Example quote from Interview 3: “My children were the single most important factor when choos-

ing where to live. Back then, we thought of America as the solution to all of our problems. I wanted

my children to get a good education and career that would set them up for success.”

3.2.2 Theme Development

After developing the initial 30 codes, we grouped them into 10 themes based on their conceptual

relationship and relevance to the research objectives. Each theme came from grouping three related

codes together to represent a part of the participants’ experiences.

Theme 1: Value of Education

We grouped the codes Education as Advancement, Intergenerational Education Legacy, and Col-

lege Navigation Support because they show how participants valued education to transform their

lives. “Education as Advancement” shows how important education is in improving circumstances.

“Intergenerational Education Legacy” highlighted how educational values were passed between gen-

erations. “College Navigation Support” represented how students turned educational aspirations

into concrete higher education opportunities. Together, these codes formed the theme to show the

importance of education in the participants’ lives.
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Theme 2: Need for PersonalizedHelp

We grouped the codes Information Access Barriers, Immigrant Identity Navigation, and Centralized

Resource Need because they all related to the challenges immigrant families faced when accessing

personalized information and support. “Information Access Barriers” shows the difficulties families

experience trying to find resources that meet their needs. “Immigrant Identity Navigation” repre-

sented the circumstances of immigrant families. “Centralized Resource Need” shows the desire for

consolidated resources. Together, these codes created a theme of personalized help that addresses the

needs of immigrant families.

Theme 3: Lack of US Institutional Knowledge

We grouped the codes US SystemNavigation Knowledge, Educational Resource Variations, and US

System Unfamiliarity together because they all related to challenges in understanding educational

institutions. “US SystemNavigation Knowledge” shows the specific knowledge needed to use US

systems effectively. “Educational Resource Variations” showed the differences in educational op-

portunities across locations. “US System Unfamiliarity” represented the general lack of familiarity

immigrant families had with US Systems. Together, these codes created a theme about the knowl-

edge gaps that immigrant families experience.
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Theme 4: Proactive Opportunity Seeking Locally

We grouped the codes Digital Resource Utilization, Resource-Seeking Behavior, and Educational

Support Networks together because they all represented strategies that families used to find and

create educational opportunities locally. “Digital Resource Utilization” shows how families use

online tools to find opportunities. “Resource-Seeking Behavior” reflected the families’ proactive ap-

proaches to finding and creating available resources. “Educational Support Networks” represented

how families used relationships with teachers, counselors, and other educational professionals to

access opportunities. Together, these codes formed a theme about the agency and initiative families

demonstrated in maximizing local educational opportunities despite significant limitations.

Theme 5: Moving for Opportunity

We grouped the codes Opportunity-Based Relocation, Safety-Driven Decisions, and Transporta-

tion Considerations because they all related to families deciding to relocate for better opportunities.

“Opportunity-Based Relocation” captured families’ explicit moves to access improved educational

or economic opportunities. “Safety-Driven Decisions” reflected how safety concerns often moti-

vated relocation decisions. “Transportation Considerations” represented how commuting shaped

where families chose to live. Together, these codes formed a theme about the complex decision-

making process that families had when considering where to relocate for improved opportunities.
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Theme 6: Cultural and Community Importance

We group together the codes Cultural-Religious Location Priorities, Cultural Education Values, and

Community and Family Support Networks because they show how cultural and community con-

nections influence the families’ educational decision-making. “Cultural-Religious Location Priori-

ties” captured how cultural and religious factors influenced where families chose to live. “Cultural

Education Values” reflected how cultural background shaped the families’ educational priorities.

“Community and Family Support Networks” represented the necessary support systems that fam-

ilies relied upon within their communities. Together, these codes formed a theme about cultural

identity and community connections shaping educational journeys.

Theme 7: Financial Constraints

We grouped the codes Financial Constraints &Myths, Financial Strategy Knowledge, and Housing

Stability Concerns because they all related to families’ financial challenges. “Financial Constraints &

Myths” showed the monetary limitations and misconceptions that families experienced. “Financial

Strategy Knowledge” reflected the skills needed to navigate financial systems effectively. “Housing

Stability Concerns” represented housing affordability issues. Together, these codes formed a theme

about how financial factors influence access to opportunities.
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Theme 8: Resilience and Perseverance

We grouped the codes Resilience Development, Misconception Barriers, and Strategic Family Plan-

ning because they all relate to families’ resilience, adaptability, and strategic thinking in navigating

educational pathways. “Resilience Development” showed how families persisted to overcome ob-

stacles. “Misconception Barriers” reflected the misunderstandings families had to recognize and

overcome. “Strategic Family Planning” represents families’ intended approaches to creating long-

term opportunities. Together, these codes created a theme about the determination and strategic

methods families had in pursuing socioeconomic mobility despite substantial challenges.

Theme 9: Language Barriers

We grouped the codes Language Barrier Management, Communication Difficulties, and Informa-

tion Quality Concerns because they all relate to the language and communication challenges that

immigrant families experience. “Language Barrier Management” captured families’ strategies to

navigate language differences. “Communication Difficulties” reflected the broader challenges in

expressing needs, understanding information, or communicating effectively. “Information Qual-

ity Concerns” represented the need for accessible and understandable information. Together, these

codes formed a theme about the impact of language barriers on families.
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Theme 10: Motivational Storytelling

We grouped the codes Motivational Narrative, UpwardMobility Motivation, and Parental Invest-

ment because they represent the motivational stories, aspirations, and parental commitment families

have for their kids. “Motivational Narrative” captured the inspirational stories and encouragement

that motivated the students to achieve. “UpwardMobility Motivation” reflected the desire for im-

proved socioeconomic circumstances. “Parental Investment” represents parents’ sacrifices and com-

mitments to support children. Together, these codes formed a theme about the powerful narratives

and motivations that continued to inspire the children to achieve their educational pursuits and

dreams.

3.2.3 Summary of Thematic Analysis

The ten themes—Value of Education, Need for Personalized Help, Lack of US Institutional Knowl-

edge, Proactive Opportunity Seeking Locally, Moving for Opportunity, Cultural and Community

Importance, Financial Constraints, Resilience and Perseverance, Language Barriers, andMotiva-

tional Storytelling—represent the complex experiences of immigrant families in achieving upward

socioeconomic mobility. We used these themes to directly inform the development of the Oppor-

tunityViz prototype features to create a tool that addresses their needs. The mapping of themes to

features will be discussed in detail in the next section.
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3.3 Phase 3: Prototype Development

We created OpportunityViz, a web-based tool designed to help low-income parents make informed

decisions about their children’s socioeconomic mobility. This application takes complex mobility

data and turns it into accessible visualizations and personalized recommendations that address the

specific needs identified in the thematic analysis. It is meant to be an intuitive user experience, even

for users lacking technology skills. Each of the ten features in OpportunityViz directly corresponds

to one of the ten themes from the thematic analysis. This way, we make sure that every aspect of

the tool addresses the specific needs expressed by families during the need-finding interviews. In

this section, we provide information about each feature’s implementation and how it addresses its

corresponding theme.

3.3.1 Theme 1: Value of Education→ Feature: Learn Section

The participants strongly valued education as a pathway to socioeconomic mobility, which is ev-

ident through three codes: “Education as Advancement,” “Intergenerational Education Legacy,”

and “College Navigation Support.” Thus, we created the “Learn About Opportunity” section,

shown in Figure 3.1, as the foundational component of OpportunityViz. It has a color-coded choro-

pleth map of the United States showing geographic variations in opportunity across commuting

zones. While the large map might feel overwhelming to some parents, we included it to test this as-

sumption. The map immediately communicates the spacial nature of mobility. Below the map, we

placed five cards, each including a key correlate of upward mobility (Segregation, Income Inequality,
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School Quality, Family Structure, and Social Capital). They are presented with concise descriptions

and expandable “LearnMore” options. The “How can we do better?” component provides a visual

roadmap of five sequential steps for families to achieve upward mobility generally: Live in Good

Areas, Good Education, Take Advantage of Opportunities, Graduate College, and Career Success.

This feature addresses the “Value of Education” theme by helping parents learn about concepts

of opportunity through visual representations, which directly supports the “Education as Advance-

ment” code. The explanations of mobility factors provide important knowledge about the Ameri-

can socioeconomic system that first-generation immigrant parents often lack, which supports the

“Intergenerational Education Legacy” code. The “How can we do better?” section provides prac-

tical milestones, including ways of setting up students to graduate college, addressing the “College

Navigation Support” code. By presenting information in an accessible format, this feature prevents

overwhelming parents while providing both the “why” and “how” of upward mobility.

3.3.2 Theme 2: Need for PersonalizedHelp→ Personalized Assessment Quiz

The families struggled with finding information relevant to their specific circumstances. This theme

came from three codes: “Information Access Barriers,” “Immigrant Identity Navigation,” and “Cen-

tralized Resource Need.” We created the “Personalization Quiz” feature, shown in Figure 3.2, to

customize OpportunityViz based on family-specific information. The quiz interface is divided into

two main sections: Parent Information (collecting Zip Code, Annual Household Income via drop-

down ranges, and optional Country of Origin) and Child Information (gathering Name, Gender,

Age, and Ethnicity for each child, with an “Add another child” option).
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Figure 3.1: Learn Section feature of the prototype interface.
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The Personalization Quiz directly addresses the “Need for Personalized Help” theme by cus-

tomizing the entire application experience to each family’s specific circumstances. By collecting

Zip Code information, the tool addresses the “Information Access Barriers” code through location-

specific guidance about neighborhood conditions, local schools, and community resources. Includ-

ing demographic information acknowledges the “Immigrant Identity Navigation” code because it

recognizes that mobility outcomes vary significantly by race and gender, so data can be presented

specific to each child’s demographic profile. By gathering comprehensive family information in a

single form, the quiz addresses the “Centralized Resource Need” code because it creates a founda-

tion for generating unified recommendations across all features. We also designed the quiz to be

sensitive to privacy concerns, as mentioned in the need-finding interviews. This feature serves as the

bridge between generic mobility information and family-specific guidance.

3.3.3 Theme 3: Lack of US Institutional Knowledge→OpportunityMap &Neigh-

borhood Assessment Panel

The participants struggled with understanding and navigating US institutions and systems. This

theme came from three codes: “US SystemNavigation Knowledge,” “Educational Resource Varia-

tions,” and “US System Unfamiliarity.” Thus, we developed the “Community Assessment Oppor-

tunity Map” with the associated “Neighborhood Assessment Panel” as shown in Figure 3.3. This

provides concrete local information about opportunity variations across different areas. We imple-

mented the Opportunity Map as an interactive, zoomable interface to display economic mobility

data at the census tract level. The map initially centers on the user’s location based on their zip code

74



Figure 3.2: Personalization Assessment Section feature of the prototype interface.
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from the Personalization Quiz. Parents can also explore the map using basic navigation controls.

