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Abstract
The link between objective facts and politically relevant beliefs is an essential mechanism for democratic

accountability. Yet the bulk of empirical work on this topic measures objective facts at whatever geographic

units are readily available. We investigate the implications of these largely arbitrary choices for predicting

individual-level opinions. We show that varying the geographic resolution—namely aggregating economic

data todifferent geographic units—influences the strengthof the relationshipbetweeneconomic evaluations

and local economic conditions. Finding that unemployment claims are the best predictor of economic

evaluations, especially when aggregated at the commuting zone or media market level, we underscore the

importance of the modifiable areal unit problem. Our methods provide an example of how applied scholars

might investigate the importance of geography in their own research going forward.

Keywords: modifiable areal unit problem, political geography, spatial politics, economic evaluations, parti-
sanship, random forest, model selection, machine learning, ecological inference

1 Introduction
How are economic evaluations influenced by the unemployment rate? How is social trust influ-

enced by ethnic diversity? How are concerns about crime related to the crime rate? Under-

standing the relationship between contextual phenomena and political opinions is central to

social scientific research. Yet researchers often rely on the available geographic units at which

contextual measures are aggregated with little attention paid to how this constraint influences

their conclusions.

In this letter, we combine geographically rich data with machine learning methods to demon-

strate that these choices carry nontrivial implications. Specifically, we show that the influence of

“local” measures of the economy on economic evaluations varies substantially depending on the

geographic unit at which we aggregate these contextual predictors. Substantively, in the face of a

growing consensus in the literature arguing that politics is increasingly nationalized, our results

emphasize the primacy of place in American politics.

In so doing, we highlight the continuing importance of the modifiable areal unit problem

(MAUP) to political scientists.1 The MAUP describes the statistical challenges associated with

aggregating data from individual points of interest to geographic units, thereby compressing

variation in the smaller units unless values were constant across them. The implications of using

a particular measurement unit can be divided into two categories: the rigidity of borders and the

salience of proximity. In contexts where geographic borders accurately demarcate differences in

quantities of interest—that is, state-level policies, pork targeting a congressional district, and so

on—the choiceofwhichgeographic unit to aggregate to is straightforward. Less understood is how

the lived experiences of individuals are defined by these borders (but see Ansolabehere, Meredith,

1 The modifiable areal unit problem is related to, but distinct from the ecological inference fallacy (Robinson 1950), that
is flawed inferences about individual-level relationships on the basis of aggregate data. See Section 4 in Supporting
Information for a discussion.
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and Snowberg 2014), yet these experiences are essential to accurately linking public opinion with

local contexts.

We investigate the importance of theMAUP in the context of economic evaluations—an increas-

ingly politicized dimension of opinion which presents a relatively hard test. We show that the

decision tomeasure local economic factors at one geographic unit versus another matters for the

empirical analysis of public opinion in terms of the overall model fit, the importance of contextual

factors versus partisanship, and even the regression coefficients relating the two. We hope that,

by underlining the degree to which these choices exert influence on the substantive conclusions

drawn regarding a seminal dimension of American politics, our letter revitalizes the attention paid

to this consequential decision in the data collection process, and stimulates innovations in the

sources of data used by scholars to describe the microfoundations of politics.

2 Data and Methods
We investigate the degree towhich an individual’s economic evaluation is predicted by contextual

measures of the economy, where such measures are aggregated to different units. We do so by

combining daily Gallup opinion data with local economic data based on tax returns from the

Internal Revenue Service.2

The daily Gallup surveys randomly sample 1,000 American adults living across the United

States, resulting in almost 1.7 million observations (respondents whose economic evaluations

wereelicited) for theperiodofour analysis (2008–2017).Weexamineour respondents’ assessment

of the country’s economic conditions, where respondents can choose one of “poor,” “only fair,”

“good,” or “excellent.” For each respondent we know their ZIP code of residence, allowing us to

geolocate themwith a high degree of accuracy.

We use an administrative data source—the federal U.S. tax authority—to obtain data at the

ZIP code level on objective economic conditions. Our primary contextual measures of interest

are the adjusted gross income (AGI) per return (logged thousands of dollars), unemployment

compensation per return (logged thousands of dollars + 1), and the Gini coefficient. In addition,

we control for the proportion of the population filing at each unit of aggregation. We provide a

detailed description of these variables in the Supporting Information.3

Using crosswalk and shape files, we then calculate all our measures of interest for the most

common geographic units available to researchers, summarized in Table 1. To match the place-

based data with individual-level opinions, we use the ZIP code of each respondent to place them

in the county where they live, their congressional district, their commuting zone, and so on.4

To evaluate the impact of the MAUP, we predict the evaluation of the economy y for a respon-
dent i living in location j in year t using individual-level covariatesXi t (age, race, education, gender,
marital status, self-reported income, and party ID), and contextual predictors Gj t (AGI, income

inequality, unemployment compensation, and proportion filing), along with year dummies 1t .

yi j t = f (Xi t ,Gj t ,1t ). (1)

We are substantively interested in the impact of the unit at which we aggregate these contextual

predictors Gj t on three metrics: overall model fit, variable importance, and partial correlations.

