Urban Well-Being Through Data: A Pittsburgh Study

By: Becky Liu, Krish Mawalkar, Serena Yao

Advisors: Joel Greenhouse

Client: Gabriella Gonzalez, Kristen Kurland

Richard
King
Mellon
Foundation

METHODS

INTRODUCTION

This study investigates multiple dimensions of quality of life in downtown
Pittsburgh by developing and analyzing quantitative metrics related to housing,
public safety, and people’s sentiment. We set out to test whether downtown
Pittsburgh really “feels as unsafe as the stereotype suggests - and, if so, which
of our indicators drive that perception most strongly.

Research Questions:

1. Is there a difference 1in perception of downtown Pittsburgh after
2022-H1?
2. Can we create a measure of downtown Pittsburgh’s quality of life?

Workstream 1: Time-Series Analysis & Forecasting (ARIMA)
Workstream 2: Principal Component Analysis (PCA)

DATA

Data Sources

Allegheny Department of Human Services ~ Social Media Platforms
° Emergency Shelter Usage °
° Homelessness
° Jail Bookings & Releases

Reddit

PCA Data
Housing Category Public Safety Category Sentiment Category
gr(rllilrtg(e)rrllclif] | Shelters with
Shelter Children
Positive Attitude Negative Attitude
Unsheltered
Homelessness Jail Bookings Jail Releases

ARIMA Data

X data on tweets specifically discussing downtown Pittsburgh (from 2018 to 2024)

Feature Engineering Our Negative-Positive Sentiment Ratio Variable

Negative, Negative = mean(anger, sadness, fear) in week ¢.

, Where

Ratiot =

Positive, Positive, = mean(joy, love, surprise) in week .

Importance of this variable: we use weekly averages of this sentiment ratio variable (from 2018 to
2024) for our time-series analysis. A ratio value of 1 implies a neutral amount of sentiment, a value
greater than 1 implies a more negative sentiment, and a value less than 1 implies a more positive
sentiment, for any given weekly data point. This allows us to track whether sentiment 1s increasing
or decreasing over time.

WORKSTREAM 1: Time-Series Analysis

We use autoARIMA, a time-series model, to fit data from 06-2018
to 06-2022. The ‘auto’ part of the autoARIMA model selects the
optimal parameters to best forecast the sentiment ratio variable.
We then assess whether the true sentiment ratio values after the
training period lay outside the norm of what is predicted.

autoARIMA generated an ARIMA (1, 0, 0) Model, equating to an
AR(1), or a model with (only) an autoregressive component.

We then predict on the period after 06-2022 until 2024-09 (where
our frue sentiment ratio variable measurements end).

Why does this model matter? If the true data lies outside the
ARIMA’s confidence interval, there 1s evidence of a statistically

significant shift in negative perception of downtown Pittsburgh
after 06-2022.

X (Twatter), Yelp, and

WORKSTREAM 2: Principal Component Analysis

Construct PCA Model and Extract Loadings: we take our full, combined weekly
dataset, including shelter usage, unsheltered counts, jail bookings/releases, and

1 sentiment attitudes, and feed it into a single Principal Component.
@ c—:f Principal Component Analysis
Housing  Sentiment Public Safety

2 Compute six-month means: we bin the weekly data into half-year intervals and

calculate ij(6 mo) for each variable j.

Form six-month Composite Scores: we extract the variable loadings Ej . that tell us how
3 much each raw metric contributes to that component k’s direction. Using the formula:

Formula: Composite_PCk=

}(scaled_meanjx loadingj,PCk)
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ANALYSIS & RESULTS

Forecasting Downtown Pittsburgh Emotional
Trends on X: ARIMA Model (1, 0, 0)
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After fitting the ARIMA (1, 0, 0) model, the forecast indicates that the
sentiment ratio variable generally stabilized around or just below 1.0,
approximately near 0.7. We did not observe statistically significant
evidence of a shift in negative sentiment after 06-2022, since the true
data (green line) lies in the 95% confidence interval of the ARIMA
forecasted values. However, we noticed a visible upward drift in
observed sentiment ratio values post-forecast.

CONCLUSION

The first two components that
together explain 66 % of the total
variance.

PCA biplot neatly partisan three
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Sentiment vectors lie on the same
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switch sides between PC 1 & PC 2.

Six Month PCA Composites (2021.H2 — 2024.H2)
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PCA 1dentifies the orthogonal
directions of greatest variance; it
does not imply any causal linkage

Composite Score

between factors.

Serves as a data-reduction method
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