Next to the map is the Neighborhood Assessment Panel which displays an “Opportunity Score” on

a scale of 10 (corresponding to the Opportunity Atlas “Household Income at Age 35” indicator).

The Neighborhood Assessment Panel also breaks down five institutional factors: Segregation, In-

come Inequality, School Quality, Family Structure, and Social Capital. Each factor has a rating with

explanations.

These features directly address the “Lack of US Institutional Knowledge” theme by transform-

ing abstract socioeconomic systems into visible metrics tied to specific locations. The map inter-

face addresses the “US SystemNavigation Knowledge” code by providing spatial understanding

of opportunity distribution. This helps parents evaluate different areas and understand why cer-

tain neighborhoods offer better opportunities. The Neighborhood Assessment Panel addresses the

“Educational Resource Variations” code because it highlights how educational quality varies across

communities and relates to other institutional factors. This also demonstrates the systemic nature of

educational opportunity in the US. By simplifying complex institutional factors into metrics with

explanations, the feature addresses the “US System Unfamiliarity” code and helps parents build in-

stitutional literacy. The localized approach makes systemic knowledge immediately relevant and

actionable for parents to help themmake decisions about their children’s futures.
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Figure 3.3: Opportunity Map Section feature of the prototype interface.

3.3.4 Theme 4: Proactive Opportunity Seeking→Action Plan - Stay and Im-

prove

The participants showed initiative in seeking educational opportunities within their existing com-

munities. This theme came from three codes: “Digital Resource Utilization,” “Resource-Seeking Be-

havior,” and “Educational Support Networks.” We developed the “Action Plan - Stay and Improve”,

as shown in Figure 3.12, to help parents find opportunities within their current communities. The

implementation begins with a choice interface showing two options: “Stay & Improve” or “Explore

New Areas.” After selecting “Stay & Improve,” users are shown local resources through three main

components: a “Township Information” section that provides basic details about the user’s current

location with links to official websites; a “Local Schools” section that shows schools matching their

kid’s age and educational needs, with quality ratings and program descriptions; and a “Community
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Programs” section that shows extracurricular and support programs with age ranges, focus areas,

and descriptions. A “Personalized Advice” banner provides specific recommendations based on the

child’s information from the quiz. The feature also includes specific action steps for parents to im-

prove local opportunities, such as joining school boards or PTAs, advocating for better programs,

and starting community initiatives. Technically, this feature uses recommendations generated using

the OpenAI API.

The “Action Plan - Stay and Improve” feature directly addresses the “Proactive Opportunity

Seeking” theme by providing ways to identify and access local resources that might be unknown. It

addresses the “Digital Resource Utilization” code by centralizing information about local opportu-

nities that would require searching across multiple websites. The “Educational Support Networks”

code is addressed through community engagement opportunities like PTAs, school boards, and

local initiatives, helping parents understand how to use existing networks to create valuable connec-

tions for their children. The “Resource-Seeking Behavior” code is addressed through the action-

oriented nature of the feature, which encourages specific steps to improve local circumstances. The

feature helps parents maximize opportunity within their existing community when relocation isn’t

possible due to financial constraints, employment considerations, or cultural ties.

3.3.5 Theme 5: Moving for Opportunity→Action Plan - Explore NewAreas

Many families also considered or actually relocated to access better opportunities for their children.

This theme came from three codes: “Opportunity-Based Relocation,” “Safety-Driven Decisions,”

and “Transportation Considerations.” The “Action Plan - Explore New Areas” feature, as shown in
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Figure 3.4: Stay and Improve Section feature of the prototype interface.
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Figures 3.13 and 3.14, was created as the second path in the action framework for parents consider-

ing relocation. When users select “Explore New Areas” at the choice interface, they access a zip code

entry field labeled “Where Would You Like to Move?” to specify areas of interest. After entering a

zip code, users get comparative information about the selected area. The feature provides a “Town-

ship Information” section with basic details about the area and a “Personalized Advice” banner with

personalized recommendations based on family information. The main component is an interactive

“Opportunity Map” showing neighborhood-level opportunity variations, with the “Top Neighbor-

hoods” panel listing specific neighborhoods with opportunity scores and descriptions. Additional

sections include “Local Schools” matching the child’s age and educational needs, and “Community

Programs” highlighting relevant extracurricular activities. Technically, the feature combines geospa-

tial data visualization using the Mapbox API with content generation through the OpenAI API.

Note that it was not fully functional at the time of development.

The “Action Plan - Explore New Areas” feature directly addresses the “Moving for Opportunity”

theme by providing families with the information needed to make informed relocation decisions.

It addresses the “Opportunity-Based Relocation” code by quantifying opportunity through scores

and detailed neighborhood profiles. The “Safety-Driven Decisions” code is addressed through com-

munity descriptions and neighborhood profiles that include information about security. The fea-

ture responds to the “Transportation Considerations” code by situating resources spatially through

the opportunity map, helping parents understand the geographic layout of potential destination

areas. By providing tailored recommendations through the personalized advice banner, the feature

acknowledges that moving decisions must account for each family’s specific circumstances.
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Figure 3.5: Explore New Areas Section (location search) feature of the prototype interface.
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Figure 3.6: Explore New Areas Section (neighborhood comparison) feature of the prototype interface.
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3.3.6 Theme 6: Cultural and Community Importance→Demographic Break-

downs

The participants valued cultural connections and community ties when making mobility decisions.

This theme came from three codes: “Cultural-Religious Location Priorities,” “Cultural Education

Values,” and “Community and Family Support Networks.” We developed the “Demographic Break-

downs” feature, shown in Figure 3.15, as a component within the “Explore New Areas” section

to provide detailed demographic information about potential communities. This is because many

families already live in areas with their preferred communities, so we wanted to help them find a sim-

ilar community in a new area. The feature includes four categories: Population Breakdown (show-

ing Total Population, Median Age, andMedian Household Income), Education Levels (showing

percentages for residents with Bachelor’s degrees or higher, Some College, High School, and less

than High School education), Ethnic Composition (showing the breakdown of different racial and

ethnic groups), and Religious Affiliation (though not fully implemented in the initial prototype).

From a technical perspective, based on the zip code the user entered, we use the OpenAI API to gen-

erate demographic data. It is important to note that this data may not be truly representative of real

demographic distributions, as it is generated by a language model rather than from official census

sources.

The Demographic Breakdowns feature directly addresses the “Cultural and Community Impor-

tance” theme by providing information about potential areas’ cultural and community characteris-

tics. It addresses the “Cultural-Religious Location Priorities” code by providing ethnic composition
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data and (in the planned implementation) religious affiliation information. The “Cultural Educa-

tion Values” code is addressed through the education levels. The feature responds to the “Commu-

nity and Family Support Networks” code by helping families identify areas where they might find

people of similar backgrounds who could provide support. By integrating demographic informa-

tion into the “Explore New Areas” section, the feature acknowledges that cultural and community

considerations are important in mobility decisions to help families maintain cultural connections

while accessing better educational and economic resources.

Figure 3.7: Demographic Breakdowns feature of the prototype interface.

3.3.7 Theme 7: Financial Constraints→Housing Options

Financial limitations also significantly impacted families’ mobility decisions and educational choices.

This theme came from three codes: “Financial Constraints &Myths,” “Financial Strategy Knowl-

edge,” and “Housing Stability Concerns.” We developed the “Housing Options” feature within

the “Explore New Areas”, shown in Figure 3.16, section to provide clear information about hous-

ing alternatives. The feature shows housing information in a comparative way with three housing
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categories: Single Family Home, Townhouse, and Apartment. Each housing type includes impor-

tant information: Price Range (purchase prices for ownership options and monthly rent for apart-

ments), Size (in square feet), and a brief description of characteristics. Below the housing options is

the “Find Housing On” section which links to popular websites: Redfin, Zillow, Affordable Hous-

ing resources, and Craigslist. This connects users directly to actual properties. Technically, the hous-

ing information is generated using the OpenAI API based on the selected income, while the housing

search links are implemented as simple redirects to the websites.

The Housing Options feature directly addresses the “Financial Constraints” theme by making

housing costs transparent and comparable. It addresses the “Financial Constraints &Myths” code

by providing clear information about housing costs in specific areas. The “Financial Strategy Knowl-

edge” code is addressed by comparing different housing types and their costs. The feature responds

to the “Housing Stability Concerns” code by including both ownership and rental options that par-

ents can afford. By integrating this feature with the broader “Explore New Areas” section, the tool

acknowledges that financial considerations are important in making mobility decisions. The direct

links to housing search platforms makes the information actionable.

3.3.8 Theme 8: Resilience and Perseverance→ Personalized To-Do List

Participants showed incredible determination and strategic thinking in pursuing educational oppor-

tunities despite significant obstacles. This theme came from three codes: “Resilience Development,”

“Misconception Barriers,” and “Strategic Family Planning.” We created the “Personalized To-Do

List” feature, shown in Figure 3.9, that turns the user’s choices into actionable steps. The feature is
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Figure 3.8: Housing Options feature of the prototype interface.

shown after users explore various sections and save their preferences using the “Save My Choices”

button. The system collects these selections—including chosen neighborhood, selected school,

community programs, and preferred housing type—and shown them in a “Your Saved Choices”

summary section. The “Your Next Steps” section then presents a personalized to-do list which is

generated based on their saved choices. Each task is directly relevant to their specific selections. For

example, if a user chooses Arlington Heights as their neighborhood and Arlington Elementary as

their school, some tasks would be “Research Townhouse options in Arlington Heights” and “Con-

tact Arlington Elementary about enrollment.” Each task includes a brief description. A progress

tracker feature allows users to see their progress, with options to print, email, or download the per-

sonalized plan. Technically, the personalized tasks generated through the OpenAI API processing

the user’s saved choices.

The Personalized To-Do List directly addresses the “Resilience and Perseverance” theme by sup-

porting the determination parents demonstrate in pursuing better opportunities for their children.

It addresses the “Resilience Development” code by breaking down overwhelming processes into
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manageable steps and providing many options to help their children pursue educational goals. The

“Misconception Barriers” code is addressed through specific, accurate guidance in the task descrip-

tions. The feature responds to the “Strategic Family Planning” code by transforming abstract goals

into a concrete action plan. By generating tasks specific to the user’s actual selections, the person-

alized to-do list recognizes each family’s unique journey. Many families may not know what to do

with the information, so it serves as a tangible first step that helps transform intention into action.

3.3.9 Theme 9: Language Barriers→ Language Translation

Language barriers also impacted the participants’ ability to access and utilize information about

educational opportunities. This theme came from three codes: “Language Barrier Management,”

“Communication Difficulties,” and “Information Quality Concerns.” We created a Language Trans-

lation feature as an important accessibility component of OpportunityViz to allow users to access

the entire platform in their preferred language. The planned implementation involved placing a lan-

guage selector in the top left corner of the interface, represented by a globe icon labeled “Language.”