To calculate the first two metrics of interest, we implement a random forest method, which

relieves us of having to specify the correct functional form a priori. Overall model fit is calculated

2 Replication materials are available at Bisbee and Zilinsky (2021).
3 We underscore that because these are administrative data, they are less subject to the biases associated with the self-
reported income asked on surveys.

4 We recognize that the ZIP code is not the most precise unit but we are limited by data availability. A full description of
the choices and challenges of aggregating the samemeasures to different geographic units is presented in the Supporting
Information, Section 1.3.
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Table 1. Size statistics for the data in 2016.

Median Average Average

population population area (sqmi)

Census region 39,022,232 35,627,715 393,582

State 4,425,976 6,287,244 69,456

Designatedmarket area (DMA) 762,271 1,530,783 16,822

Congressional district 733,605 735,559 8,088

Commuting zone 121,438 452,895 5,003

County 25,660 102,137 1,127

Zip 4,334 11,069 88

Nation 323,127,513 3,540,144

Note:Measures do not include Alaska and Puerto Rico.

as themean squared error (MSE) of themodel’s predictions, and variable importance ismeasured

as thepercentdeterioration inMSEwhen informationcontained inaparticular variable is removed

via randomly reshuffling its values.5 To estimate partial correlations, we model economic evalua-

tions as a linear function of individual-level and geographic predictors via standard OLS.6

3 Does Geography Matter?
Webeginby investigatinghowthechoiceof geography influencesour ability topredict individuals’

views of the economy. Figure 1 plots the MSE of random forests that predict a respondent’s view

of the economy as a function of their individual-level covariates and contextual measures of the

economy. These contextual measures are aggregated to different geographic units, ranging from

the ZIP code to the Census subregion, indicated on the y-axis.
As the figure illustrates, the choice of the unit of aggregation matters for our ability to accu-

rately predict the public’s economic evaluations. However, while these differences are statistically

significant, their substantivemagnitude is small, corresponding to only 0.015 on a four point scale

(mean = 1.86, standard deviation [SD] = 0.79 over the period of analysis), or a 2.7% increase in

predictive accuracy when comparing the smallest and largest geographic units.

Just because these models perform better with contextual information aggregated to certain

geographic units, does not necessarily mean that contextual predictors are more important in a

substantive sense. To evaluate the impact of these choices on the predictive power of contextual

data, we turn to permutation tests of variable importance. Figure 2 plots the percent reduction

in MSE associated with breaking the empirical relationship between AGI, income inequality, and

unemployment compensation when aggregated to different geographic units.

Substantively, one might conclude that economic factors are unimportant when aggregated

to the state or region, particularly for local inequality. But we find evidence that these vari-

ables matter most when aggregated to the commuting zone or—in the case of unemployment

compensation—the designated market area, improving model accuracy by 5–10%. Furthermore,

with the exception of the Congressional District, the relationship between the size of the geo-

graphic unit and the importance of the contextual variables aggregated within its borders is

5 We prefer the more computationally expensive permutation method given its insulation from bias when comparing
continuous, categorical, and dichotomous predictors (Nicodemus et al. 2010), a benefit we illustrate with simulations in
the Supporting Information, Section 3.

6 We include a variety of alternative specifications, with andwithout fixed effects, and amultilevelmodel, in our Supporting
Information, Section 2.3.
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Region

State

DMA

District

C−Zone

County

Zip

0.53 0.54 0.55 0.56

MSE (1−4 Scale; 1 = Poor, 4 = Excellent)

Figure 1. Goodness ofmodel fit: mean squared error (MSE, x-axis) by unit of geographic aggregation (y-axis).

Gini
Inequality

Aggregate
Gross Income

Unemployment
Compensation

0.0 2.5 5.0 7.5 10.0 0.0 2.5 5.0 7.5 10.0 0.0 2.5 5.0 7.5 10.0

Region

State

DMA

District

C−Zone

County

Zip

% Reduction in MSE

Figure 2. Variable importance of income inequality (left), aggregate gross income (center), and unemploy-
ment compensation per return (right), aggregated to different geographic units (y-axes).

inverted U-shaped.7 These patterns are consistent with the theory presented in Ansolabehere,

Meredith, and Snowberg (2014) who argue that individuals choose information environments

subject to a bias-variance trade-off.8

4 Substantive Implications
Thus far, we have shown that the choice of aggregation matters to both model fit, and for the

importance of contextual-level predictors. However, are these differences large enough to change

substantively important relationships in our data? We investigate this question in two ways.