After clicking this, users would have been presented with a dropdownmenu of available languages.

While not fully implemented during the initial prototype stage, the feature was designed to use the

next-intl internationalization framework. The design discussions included support for languages

common among immigrant populations in the United States (Spanish, Mandarin Chinese, Viet-

namese, Arabic, Haitian Creole, and others). Technically, the feature would have required creating

translation files for all static content.

This feature was not fully implemented in the initial prototype, but the planned Language Trans-
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Figure 3.9: Personalized To‐Do List feature of the prototype interface.
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lation feature directly addressed the “Language Barriers” theme by acknowledging that access to

information is a linguistic issue for many immigrant families. It would have addressed the “Lan-

guage Barrier Management” code by shifting the burden of translation from the user to the system

instead of relying on outside translation tools. The “Communication Difficulties” code would have

been addressed by ensuring complex concepts were presented appropriately. The feature would

have responded to the “Information Quality Concerns” code by making high-quality information

accessible regardless of language preference. By planning this feature as an important part of the

application, the design showed the importance of language access to supporting immigrant families.

3.3.10 Theme 10: Motivational Storytelling→ Scrollytelling + Community

Connections

The participants also shared they were inspired and guided from stories of successful mobility

journeys. This theme came from three codes: “Motivational Narrative,” “UpwardMobility Mo-

tivation,” and “Parental Investment.” OpportunityViz was designed with a “Scrollytelling” ap-

proach that includes narrative elements throughout the user experience. This format is meant to

mimic how parents motivate their children in achieving upward mobility, so a storytelling method

provides familiarity. The implementation follows a logical sequence reflecting a family’s decision-

making process: learning about opportunity, personalization, community assessment, action plan-

ning, and implementation. Throughout this journey, the interface reveals information in a story-

like way to prevent overwhelming users. The visual design supports this narrative approach using

consistent directional cues, such as arrows and numbered steps.
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The Scrollytelling approach directly addresses the “Motivational Storytelling” theme by trans-

forming a static information tool into an engaging narrative experience. It addresses the “Motiva-

tional Narrative” code by structuring the entire user experience as a journey to mimic the stories

that many participants found encouraging. The “UpwardMobility Motivation” code is addressed

through the scrollytelling design, with visual cues and sequential organization creating a sense of

progress and possibility showing upward mobility is achievable through informed decision-making.

The feature responds to the “Parental Investment” code by making the parent the hero of the mo-

bility narrative which acknowledges their commitment to their children’s futures. By integrating

storytelling throughout the entire application, the approach recognizes that storytelling is an power-

ful, familiar, and effective way to help children achieve upward mobility.

3.4 Phase 4: Co-Designing Sessions

We conducted co-designing sessions with five of the six parent-child pairs from the need-finding

phase because one parent could not attend their scheduled session. Each session had parts outlined

in the methods: evaluating current search methods, exploring the prototype, and collaboratively

refining features. This approach allowed the participants to be co-creators and directly influence the

development of a tool designed to address their specific needs.

3.4.1 Current SearchMethods Assessment

The co-design sessions showed that parents had many approaches to find information about educa-

tional opportunities and neighborhoods. Parents also had varying levels of digital literacy and trust
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in online resources.

Parents relied on many online websites for personal support. Google was the starting point for

most parents. Niche.com was a popular website for school information, and parents appreciated

its rating system. Parents used Zillow and similar real estate websites to explore housing. Facebook

groups focused on specific neighborhoods or immigrant communities and provided community

information. Many parents mentioned Reddit as a valuable source for authentic user experiences

and feedback about schools and neighborhoods. Interestingly, two parents did not use online re-

sources and preferred to rely only on recommendations from trusted friends, family members, and

community leaders. One parent explained: “I will not Google. I will ask most of my friends...I’m

not a fan of Google.” Interestingly, this parent also mentioned using Google often in the prior need-

finding interview. These parents valued information validated through personal relationships over

data found online.

When using digital tools, parents began with general search terms like “best schools in [location]”

or “neighborhoods with highest crime rate” to find areas to avoid. They would open many tabs to

compare information across various sources and prioritize websites recommended by their social

networks. Several parents used a cross-referencing approach, checking multiple sources to validate

information before making decisions. Parents also used a multi-layered information-gathering pro-

cess. One parent described their approach: “I gather some information, then I ask my daughter to

go to her school, to ask her teachers. They will collect information from the teachers. Then, again,

I Google it and gather more information.” Many participants commonly used this iterative process,

combining online research and personal networks.
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Parents also faced many challenges during their search. Language barriers were significant obsta-

cles for non-native English speakers, with one parent noting that websites were not “user-friendly

for immigrant families who don’t speak English as their first language.” Information being present

in several places was another consistent challenge as parents needed to visit multiple websites to have

comprehensive information about neighborhoods, schools, and programs. Parents also struggled

with information overload with “too many options” and difficulty filtering relevant content. One

parent described the frustration of “looking through thousands of ZIP codes,” while another men-

tioned being overwhelmed by the volume of search results. One parent specifically said that many

websites contain outdated information: “The website should show the previous year’s performance”

rather than data from several years ago.

Parents generally had low to moderate confidence in the information found online. Most pre-

ferred to verify online information through personal connections, with one parent stating they

“trust feedback from people that I know or real authentic feedback” over website content. Another

parent said their opportunities came “mostly from word-of-mouth or relationships” rather than on-

line resources. Even tech-savvy parents doubted online information and wanted to do in-person vis-

its to neighborhoods. One parent explained: “He would personally go over, take a look at the town,

how does he feel safe when he’s walking around, and also maybe talk to the locals a little bit.” This

need for physical verification shows the limited trust in digital resources alone for major decisions

affecting their children’s futures. These insights into current search methods showed a significant

gap between available online resources and parents’ actual information needs.
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3.4.2 Prototype Interaction Analysis

After the current search methods assessment, we saw that several parents had limited experience

with digital tools. When we asked them to show us their online search process, three of the five par-

ents struggled with basic browser navigation, with one parent unable to open a new tab despite

making many attempts. Another parent explained they only used their phone for online searchers

and were unfamiliar with computer-based browsing. This unexpected finding meant that we had to

modify our approach to the prototype interaction phase. Initially, we planned for the parents to use

the prototype independently. Instead, I guided them through the website. I shared my screen with

each parent and demonstrated each feature while explaining its purpose and functionality. Parents

provided verbal feedback as we went through the different sections of the prototype. This guided

approach ensured that all participants could meaningfully engage with the prototype, regardless of

their tech experience. This potentially limited our findings on usability issues that could have come

up if the parents had explored the website on their own. The need for this guided approach shows

the importance of creating a highly intuitive interface with minimal technical barriers for serving

families with varying levels of comfort with technology.

3.4.3 Collaborative Feature Refinement - Prototype Strengths

After guiding the parents through the prototype, the next phase was a collaborative feature refine-

ment process where parents identified many strengths of the OpportunityViz prototype that ad-

dressed their needs.
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The most consistent strength was the centralization of diverse information in a single platform.

Parents who previously struggled with using multiple websites really appreciated having a lot of

information in one location. One parent commented: “Since you have all the different types of

information available all on one page, it is so much easier to do research.”

The opportunity map feature also had positive feedback for its visual representation of oppor-

tunity distortion within communities. Parents liked how the map visually highlighted variations in

opportunity, even within the same zip code. One parent specifically appreciated that “as soon as you

type in the ZIP code, it zooms in on the place,” making the local opportunity measure immediately

visible. The color-coding system (blue for high opportunity, red for low opportunity) was intuitive

for most participants, but some suggested enhancements to color contrast and scale explanation.

The Action Plan feature with—“Stay & Improve” and “Explore New Areas”—was highlighted

as particularly valuable because it addressed the reality that not all families can relocate. One parent

commented: “I really like the stay option. Realistically, I think most people will stay.” Parents ap-

preciated that the tool offered concrete steps for improving children’s opportunities regardless of

their mobility options. The personalized to-do list feature was especially helpful, with one parent

noting it would “save him so many steps” and reduce dependence on friends and family for guidance

through complex processes.

The housing options feature was also a strength for many parents. One parent said it was the

most helpful component: “I think it was the house part. He likes that one the most.” Parents appre-

ciated the breakdown by housing type (single-family home, townhouse, apartment) and the direct

connections to resources like Zillow, Redfin, and affordable housing options. This integration of
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housing information with educational opportunity data addressed an important need that parents

used to address through separate searches.

The step-by-step organization of the prototype was also considered a strength. Parents said the

logical progression helped them understand the relationship between different factors affecting

opportunity. One parent specifically “likes the logic of the way that this thing is set up” and ap-

preciated how the flow followed their natural thought process. This structured approach turned

overwhelming information into a manageable, step-by-step journey.

These strengths show that the prototype successfully addressed many of the needs identified in

the need-finding phase, particularly by centralizing information, visualizing opportunity differences,

providing actionable steps, and supporting both “stay” and “move” scenarios that reflect the realistic

constraints facing low-income families.

3.4.4 Collaborative Feature Refinement - PrototypeWeaknesses

Although there were many positives about the features, participants also found several areas where

the prototype could be improved to better serve the needs of low-income families.

The most frequently mentioned weakness was the visual design of the interface. Four of the five

parents criticized the prototype’s appearance as plain and uninviting. One parent commented that

“the whole website being white, he doesn’t like it,” while another stated it “look[s] like very blank.

Not more attractive.” Several parents suggested adding alternate background colors to clearly differ-

entiate sections, with one recommending “if the first section the background is white, then the next

section can be blue.” The current design might not attract users, as one parent expressed: “If you are
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more attractive, then only the peoples come to look at the website nowadays.”

The parents appreciated the planned translation functionality but emphasized that this was not

just a “nice-to-have” feature but essential for meaningful access. One parent suggested implement-

ing a ChatGPT-like feature where “he can ask a question in his own language, like, in Mandarin

into the chat box, and the chat box can respond to him, live and in his language back to him.” The

current English-only prototype was a significant barrier for the families.

Many parents thought the multi-step structure was potentially overwhelming. Two parents sug-

gested removing the educational “Learn” section to have more direct approach: “No learn section.

Immediately, they have to put [in their ZIP code].” Another parent observed that “the papers are

not that much to read everything” and suggested users would prefer immediate results over edu-

cational content. This highlighted a tension between providing comprehensive information and

maintaining simplicity.

The parents also found important information missing from the current prototype. Employ-

ment opportunities was often mentioned, with multiple parents emphasizing that “moving to a bet-

ter area usually means more expensive” and “no one’s gonna move unless they have a job lined up.”

One parent suggested scraping job sites like Indeed to show employment opportunities in potential

relocation areas. Other requested information included scholarship resources, college pathways, and

alumni testimonials. One parent emphasized the need for “not just statistics, but what do alumni

say about the school” to provide qualitative perspectives with quantitative data.

Some parents liked the opportunity map in the learn section, while others thought it was over-

whelming. One parent described the national map as “very big” and difficult to navigate and noted
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that immigrant families typically focus on specific regions rather than the entire country. Another

participant found it “very overwhelming because I was trying to find where my county is, but it’s

really hard to find.” Several parents suggested providing a list view as an alternative, with one stating

“in terms of usage, list space is like a lot better. It’s just easier to sift through, easier to filter.”

These weaknesses provided valuable insights for prototype enhancement and highlighted the

need for a more visually engaging design, smooth navigation, more information, and alternative data

presentation designs to better serve the diverse needs of the target user population.

3.4.5 Summary of Co-Designing Sessions

Table 3.1: Co‐Design Session Findings: Current Search Methods

Category Finding Supporting Quotes Freq.
Strengths Google as starting

point
”I’d search up, start with Google,
open up a few tabs.”

3/5

Cross-referencing
multiple sources

”I’ll go on other websites, kind of,
like, cross reference it.”

3/5

Use of social media
for authentic feed-
back

”I kind of trust feedback from people
that I know or real authentic feed-
back... I go on like Reddit.”

2/5

Weaknesses Preference for per-
sonal networks over
online resources

”I will not Google. I will ask most
of the friends... I’m not a fan of
Google.”

4/5

Multi-step verifica-
tion process

”I gather some information, then
I ask to [my daughter] to go to her
school, to ask her teachers... Then,
again, I Google it and gather more
information.”

3/5

Reliance on word-of-
mouth

”She usually what she does is she
just goes by word-of-mouth, friends,
family.”

4/5
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Table 3.2: Co‐Design Session Findings: Search Challenges

Category Finding Supporting Quotes Freq.
Limitations Language barriers ”These websites, it can be more, I

guess, user friendly for immigrant
families who don’t speak English as
their first language.”

3/5

Information frag-
mentation

”We had to look for, like, different
aspects. We have to research different
aspects about our town of interest on
different websites.”

5/5

Too many options ”He just thinks there’s a lot of op-
tions to look at.”

4/5

Outdated informa-
tion

”The web when you are creating
a web, always, you know, should
[show] the previous year’s perfor-
mance.”

2/5

Limited success with
digital tools

”She has not had, like, any luck using
resources. She has not really found
worthwhile opportunities through
them.”

3/5

3.5 Phase 5: Prototype Enhancement

After the co-designing sessions, we started enhancing the OpportunityViz prototype based on the

participant feedback. We began by analyzing the co-design transcripts. We prioritized the enhance-

ments using three criteria: how frequently users mentioned the weakness, the potential impact on

overall usability, and technical feasibility within the project timeline. By prioritizing feature refine-

ments, we focused on the most important improvements: visual design enhancements to increase

the attractiveness and clarity of the website, simplify user flow, add more content to address informa-

tion gaps and expand functionality to better serve user needs.

98



Table 3.3: Co‐Design Session Findings: Prototype Evaluation

Category Finding Supporting Quotes Freq.
Strengths Consolidated infor-

mation
”Since you have all the different types
of information available all on one
page, it is so much easier to do re-
search.”

5/5

Interactive map
functionality

”He really likes the detail, and he
really appreciates how, like, as soon
as you type in the ZIP code, it zooms
in on the place.”

4/5

Logical structure ”He likes the logic of the way that
this thing is set up.”

3/5

Personalized action
steps

”It’ll save him so many steps... save
time.”

4/5

”Stay” option real-
ism

”I really like the stay your option.
Realistically, I think most people will
stay.”

2/5

Direct neighbor-
hood comparison

”She really liked the ability to find
out what if there are better areas
around where you currently are.”

3/5

Weaknesses Plain visual design ”The whole website being white, he
doesn’t like it.”
”It look like very blank. Not more
attractive.”

4/5

National map over-
whelming

”The map is really big.”
”It’s very overwhelming because I was
trying to find where my county is,
but it’s really hard to find it.”

3/5

Missing job informa-
tion

”Would wonder if you plan to add an
option to add job seeking opportuni-
ties.”
”The only thing that I was truly miss-
ing was the job opportunities.”

4/5

Text formatting
issues

”He feels like the title and the part
underneath it are too similar.”

2/5

Content organiza-
tion

”No learn section. Immediately, they
have to put it.”

3/5
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3.5.1 Interface Enhancements

Many parents said the prototype was “too plain” and “not attractive.” We replaced the white back-

ground with alternating section colors to properly differentiate each section. We also changed the

text, so separating the titles and body text was easier. This addresses the concern that “the title and

the part underneath it are too similar.” We added many icons to each section to provide a better

visual look.

Since the multi-step structure felt overwhelming to some users, we completely removed the

“Learn” section after many participants suggested the “no learn section. Immediately, they have

to put [in their ZIP code].” Instead, we moved the educational content from this section to other

parts of the tool. The “Personalization Quiz” was moved right after the landing page so users can

immediately begin their location assessment without viewing the educational content.

Finally, we added an AI chatbox assistant at the bottom right corner of the interface (visible as

“Chat with me!”) to responding to one parent’s specific request for a feature where “he can ask a

question in his own language... and the chat box can respond to him, live and in his language.” This

provides personalized guidance and quick answers to specific questions.

3.5.2 Feature-Specific Enhancements

In this section, we describe the ten specific features that were enhanced or added based on partici-

pant feedback. As shown in Figure 3.10 through Figure 3.19, each feature addresses specific needs

identified during the co-design process.
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Feature 1: Assess Your Community (formerly “Personalized Assessment Quiz”)

We renamed the “Personalized Assessment Quiz” to “Assess Your Community” based on feedback

from one participant who found the term “personalized” potentially confusing, noting that “when

I think about that, I’m thinking of personality quiz.” We replaced the ZIP code field with a com-

plete address entry so the Opportunity Map showed their location more precisely. We also added

an employment status checkbox since employment opportunities were an important missing factor,

with multiple participants emphasizing that “no one’s gonna move unless they have a job lined up.”

Although we did not have time to implement a feature that uses this information, we intend to add

something in the future. Figure 3.10 illustrates the updated assessment interface.

Feature 2: Community Assessment OpportunityMap &Neighborhood Assess-

ment Panel

We also significantly enhanced the Community Assessment Map based on participant feedback.

Given that the national map in the “Learn” section was “very big” and “overwhelming,” we inten-

tionally made the Opportunity map automatically zoom to the user’s specific area once they enter

their address. We also removed the original factors (Segregation, Income Inequality, School Quality,

Family Structure, and Social Capital), given that parents wanted to see more personalized neighbor-

hood metrics. We replaced them with School Quality, Safety, Healthcare, Amenities, Housing, and

Transportation. This change addressed participants’ desire for more concrete, practical information

about potential neighborhoods.
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Figure 3.10: Feature 1: Assess Your Community interface with demographic information collection.
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As shown in Figure 3.11, we also implemented visual icons for each assessment category (schools,

shields, medical symbols, etc.) with individual ratings to improve accessibility. Note that advice

was given by experts in visualization who referenced2. Furthermore, users can click on the icons

to change the rating. We intend to have the tracts filter based on the users’ ratings. We moved the

“HowCanWe Do Better” content from the previous Learn section was integrated below the map

to create a more cohesive narrative flow and maintain the educational value while removing the

separate unnecessary section. Most importantly, we made the map functional so the visual mock up

turned into an interactive tool that users can use to explore specific neighborhoods.

Feature 3: Action Plan - Stay and Improve

We kept the “Stay & Improve” action pathway mainly the same based on positive feedback from

participants who appreciated this option, with one parent specifically noting, “I really like the stay

option. Realistically, I think most people will stay.” This feature continued to provide structured

guidance for families wanting to maximize opportunities within their current communities. As

illustrated in Figure 3.12, we made minor visual enhancements to maintain design consistency with

the other enhanced sections. This included making the action buttons more visible, providing clear

section divisions, and adding the personalized advice banner that provides recommendations based

on the family’s specific circumstances and children’s ages.
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Figure 3.11: Feature 2: Community Assessment Opportunity Map with neighborhood assessment panel showing inter‐
active features.
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Figure 3.12: Feature 3: Action Plan ‐ Stay and Improve interface showing community resources and improvement
options.
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Feature 4: Action Plan - Explore NewAreas

We also made significant changes to the “Explore New Areas” feature. As shown in Figure 3.13 and

Figure 3.14, we made the Opportunity Map functional and provided the “Top Neighborhoods”

panel with a list of neighborhoods based on the feedback “in terms of usage, list space is like a lot

better. It’s just easier to sift through, easier to filter.” It shows specific communities within the se-

lected ZIP code, each with its opportunity score and a brief description. We also made changes

to the demographics and housing options, which will be discussed next. One major change is the

“Job Resources” section, which was based strong feedback that employment information was an

important missing component, with one participant stating that “no one’s gonna move unless they

have a job lined up.” This provides direct links to major employment platforms, including Indeed,

LinkedIn Jobs, Glassdoor, and USA Jobs, with connections to American Job Centers, Small Busi-

ness Resources, and Professional Meetups. This also directly addresses many of the main gaps in the

original prototype.

Feature 5: Demographic Breakdowns

We also changed the “Community Demographics” feature based on the feedback about the impor-

tance of cultural and religious community connections. As shown in Figure 3.15, we used visual

iconography to represent different ethnic groups with figures showing the relative size of each pop-

ulation (White 67%, Asian 15%, Black or African American 11%, Hispanic or Latino 7%, in the ex-

ample shown). Most importantly, we added a new religious composition section in direct response
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Figure 3.13: Feature 4: Action Plan ‐ Explore New Areas (part 1) showing the interactive opportunity map with neigh‐
borhood listings.
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Figure 3.14: Feature 4: Action Plan ‐ Explore New Areas (part 2) displaying job resources and related information.
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to multiple participants who emphasized the importance of religious communities in their location

decisions, with one parent explicitly stating, “Cultural. Islamic. First, Islamic. Then, education...

That’s why we love this area. We settled here.” This visualization uses icons for major faith traditions

(Christian, non-religious, Jewish, Muslim, Hindu, and Others) with percentage breakdowns. It al-

lows families to quickly identify areas with religious communities important to them. We organized

the additional community information into clear “Population Overview” and “Education Levels”

sections to provide context about total population size, median age, median household income, and

educational attainment levels. This allows families to quickly assess if a community’s educational

values align with their own priorities. Furthermore, visualization experts helped refine the iconogra-

phy and layout to ensure the information was presented in the most accessible and clear format.