First, we again rely on random forest permutation tests to compare the importance of our

contextual measures to individual-level predictors. Figure 3 presents the variable importance of

the top 5 most important predictors as densities where the contextual measures are aggregated

at the commuting zone-level, highlighting that contextual measures are, in some cases, more

than twice as important as the most prognostic individual-level covariates (4% reduction in MSE

for Democrats versus an almost 9% reduction for unemployment claims). These patterns are

attenuated when aggregating to larger units, the results for which are included in our Supporting

Information.

Our second strategy for characterizing the substantive implications of these choices abandons

random forests in favor of a simpler linear regression. Specifically, we estimate the partial correla-

tionbetweenAGIandpositiveviewsof theeconomy, controlling for individual-level characteristics

7 We suspect that the weaker importance for contextual measures aggregated to the Congressional District likely reflects
gerrymandering, making these units particularly poor choices for measuring economic outcomes.

8 We re-analyzeAnsolabehere,Meredith, andSnowberg (2014) inourSupporting Information, finding that their results about
contextual unemployment rates are somewhat sensitive to the choice of the geographic unit of aggregation.
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Unemp Comp

> $120,000

18−24 yrs

4−Year College

Democrat

Female

Married

White

Indiv: Gender

Indiv: Marital

Indiv: Income

Indiv: Age

Indiv: Education

Indiv: Race

Indiv: Party ID

Context: 

0 4 8 12

% Reduction in MSE

Figure 3. Variable importance of individual and contextual predictors, aggregated to the commuting zone,
computedwith bootstrappedpermutation tests. Themost important variablewithin each category is labeled
and shaded.

Region

State

DMA

District

C−Zone

County

Zip

−0.02 0.00 0.02

Estimated Marginal Effect

Figure 4. Points are correlations between aggregate gross income (AGI) and positive views of the economy
measured at the individual level, conditioning on respondents’ demographic characteristics (including
partisanship). Each row displays a coefficient from a separate model. The units at which we aggregate AGI
are indicated on the y-axis.

and implementing year fixed effects.9 We vary the geographic unit at which we aggregate AGI and

present the coefficients along with two-standard-error bars in Figure 4.

We see again that the choice of the geographic unit influences the substantive conclusions one

would draw about the relationship between an objective measure of local economic conditions

and beliefs about the overall health of the American economy. We find that local income is

associatedwithmorepositive evaluationsof the economywhenaggregated to smaller geographic

units.10 But as we measure AGI at larger geographic units, we observe estimates that seemingly

suggest an insignificant association between economic conditions and evaluations of the econ-

omy. The choice of the unit of aggregation thus carries substantive implications when it comes to

examining whether and how economic reality covaries with evaluations of the economy.11

9 We divide AGI by the total number of tax returns filed to obtain a measure of average local income.
10 A 1-SD increase in average local income is associated with a 0.027-point increase on the economic evaluations scale when

aggregating to the ZIP code level.
11 We present a variety of alternative specifications in our Supporting Information, Section 2.3.
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5 Conclusion
Thequestion of how individuals incorporate contextual informationwhen formingpolitical beliefs

is of both theoretical and practical importance (Newman, Johnston, and Lown 2014). Substan-

tively, democracy’s normative appeal is predicated on the ability of individuals to perceive local

welfare andadjust their political opinions accordingly.Methodologically, assessing the competing

influence of objective facts and partisanmotivated reasoning requires accuratemeasures of each.

Recent work on the impact of contextual variables on politics has suggested that proximate

economic conditions have greater impact on public opinion than national economic outcomes

(Bisgaard, Dinesen, and Sonderskov 2016; Newman 2020) but the existing work does not system-

atically investigate the sensitivity of effect sizes to different geographic units of aggregation. In

this letter, we provide an evaluation of the choices researchers make when measuring objective

facts. Focusing our investigation on economic evaluations—an increasingly politicized dimension

of opinion (de Geus 2019)—we present a hard test of the importance of the MAUP in political

science.

We combine machine learning tools with a rich dataset to show that the choice of geographic

unit of aggregation has nontrivial consequences, demonstrating a monotonic decline in the

predictive accuracy of a random forest as we aggregate to larger units, and significantly weaker

correlation coefficients when estimating relationships using a linear regression. We also show

that contextual measures of income, inequality, and unemployment are the most important

predictors of an individual’s assessment of the economy when aggregated to the individual’s

commuting zone. These results attenuate at smaller and larger units of aggregation, an empirical

pattern consistent with the theory of “mecro-economic voting” (Ansolabehere, Meredith, and

Snowberg 2014) in which the optimal size of an individual’s information environment is defined

as a Goldilocks problem.

That we find meaningful differences in variable importance and model fit across the units

of aggregation underscores the care required when predicting individual-level outcomes with

contextual data. The toolswe apply to this question can be used in other contexts to guide applied

researchers when investigating the sensitivity of their results to these choices.
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