Figure 3.15: Feature 5: Demographic Breakdowns showing ethnic and religious composition of communities.
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Feature 6: Housing Options

We enhanced the “Housing Options” feature by adding better visual icons for each housing type

(apartment, townhouse, and single-family home) to help users quickly distinguish between op-

tions. Figure 3.16 shows how we added “Suitable” indicators to help users identify which housing

types might best match their financial circumstances. Price ranges were displayed for each housing

type (e.g., “$1200 - $2200” for apartments, “$250,000 - $600,000” for townhouses, and “$500,000 -

$1,000,000” for single-family homes), providing transparent cost comparisons. The “Find Housing

On” section maintained direct links to popular housing websites (Redfin, Zillow, Affordable Hous-

ing Resources, and Craigslist) but was enhanced with icons for each platform. We also included

an “Affordable Housing” option, as multiple participants were concerned about housing costs in

higher-opportunity areas, with one parent noting that “moving to a better area usually means more

expensive.”

Figure 3.16: Feature 6: Housing Options display with price ranges and suitability indicators for different housing types.
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Feature 7: Personalized To-Do List

We also changed the “Personalized To-Do List” feature to provide more support for families. As

shown in Figure 3.17, we added explanations to each task to clarify its purpose and importance.

Furthermore, we added direct resource links to turn abstract recommendations into actionable steps

with specific resources to help parents complete the task. This directly responded to the participants’

desire for more concrete guidance, with one parent stating the to-do list would “save him so many

steps” and “save time.” Everything else remained the same in the “Personalized To-Do List.”

Feature 8: Language Translation

We fully implemented the “Language Translation” feature. A language selector was added at the

top navigation bar, which is represented by a globe icon and the word “Language,” making it visible

from any page on the website. When the user clicks on this, the selector shows a dropdownmenu of

available languages, including English, Spanish, and Chinese. Many participants said language access

was essential for meaningful use, with one parent suggesting a feature where “he can ask a question

in his own language, like, in Mandarin into the chat box, and the chat box can respond to him, live

and in his language back to him.” We implemented translation across the entire website so all static

content is translated. However, it is important to note that some AI-generated content was not fully

translated. In general, this feature helps make the website more accessible to parents, regardless of

their English proficiency.
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Figure 3.17: Feature 7: Personalized To‐Do List with task explanations and direct resource links.
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Feature 9: College Guides and Scholarship Resources

We also added a completely new “Additional Resources” section since many participants wanted

college preparation and scholarship information. As illustrated in Figure 3.18, this responded di-

rectly to feedback from one parent who suggested “SAT education—how can you get study materi-

als, books, and other resources? For SAT, they should tell us what to do and how to do it. Practice

courses, training classes—something like that would have been helpful.” We organized this section

into four parts: Standardized Test Preparation (featuring Khan Academy SAT, College Board, and

ACT Test Prep); Scholarships & Financial Aid (including Fastweb, Scholarships.com, and Federal

Student Aid); Online Courses & Learning (highlighting Coursera, edX, and Khan Academy); and

College Application Help (providing Common Application, Coalition Application, and College

Essay Guy resources). We also added a general. The “Tips for College Preparation” component is at

the bottom of this section to provide actionable guidance.

Feature 10: Community Connections & AI Assistant

Finally, we added a new “Community Connections” section since participants wanted real-world

stories and testimonials, with one parent specifically suggesting, “This might be a bit of a random

question, but what if the tool also included success stories? I think that would be inspiring for peo-

ple.” As shown in Figure 3.19, the feature includes a mock-up of testimonials from families who

have successfully navigated mobility decisions. There are personal details, locations, and star ratings

within each testimonial. We also added a “Share Your Story” button to allow users to contribute
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Figure 3.18: Feature 9: College Guides and Scholarship Resources providing educational advancement options.
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their own experiences. This also allows for ongoing community building.

Figure 3.19: Feature 10: Community Connections & AI Assistant showing testimonials and interactive support features.

3.5.3 Summary of Prototype Enhancements

Table 3.4 summarizes all the enhancements made to the OpportunityViz prototype based on partic-

ipant feedback. The table outlines each feature, the key changes made, and the participant feedback

that motivated these changes.

3.6 Phase 6: Usability Testing

For the final phase of this research, we conducted usability testing of the OpportunityViz proto-

type to evaluate how effectively it addressed the ten themes. This testing assesses whether the design

improvements successfully met the needs of the target user population after we implemented the
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Table 3.4: Summary of Prototype Enhancements

Feature Key Enhancements Motivating Feedback
Interface Overall Added colors, icons, simplified

flow
“Too plain,” “not attractive”

Feature 1: Assess
Your Community

Renamed from “Personaliza-
tion Quiz,” added address
entry

“When I think about that, I’m
thinking of personality quiz”

Feature 2: Com-
munity Assess-
ment Map

Added zoom feature, replaced
abstract factors with practical
metrics

Map was “very big” and “over-
whelming”

Feature 3: Stay &
Improve

Enhanced visual consistency,
improved action buttons

“I really like the stay option.
Realistically, I think most
people will stay”

Feature 4: Explore
New Areas

Made map functional, added
job resources

“No one’s gonna move unless
they have a job lined up”

Feature 5: Demo-
graphic Break-
downs

Added religious composition
section

“Cultural. Islamic. First, Is-
lamic. Then, education...”

Feature 6: Hous-
ing Options

Added visual icons, suitable
indicators, price ranges

“Moving to a better area usu-
ally means more expensive”

Feature 7: To-Do
List

Added explanations and re-
source links

Would “save him so many
steps” and “save time”

Feature 8: Lan-
guage Translation

Added language selector with
multiple options

Need to “ask a question in his
own language”

Feature 9: College
Resources

Added sections for test prep,
scholarships, applications

“SAT education—how can you
get study materials...”

Feature 10:
Community Con-
nections

Added testimonials and story
sharing

“What if the tool also included
success stories?”
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feedback from the co-design sessions. The usability testing followed three-part structure: (1) guided

or independent exploration of the prototype, (2) rating how well the website in general and each fea-

ture addressed its corresponding theme on a scale of 1-10, and (3) qualitative feedback on the overall

experience.

3.6.1 GuidedWebsite Exploration Results

The website exploration showed how parents interacted with the enhanced prototype. Most parents

required assistance from their children to navigate the website effectively, which confirms our de-

sign assumption that the tool would often be used collaboratively within families. For parents who

couldn’t navigate the website with their children’s help, we guided them through it.

There was a common interaction pattern where participants would first explore their current

neighborhood information with interest, showing engagement with the opportunity scores and

neighborhood factors. When presented with the “Take Action” options, most participants initially

chose to explore new areas rather than staying and improving in their current location. This suggests

that parents should consider moving for opportunities as a solution. However, after studying both

pathways, many appreciated having the “Stay & Improve” option and acknowledged that relocation

is not always feasible.

The initial reactions to the website were positive, with participants surprised at the comprehen-

sive information available in one place. Several parents had “aha moments” when they realized the

tool could help them understand institutional systems they had previously found confusing. The

personalization aspect, particularly how school listings adapted based on their child’s age, was ap-

117



proved once we explained this, but this functionality wasn’t immediately apparent to all users.

We also observed several challenges the participants experienced. The ZIP code entry system in

the “Explore New Areas” feature created confusion for some users who wanted to explore areas

without knowing specific ZIP codes. Some participants expected to be able to click directly on the

opportunity map to select neighborhoods rather than entering ZIP codes. Technical literacy varied

significantly among parents, with some unable to perform basic navigational functions like opening

new tabs or scrolling effectively. The language translation feature, while highly rated once discov-

ered, was initially overlooked by several participants who might have benefited from it.

The most successful elements during exploration were the personalized to-do lists, which parents

found particularly actionable, and the demographic breakdowns, which resonated strongly with par-

ticipants concerned about maintaining cultural connections. The housing options section was also

appreciated, with participants spending time reviewing different housing types and prices. These en-

gagement patterns validated the design emphasis on practical, actionable information that addressed

real-world constraints faced by immigrant families.

3.6.2 Thematic Feature Ratings

Theme 1: Value of Education

Participants rated how well the website addressed the “Value of Education” theme overall, with

scores ranging from 6 to 10 and an average rating of 8.3. Most participants recognized the educa-

tional focus throughout the tool and appreciated how it prioritized finding better schools and edu-
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cational opportunities. One parent said, “It shows the best schools. That’s why I gave it nine out of

ten,” while another noted the website’s comprehensive approach to education pathways.

The specific feature designed to address this theme—the additional resources section with col-

lege guides—received similarly positive ratings. When we directed them to this feature, participants

valued the comprehensive resources for standardized test preparation, scholarships, and college appli-

cations. One participant rated this feature a 10, stating “these websites, I used a lot. So I think these

are really helpful,” while appreciating how the resources were consolidated in one location.

Participants suggested many improvements to better address this theme. Some recommended

expanding educational resources beyond college preparation to include support for younger chil-

dren, with one parent explaining, “Education starts from the beginning, not just going into college.”

More tech-savvy participants suggested adding college outcome information, such as graduation

rates and employment statistics, to emphasize education as a mobility pathway further. Another par-

ticipant recommended guiding parents on navigating linked external resources, noting this would be

“even more helpful” for parents unfamiliar with these systems.

Theme 2: Need for PersonalizedHelp

Participants evaluated how well the overall website addressed the “Need for Personalized Help”

theme with favorable ratings ranging from 6 to 10, with an average of 8.2. Most appreciated the per-

sonalized nature of information presented throughout the tool. One parent gave it a 10, explaining,

“Everything is helpful because it shows top to bottom…they will help you.” Another participant

rated it 7.5, noting that while the personalized approach was effective, there were opportunities to
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enhance the personalization further.

The personalized assessment quiz feature, specifically designed to address this theme, received

high ratings from participants, with scores ranging from 6 to 10 and an average of 8.3. Participants

appreciated how the quiz collected relevant information to tailor the remaining content. One par-

ticipant gave it a 9.5, highlighting that “it captures a lot of the aspects that go into personalizing the

following information for a family.” Some were particularly impressed with how the age input af-

fected school recommendations, showing elementary, middle, or high schools based on the child’s

age.

Several participants gave suggestions for improving personalization. One recommended adding

more health care resources, noting this was “always a concern growing up” for first-generation low-

income families. Another suggested expanding personalization based on children’s interests, rec-

ommending the tool could ask “do they like STEM? Do they like the arts?” to target community

program recommendations better. Some participants initially didn’t understand how their input

(particularly household income and demographics) affected the personalized results, suggesting the

need for clearer explanations of how personalization works within the tool.

Theme 3: Lack of US Institutional Knowledge

Participants evaluated how well the website addressed understanding US institutional systems with

generally positive ratings, ranging from 7 to 10 with an average of 8.3. Most appreciated the tool’s

ability to break down complex community characteristics and institutional differences. One parent

gave it a 10, explaining, “We will help you. It shows everything about a new area.” Another partic-
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ipant rated it 8, noting that while the institutional insights were helpful, there was room for more

detailed explanations.

The Community Assessment Opportunity Map and Neighborhood Assessment Panel, specifi-

cally designed to address this theme, received mixed but generally positive ratings, with scores rang-

ing from 5 to 8. Participants appreciated how the feature visualized institutional variations across

communities. One participant highlighted that it “captures a lot of the aspects of how different

neighborhoods work,” particularly valuing the ability to see factors like school quality, safety, and

transportation. Some were particularly impressed with how the map could filter neighborhoods

based on specific institutional factors.

Several participants offered suggestions for improving the institutional knowledge representa-

tion. One recommended adding more detailed explanations for each neighborhood factor, noting

the need for clearer context about terms like “amenities” and safety.” Another suggested linking to

official government sources to provide more comprehensive information about community systems.

Participants also expressed interest in side-by-side neighborhood comparisons and more explicit ex-

planations of how different institutional factors impact educational and economic opportunities for

families.

Theme 4: Proactive Opportunity Seeking Locally

Participants evaluated how well the website addressed proactive opportunity seeking with highly

positive ratings, ranging from 5 to 10 with an average of 8.5. Most appreciated the tool’s ability to

provide actionable steps for improving opportunities within a current community. One parent gave
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it a 10, emphasizing that the website offers concrete ways to seek opportunities even when moving

is not possible. Another participant rated it 7, noting that while the approach was innovative, there

was potential for more personalized guidance.

The Stay and Improve feature, specifically designed to address this theme, received consistently

high ratings, with scores ranging from 8 to 10. Participants valued the feature’s ability to suggest

alternative schools, community programs, and local resources for enhancing educational opportuni-

ties. One participant highlighted that the personalized to-do list was particularly helpful, stating it

provides “a structured plan of action when you can’t immediately move to a better area.” Parents ap-

preciated how the feature offered practical steps to improve their current community’s educational

landscape.

Several participants offered suggestions for enhancing proactive opportunity seeking. Some rec-

ommended more personalized recommendations based on children’s specific interests, like STEM,

arts, or specific career pathways. Others suggested expanding the feature to include more detailed

information about local community engagement opportunities, such as school board meetings,

parent-teacher associations, and local educational initiatives. A key recommendation was to develop

more age-specific guidance, with one participant suggesting that the opportunities and recommen-

dations should differ significantly between elementary, middle, and high school levels to provide

more targeted and meaningful advice.
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Theme 5: Moving for Opportunity

Participants evaluated how well the website addressed the theme of moving for opportunity with

generally positive ratings, ranging from 7 to 9 with an average of 8.3. Most appreciated the com-

prehensive approach to exploring potential new areas for educational and economic mobility. One

parent gave it a 9, explaining that the tool provides “a complete picture of what to consider when

moving for better opportunities.” Another participant rated it 7, noting that while the concept was

strong, there was room for more detailed job market and relocation information.

The Explore New Areas feature, specifically designed to address this theme, received ratings be-

tween 7 and 9. Participants valued the ability to input a new ZIP code and receive detailed neighbor-

hood information, including school options, community demographics, and housing possibilities.

One participant highlighted that the feature was particularly helpful for families considering reloca-

tion, stating it “gives a 50% clear picture” of potential new areas. Parents appreciated the side-by-side

comparison of different neighborhoods and the ability to assess multiple factors when considering a

move.

Participants suggested several improvements for the moving for opportunity feature. Many re-

quested more comprehensive job market information, with one suggesting the tool should provide

direct job listings or more detailed employment resources specific to the explored area. Others rec-

ommended adding more detailed comparisons between current and potential new neighborhoods,

including more in-depth information about job opportunities, salary ranges, and long-term eco-

nomic prospects. A key suggestion was to enhance the personalization of relocation recommen-
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dations, potentially by allowing users to input specific career or educational goals to receive more

targeted advice about potential new communities.

Theme 6: Cultural and Community Importance

Participants evaluated how well the website addressed cultural and community importance with

ratings ranging from 7 to 10, with an average of 8.5. Most appreciated the tool’s ability to provide

insights into community demographics and cultural composition. One parent gave it a 9, emphasiz-

ing the importance of understanding the ethnic and religious makeup of potential neighborhoods.

Another participant rated it 7, noting that while the information was helpful, there was potential for

more comprehensive community representation.

The Demographic Breakdowns feature, specifically designed to address this theme, received con-

sistently high ratings, with most participants scoring it between 8 and 10. Parents valued the ability

to see ethnic composition, religious affiliation, and population characteristics of potential neigh-

borhoods. One participant highlighted that the feature helps immigrant families identify areas with

similar cultural backgrounds, stating it allows them to “find people like us” when considering relo-

cation. Participants particularly appreciated the visual representation of community demographics,

including racial, ethnic, and religious breakdowns.

Participants offered several suggestions for enhancing the cultural and community importance

representation. Many requested more detailed community information, such as specific cultural

events, local community centers, and neighborhood-specific cultural resources. One participant

suggested adding testimonials or more qualitative information from community members of sim-
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ilar backgrounds. Others recommended expanding the demographic categories to include more

nuanced cultural information, such as language spoken, cultural festivals, and community organi-

zations. A key recommendation was to provide more context about how cultural factors impact

educational and economic opportunities, helping families make more informed decisions about

community selection.

Theme 7: Financial Constraints

Participants evaluated how well the website addressed financial constraints with generally high rat-

ings, ranging from 5 to 10, with an average of 8.2. Most appreciated the tool’s transparent approach

to presenting housing and economic information. One parent gave it a 10, emphasizing that the

website provides clear, comparable housing options that help families understand their financial pos-

sibilities. Another participant rated it 5, noting that while the housing information was helpful, the

tool lacked comprehensive financial planning resources.

The Housing Options feature, specifically designed to address this theme, received ratings be-

tween 7 and 10. Participants valued the ability to see housing configurations aligned with their in-

come levels, with one noting that the feature provides a “comparison you can make decisions on.”

The tool’s direct links to housing resources like Redfin, Zillow, and affordable housing options were

particularly appreciated. Parents found the price range breakdowns and housing type recommenda-

tions helpful for understanding their potential housing opportunities.

Participants suggested several improvements for addressing financial constraints. Many requested

more detailed financial guidance, including information about local cost of living, job market op-
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portunities, and potential financial assistance programs. One participant recommended adding a

more comprehensive job search feature that goes beyond simple links, suggesting the tool could pro-

vide aggregated job listings specific to the user’s skills and income range. Others proposed including

more detailed information about financial planning, such as guidance on saving for housing, un-

derstanding mortgage options, and navigating financial resources for low-income families. A key

recommendation was to develop a more holistic approach to financial constraints that goes beyond

housing options to provide actionable financial guidance.

Theme 8: Resilience and Perseverance

Participants evaluated how well the website addressed resilience and perseverance with ratings rang-

ing from 6 to 10, with an average of 8.3. Most appreciated the tool’s ability to provide multiple

pathways and actionable steps for families facing educational challenges. One parent gave it a 10,

explaining that the website shows families “there are always options” even in difficult circumstances.

Another participant rated it 7, noting that while the approach was supportive, more motivational

elements could be incorporated.

The Personalized To-Do List feature, specifically designed to address this theme, received ratings

between 8 and 10. Participants valued the feature’s ability to provide structured, step-by-step guid-

ance for families seeking to improve their educational opportunities. One participant highlighted

that the to-do list “saves time” and provides clear actions when families feel overwhelmed. Parents

appreciated how the feature breaks down complex processes into manageable steps, helping families

maintain hope and momentum in pursuing better educational outcomes.

126



Participants offered suggestions for enhancing the representation of resilience and perseverance.

Many recommended incorporating more success stories and testimonials that showcase families

who have overcome educational challenges. Some suggested making motivational elements more

prominent, such as moving success stories to the top of the website or creating a more dynamic

storytelling approach. Others proposed adding more context to each action item, explaining not

just what to do, but why each step matters in the broader context of educational mobility. A key

recommendation was to develop a more interactive way of tracking progress and celebrating small

achievements to help families maintain motivation throughout their educational journey.

Theme 9: Language Barriers

Participants evaluated how well the website addressed language barriers with varied ratings, rang-

ing from 5 to 10, with an average of 8.0. Most appreciated the initial language translation options,

though some initially struggled to locate the language features. One parent gave it a 10, emphasizing

that providing resources in multiple languages is crucial for immigrant families. Another participant

initially rated it low but changed their perspective after discovering the full language translation

capabilities.

The Language Translation feature, specifically designed to address this theme, received consis-

tently high ratings once participants fully understood its functionality. Participants valued the

ability to translate the entire website into Spanish and Chinese, with many expressing excitement

about potential future language additions. One participant noted that the translation feature would

“make more people comfortable” by allowing users to browse the website in their native language.
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Parents particularly appreciated the potential for making complex information more accessible to

non-English speaking families.

Participants suggested several improvements for addressing language barriers. Many recom-

mended expanding the number of available languages, with specific requests for languages like

Hindi, Arabic, Malayalam, and Amharic. Some participants proposed implementing a more dy-

namic translation approach, such as pop-up translation options similar to those found in web

browsers. Others suggested adding more comprehensive language support, including translated

explanations for complex institutional terms and educational concepts. A key recommendation was

to ensure that not just the website, but also linked external resources (like scholarship applications or

school enrollment forms) could be easily understood by non-English speakers.

Theme 10: Motivational Storytelling

Participants evaluated how well the website addressed motivational storytelling with generally high

ratings, ranging from 6 to 10, with an average of 8.7. Most appreciated the tool’s approach to pre-

senting an encouraging narrative of educational opportunity. One parent gave it a 10, emphasizing

that the website’s language and structure felt inherently motivating. Another participant rated it

7, noting that while the concept was strong, there was potential for more dynamic storytelling ele-

ments.

The Scrollytelling and Community Connections features, specifically designed to address this

theme, received consistently positive ratings. Participants valued the step-by-step narrative approach

that guided users through the process of seeking educational opportunities. One participant high-
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lighted the testimonial section, stating that seeing success stories from families in similar situations

would be inherently motivating. Parents appreciated how the website’s design created a sense of pro-

gressive possibility, showing that upward mobility is achievable through informed decision-making.

Participants offered suggestions for enhancing motivational storytelling. Many recommended

making success stories more prominent, suggesting they could be integrated throughout the website

rather than relegated to a bottom section. Some proposed creating a more interactive storytelling

experience, such as a carousel of testimonials or a feature that allows users to filter success stories

by specific demographics or educational pathways. Others suggested adding more detailed, per-

sonal narratives that provide specific insights into how families overcame educational challenges. A

key recommendation was to develop a more dynamic way of presenting motivational content that

would capture users’ attention and provide immediate inspiration for pursuing educational oppor-

tunities.

3.6.3 Overall User Experience Feedback

Throughout the usability testing sessions, participants provided comprehensive insights into their

experience with the OpportunityViz prototype, highlighting its strengths, potential improvements,

and overall user experience.

Across all interviews, several features emerged as particularly valuable. The Personalized To-Do

List received widespread acclaim, with participants emphasizing its ability to provide clear, struc-

tured guidance for families often overwhelmed by complex educational decisions. One participant

noted that “most people don’t know where to start, and this gives them a structured approach.” De-
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mographic breakdowns were equally appreciated, especially by immigrant families seeking cultural

and community connections. Participants found the detailed ethnic, religious, and population data

crucial for making informed relocation decisions. The interactive opportunity map and school rank-

ing system also garnered significant praise, allowing families to quickly understand the educational

landscape of different areas.

Conversely, some features were identified as less impactful or requiring substantial improvement.

Job resources were consistently critiqued as generic, with participants suggesting more targeted job

search capabilities. The additional resources section was often viewed as potentially overlooked, and

some participants recommended more prominent integration or age-specific customization. The

initial “How CanWe Do Better” section was sometimes perceived as less actionable compared to

other, more specific website features.

Participants proposed several innovative additions to enhance the tool’s utility. A recurring sug-

gestion was to develop more targeted content and recommendations based on a child’s specific age

and educational stage. Many wanted more comprehensive job market information, including local

employment opportunities and potential earnings. Some parents requested expanded information

about athletic and extracurricular programs, while others suggested adding a social networking fea-

ture where families could share experiences and resources. Detailed college outcome information,

including graduation rates, typical career paths, and potential earnings, was also recommended.

Website navigation emerged as a significant strength of the OpportunityViz prototype. Partic-

ipants consistently rated navigation between 9 and 10 out of 10, praising the single-page design,

easy backtracking, clear step progression, and intuitive save and submit functions. However, some
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suggested improvements included more explicit guidance for address entry, clearer indication of

progress, and potential reorganization of certain sections.

Beyond specific features, participants offered broader feedback that highlighted the tool’s po-

tential. There was strong appreciation for its ability to help immigrant and low-income families

navigate complex educational and economic systems. Many expressed a desire for continued devel-

opment and public release, emphasizing the importance of making institutional information more

accessible. The overwhelming sentiment was one of recognition—that OpportunityViz addresses a

critical need for personalized, actionable guidance in navigating educational and economic opportu-

nities.

The tool’s unique approach to addressing educational mobility challenges was particularly note-

worthy. Participants saw it not just as a technical solution, but as a potential lifeline for families

seeking to improve their socioeconomic circumstances. The combination of personalized informa-

tion, clear actionable steps, and comprehensive community insights positioned OpportunityViz as a

promising resource for families navigating the complex landscape of educational opportunity in the

United States.

3.6.4 Summary Table and Analysis
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Table 3.5: Usability Testing Theme Ratings Across Participants

Theme Rating Range Average Rating Most Helpful Feature Key Improvement Sugges-
tions

Value of Education 6 - 10 8.3 School Listings Expand resources for
younger children

Need for Personalized Help 6 - 10 8.2 Personalization Quiz More health care, interest-
based resources

US Institutional Knowledge 7 - 10 8.3 Community Assessment Map More detailed metric expla-
nations

Proactive Opportunity Seeking 5 - 10 8.5 Stay and Improve Feature Age-specific pathway rec-
ommendations

Moving for Opportunity 7 - 9 8.3 Explore New Areas Enhanced job market infor-
mation

Cultural and Community Importance 7 - 10 8.5 Demographic Breakdowns More community event
information

Financial Constraints 5 - 10 8.2 Housing Options Comprehensive financial
planning resources

Resilience and Perseverance 6 - 10 8.3 Personalized To-Do List More motivational success
stories

Language Barriers 5 - 10 8.0 Translation Feature Expand language options
Motivational Storytelling 6 - 10 8.7 Scrollytelling & Testimonials More interactive story-

telling
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4
Discussion

4.1 Summary of Key Findings

This study found many interesting facts about how low-income immigrant families navigate socioe-

conomic mobility decisions and how visualization tools can better support them. We gained a valu-

able understanding of these families’ challenges and effective solutions through a six-phase research

process.
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Need-finding interviews revealed that immigrant families struggle with understanding U.S. sys-

tems, language barriers, and finding personalized information. Parents prioritized education for

mobility, but many lacked the institutional knowledge to navigate educational systems effectively.

Many relied on word-of-mouth rather than online resources due to accessibility and language chal-

lenges. This highlights a gap between available mobility data and those who need it most.

Thematic analysis identified ten key themes: the value of education, the need for personalized

help, the lack of U.S. institutional knowledge, proactive opportunity seeking locally, moving for

opportunity, cultural and community importance, financial constraints, resilience and perseverance,

language barriers, and motivational storytelling. These themes directly informed the development

of the OpportunityViz prototype.

Co-design sessions showed that families valued consolidated information but found online in-

terfaces overwhelming. Many parents had limited digital literacy and required their children’s as-

sistance with navigation. Parents strongly preferred practical, actionable information over abstract

data, particularly regarding schools, housing, and community resources.

Usability testing demonstrated high effectiveness, with most features receiving ratings between

7-10 across themes. The most successful features provided personalized, practical guidance while

acknowledging real-world constraints. The Personalized To-Do List turned complex processes into

manageable steps, Demographic Breakdowns helped identify cultural connections, and Housing

Options provided critical financial transparency.

Our research revealed several consistent patterns across all phases that fundamentally shaped our

understanding of effective mobility tools. Personalization proves essential for low-income families
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who need information tailored to their specific circumstances, family composition, and constraints

rather than generic data. Cultural connections significantly influence mobility decisions, with fami-

lies prioritizing communities where they can maintain cultural practices and find support networks.

Actionable guidance outweighs comprehensive data, with families valuing clear, practical steps over

complex visualizations that require interpretation. Multiple pathways are necessary to address di-

verse family situations, with both ”Stay & Improve” and ”Explore New Areas” options providing

flexibility when relocation isn’t feasible. Language accessibility fundamentally determines whether

families can effectively utilize resources, making multilingual features essential rather than optional.

These findings demonstrate a significant gap between mobility research and making this informa-

tion accessible to families needing it most. The OpportunityViz prototype represents a promising

approach to bridging this gap by combining comprehensive data with personalized, culturally sensi-

tive, and actionable guidance.

4.1.1 Addressing the ResearchQuestions

This study aims to answer three primary research questions: (1) How can we create effective so-

cioeconomic mobility tools for low-income families? (2) How effective is a user-centered design

approach in developing such tools? and (3) How can visualization tools bridge the gap between

academic mobility research and practical decision-making for disadvantaged families? Our findings

provide clear insights into all three questions.

Effective socioeconomic mobility tools for low-income families require several key characteris-

tics. They should provide personalized information based on family-specific circumstances rather
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than generic data, as shown by high ratings for features tailored to individual family profiles. These

tools must present information in accessible language and avoid academic terminology and complex

visualizations that might overwhelm users. They should acknowledge the real constraints facing low-

income families by offering dual pathways—improving local opportunities or exploring relocation—

recognizing that moving isn’t always feasible. Additionally, tools should translate complex data into

actionable steps, as demonstrated by the success of personalized to-do lists. Cultural sensitivity is

essential, particularly for immigrant families seeking communities with similar backgrounds. Finally,

multilingual access is fundamental, not optional, for tools targeting diverse populations.

The user-centered design approach proved highly effective in developing a tool meeting low-

income families’ needs. Our iterative process—from need-finding through thematic analysis, proto-

type development, co-design, enhancement, and usability testing—ensured user perspectives rather

than assumptions informed design decisions. The need-finding phase worked particularly well and

generated rich insights about family challenges and decision-making processes. The co-design phase

revealed unexpected challenges, as parents struggled with basic digital navigation, requiring us to

adjust our approach by having children assist their parents—a dynamic that ultimately informed our

design decisions. The final usability testing benefited from this insight, as we deliberately included

children in the testing process, creating a more realistic usage scenario. This approach revealed criti-

cal insights that might have been missed using traditional development methods. Co-design sessions

unexpectedly showed many parents had limited digital literacy and relied on children for naviga-

tion assistance which led to simplified interaction patterns and clearer guidance. Similarly, discover-

ing families’ prioritization of cultural connections enhanced the demographic breakdown feature,
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which might have been overlooked in approaches focusing solely on economic factors. Usability

testing confirmed the effectiveness of this approach with features developed directly from user input

receiving the highest ratings. The positive feedback across themes demonstrated that our iterative,

user-centered methodology successfully translated needs into functional features while identify-

ing surprising priorities—such as the preference for actionable guidance over comprehensive data

visualization—that diverged from approaches in existing mobility tools.

Visualization tools can effectively bridge the gap between academic mobility research and practi-

cal decision-making when they transform complex data into actionable guidance. The high ratings

for the Personalized To-Do List (8-10) and Housing Options (7-10) features indicate that success-

ful bridge-building requires concrete next steps rather than just data presentation. OpportunityViz

differs fundamentally from tools like the Opportunity Atlas in several ways: it provides step-by-step

guidance that mimics parents’ decision-making processes rather than presenting academic data; it

uses language and terminology accessible to non-experts; and it integrates personalized action steps

rather than expecting users to interpret data themselves. The research-practice gap narrows when

tools provide multiple pathways (both ”stay and improve” and ”explore new areas”), acknowledg-

ing real-world constraints that academic research often overlooks. Additionally, the successful im-

plementation of Demographic Breakdowns showed that bridging this gap requires incorporating

cultural and community factors alongside traditional economic metrics—dimensions often miss-

ing from academic mobility tools. The unexpected finding that parents relied on their children for

technological navigation further suggests that effective bridge-building tools must accommodate

collaborative family use rather than assuming individual interaction with academic information.
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4.2 Implications

4.2.1 Theoretical Implications

Our findings have significant theoretical implications for socioeconomic mobility research. They

support Chetty et al.’s work on geographic opportunity variation and reveal that families prioritize

immediate concerns like school quality, safety, and cultural connections over abstract metrics. Our

research also challenges ”moving to opportunity” assumptions by showing families value both ”stay

and improve” and ”relocation” pathways. This aligns with place-based investment research and

recognizes the importance of improving opportunities within disadvantaged neighborhoods.

Our work extends understanding of how technology bridges research-to-practice gaps in socioe-

conomic mobility. We demonstrate that the gap between academic knowledge and practical appli-

cation stems from issues of accessibility, relevance, and actionability. OpportunityViz’s successful

features illustrate how technology can translate complex research into formats that resonate with

users’ decision-making processes. This challenges conventional data visualization approaches by

showing users prefer simple, actionable visualizations over complex displays.

In human-computer interaction, our research reveals many immigrant parents rely on their chil-

dren for technological assistance, suggesting technology use should be conceptualized as collabora-

tive rather than individual. Our work also contributes to cross-cultural technology design theory by

highlighting howmobility tools must incorporate cultural dimensions alongside economic factors.

These implications point toward a more holistic, user-centered approach to socioeconomic mobility
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that recognizes the complex interplay of economic, social, cultural, and practical aspects in family

decision-making.

The study also advances theoretical understanding of research-practice translation in social sci-

ence. By demonstrating how abstract mobility research can transform into practical guidance, our

work contributes to emerging theories about knowledge mobilization—how research findings move

from academic contexts to practical applications. OpportunityViz serves as a case study in what

we might call ”translation design,” where visualization and interaction principles specifically make

complex social science research accessible and actionable for non-academic audiences. This has im-

plications for how researchers conceptualize their responsibility to make findings accessible beyond

academic publications.

4.2.2 Practical Implications

The development of OpportunityViz addresses significant limitations in current mobility tools by

prioritizing accessibility and actionability. Unlike the Opportunity Atlas, which presents complex

visualizations for researchers and policymakers, our prototype translates information into formats

accessible to families with varying educational backgrounds and technical literacy. It transforms ab-

stract mobility data into concrete action steps, providing specific recommendations for improving

local opportunities or exploring relocation options—a practical connection between information

and action missing from existing tools. Additionally, by incorporating demographic information,

cultural considerations, and community resources alongside traditional economic metrics, Opportu-

nityViz acknowledges the multifaceted nature of family decision-making.
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Tools like OpportunityViz address fundamental information asymmetries for low-income fami-

lies by providing centralized information that expands awareness beyond word-of-mouth networks.

The dual-pathway approach recognizes that not all families can relocate, helping themmaximize op-

portunities within current circumstances rather than feeling mobility is unattainable. This balanced

perspective provides agency and options where families might otherwise feel constrained, support-

ing both those who wish to improve their current situation and those considering relocation.

Our findings suggest several practical recommendations for future tool development: priori-

tize multilingual access from the beginning rather than as an afterthought; design for collaborative

intergenerational use; focus on actionable guidance over data comprehensiveness; incorporate com-

munity knowledge alongside institutional data; develop age-specific pathways reflecting different

priorities for families with younger versus older children; and ensure direct connections to relevant

resources like school enrollment processes or housing assistance programs. Addressing socioeco-

nomic mobility through technology requires more than making research data available—effective

tools must translate data into guidance and provide practical support that meets families where they

are.

For researchers and academic institutions, our work demonstrates practical approaches to bridg-

ing the research-practice gap through technology. The features that successfully translated complex

research into family-friendly guidance—personalized to-do lists, demographic breakdowns, and

dual pathway options—provide design patterns that could be applied to other domains where aca-

demic knowledge needs to reach broader audiences. This suggests a potential model for ”research

translation services” that could help academic institutions fulfill their public service missions by
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making their findings more accessible and actionable for diverse communities.

4.3 Limitations of the Study

Despite promising findings, this study has key limitations. Our sample of six parent-child pairs—all

first-generation, low-income Harvard College students—represents a specific subset of immigrant

families who’ve already achieved educational success. This selection bias excludes families facing

greater barriers. The small sample limits generalizability across diverse immigrant populations.

The prototype had technical constraints, with some features not fully functional during test-

ing. It relied on simulated data rather than actual neighborhood-specific information, limiting real-

world performance evaluation. The AI-generated content, while useful for quick prototyping, may

lack nuances needed for consequential family decisions.

Methodologically, we had to guide parents through the prototype rather than observe indepen-

dent navigation, potentially inflating perceived usability. Testing occurred in controlled environ-

ments, not during actual mobility decision-making situations with real constraints.

Our condensed research timeline prevented long-term evaluation of how families might use such

a tool during extended decision-making processes, which is particularly relevant since mobility deci-

sions typically unfold over months or years.

Resource constraints limited feature implementation, with planned language translation only

partially implemented and several co-design suggestions omitted due to time and technical limita-

tions.
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These limitations suggest caution in generalizing findings while pointing toward valuable direc-

tions for future research with larger, more diverse samples and more robust implementations.

4.4 Future ResearchDirections

This study reveals several promising research directions that build upon our findings. Future work

in this area can be organized into three main categories: technical enhancements, expanded research

questions, and methodological approaches.

4.4.1 Technical Enhancements

OpportunityViz could be enhanced through several technical improvements. Expanding the em-

ployment component with comprehensive job market data would provide families with more ac-

tionable information about economic opportunities in different regions. Developing a more interac-

tive AI assistant with voice recognition capabilities could address language barriers more effectively,

particularly for families with limited literacy or English proficiency. Implementing age-specific path-

ways would better serve families with children at different developmental stages, recognizing that

mobility considerations differ significantly based on children’s ages. By integrating real-time data

frommultiple sources—including school quality metrics, housing markets, employment opportu-

nities, and community resources—the tool could provide more comprehensive and current infor-

mation to support decision-making. Research partnerships with organizations like Opportunity

Insights could facilitate access to more granular mobility data which enhances the tool’s accuracy

and relevance for diverse family circumstances.
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4.4.2 ResearchQuestions

Key questions for future investigation would deepen our understanding of how families navigate

mobility decisions and how tools can better support them. Examining how digital literacy affects

families’ ability to utilize mobility information would help identify strategies to overcome techno-

logical barriers. Understanding how families balance economic opportunity against cultural connec-

tions could informmore culturally responsive tool design. Exploring children’s roles in family mo-

bility decisions recognizes the collaborative nature of family technology use observed in our study.

Evaluating different visualization approaches for communicating data to diverse audiences could

improve information accessibility across varying education and literacy levels. Measuring tools’ influ-

ence on actual mobility decisions through longitudinal studies would provide evidence of real-world

impact beyond laboratory testing. Investigating how to optimize the bridge between academic mo-

bility research and family decision-making could improve knowledge translation across domains.

Developing metrics to evaluate the effectiveness of research-to-practice tools would help establish

standards for this emerging field. Studying how different visualization approaches affect comprehen-

sion and action across diverse populations could informmore inclusive design practices that serve

families with varying backgrounds and capabilities.

4.4.3 Methodological Approaches

Future research would benefit from several methodological refinements and expansions. Testing

with more diverse participants, including non-elite families from various backgrounds, would ad-
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dress the selection bias in our current sample and improve generalizability. Conducting longitudinal

studies that track actual decision-making outcomes over time would provide stronger evidence of

tool effectiveness than single-session evaluations. Using mixed-methods approaches would capture

both quantitative impacts and qualitative experiences and offers a more complete picture of how

families engage with mobility tools. Employing remote research methods would enable inclusion

of geographically diverse participants which potentially revealing regional variations in mobility

challenges and information needs. Exploring howmobility tools interact with policy environments

could identify opportunities for integration with housing voucher programs, educational initiatives,

or place-based investments. Establishing research partnerships between academic institutions and

community organizations would support exploration of sustainable models for maintaining and

updating tools that translate research into practice, ensuring families continue to benefit from evolv-

ing mobility research. These methodological approaches would strengthen the evidence base for

technology-supported mobility interventions while advancing understanding of how digital tools

can address complex social challenges.

Together, these research directions can help develop more sophisticated, evidence-based ap-

proaches to supporting family mobility decisions. By addressing technical limitations, exploring

critical questions about family decision-making, and employing robust methodological approaches,

future research can build upon the foundation established in this study to create more effective tools

for bridging the gap between mobility research and family practice.
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4.5 Broader Impact

Tools like OpportunityViz that showcase socioeconomic mobility data could significantly impact

society by addressing information asymmetries that perpetuate opportunity gaps. While privileged

families leverage extensive resources when making location decisions, disadvantaged families of-

ten rely on limited information networks. Bridging this gap empowers low-income families to be-

come active decision-makers with a clearer understanding of opportunity structures, aligning with

capability-based approaches to social justice.

Our findings suggest several policy implications. First, coordinated information systems should

connect mobility research with practical resources. Second, policies should support both “stay and

improve” and “relocation” pathways rather than exclusively focusing on either approach. This bal-

anced strategy could include housing vouchers alongside community investment initiatives for dis-

advantaged neighborhoods.

Educational institutions should incorporate these insights by emphasizing cultural inclusivity

when recruiting diverse families and developing partnerships with mobility-focused tools to help

families navigate educational options more effectively. Our research highlights how informational

barriers compound other disadvantages facing low-income families and prevent access to existing

opportunities when families lack awareness of complex systems.

This work also addresses technological equity issues in our increasingly digital society. The obser-

vation that immigrant parents struggled with digital literacy while their children served as technolog-

ical intermediaries highlights intergenerational dynamics that should inform both technology design
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and digital equity initiatives. Finally, this research raises questions about researchers’ ethical respon-

sibilities to make findings accessible beyond academic audiences, suggesting tools bridging research

and practice can help fulfill research institutions’ social responsibilities, particularly when studying

issues affecting vulnerable populations.

More broadly, this research contributes to ongoing discussions about the accessibility of knowl-

edge in an information society. By demonstrating how complex socioeconomic research can be

translated into formats accessible to those most affected by mobility challenges, our work highlights

the potential for technology to serve as an equalizing force in knowledge distribution. When re-

search findings remain within academic circles or policy domains, their potential impact is limited.

Tools like OpportunityViz represent a model for how research translation can extend the reach and

impact of important social science insights, potentially contributing to more informed decision-

making among disadvantaged communities and, ultimately, more equitable outcomes in educa-

tional opportunity and economic mobility.
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5
Conclusion

This study explored how to develop effective socioeconomic mobility tools for low-income target

families through a user-participatory research design process. The resulting prototype, Opportuni-

tyViz, successfully addresses key needs identified in our research by providing personalized, accessi-

ble guidance that simplified complex mobility data into actionable recommendations.

Our findings revealed that effective mobility tools must balance several critical elements: present
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domain-based family-specific information; cultural sensitivity that acknowledges community con-

nections; visual interfaces that validate non-monetary aspirations; and language accessibility through

comprehensible translation options. These elements directly address gaps in existing tools like the

Opportunity Atlas, providing strong narratives and personalization rather than families making

comparative decisions about their child’s future.

The consistently high usability ratings across diverse users confirm our user-centered approach

effectively translated research insights into practical features. Participants particularly valued the

personalized ”to-dos,” demographic breakdowns, and housing options that provided accessible guid-

ance while acknowledging vast social constraints. The findings thus point to solutions that address

low socioeconomic status that are intertwined with barriers of language, education, and time con-

straints rather than merely technological interventions. While this study had limitations in sample

size, prototype functionality, and methodological approach, it provides a foundation for further

development and research. Future work should expand on these design guidelines, implement addi-

tional support features, and conduct the long-term impact on actual mobility decisions.

Ultimately, this research demonstrates how thoughtfully designed technology can bridge the gap

between academic mobility research and the families who could benefit most from these insights.

By making mobility information more accessible, tools like OpportunityViz have the potential to

empower disadvantaged families to make more informed decisions about their children’s futures,

contributing to greater educational equity and opportunity.*

*This thesis was developed with assistance from large language models including GPT-427 and Claude1,
which were used for drafting, editing, and reference formatting.
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