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Decisions to invest in human capital depend on people’s time preferences. This paper shows that differences in 
patience are closely related to substantial subnational differences in educational achievement, leading to new 

perspectives on long-standing within-country disparities. We use social media data—Facebook interests—
to construct novel regional measures of patience within Italy and the United States. The approach is first 
validated with a cross-country analysis of patience and Facebook interests. We then show that patience is 
strongly positively associated with student achievement across regions in both countries, accounting for three- 
quarters of the achievement variation across Italian regions and one-third across US states. The finding is 
confirmed in an identification strategy employing variation in ancestry countries of the current populations of 
US states. Results hold for six other countries with more limited regional achievement data. 
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ifferences in time preferences have been recognised as an important determinant of indivi-
ual investments in skills since the earliest human capital theory of Becker ( 1964 ). More recent
nalyses show that differences in patience are closely related to cross-country differences in edu-
ational outcomes and in the resulting differences in income and growth. But, investigation of the
ole of such fundamental preferences in explaining historically significant subnational variations
n education and incomes has been stymied by a lack of representative region-specific measures
f time preferences. We combine the massive data available from social media—specifically
acebook interests—with machine-learning algorithms to derive new regional measures of
atience. We find that patience has a significant role in accounting for within-country differences
n student achievement and, by implication, geographical variations in incomes and economic
rowth. 
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Many countries have large, long-standing regional differences in student achievement that
n turn affect regional income and growth (Hanushek and Woessmann, 2015 ; Hanushek et al. ,
017 ). Our analysis here focuses on Italy and the United States—two countries with achievement
ata for a large number of subnational regions showing persistent historical education and
ncome variations. 1 The differences in math achievement between the top- and bottom-performing
S states equal roughly two-thirds of the achievement differences between top- and bottom-
erforming countries in the OECD and are equivalent to over two years of learning. Similar
ifferences are found between the top- and bottom-performing regions in Italy. 

Patience, the relative valuation of present versus future payoffs, appears, not only in individual-
evel, but also in group-level decisions. Students weigh current gratification such as play time
ith friends against study time that may lead to deferred rewards. Communities trade off present

osts against future benefits when deciding how much to invest in school quality, how strongly
o motivate children to learn and whether to design institutions to incentivise learning. Test-
ng any hypothesised contribution of patience in affecting regional differences in educational
chievement, however, requires representative regional measures of preferences. 

A major innovation of this paper is demonstrating how social media data can be used to derive
ubnational measures of preferences. The fundamental idea, building on recent international
nalysis of culture by Obradovich et al. ( 2022 ), is that social media data contain information that
haracterises people’s underlying preferences such as patience at geographically granular levels.
his in turn permits investigation of previously unexplained place-based heterogeneity of skills.
For marketing purposes, Facebook has developed an algorithm to classify the ‘interests’ of over

wo billion users. We identify the 1,000 Facebook interests with the largest audiences worldwide
nd then use Facebook’s marketing application programming interface (API) to extract data on
he prevalence of these interests by country and subsequently by region. After reducing their
imensionality with a principal component analysis, we employ machine-learning techniques to
rain an international model that predicts the experimentally validated patience measure of the
lobal Preference Survey of Falk et al. ( 2018 ). 
We first validate the use of our Facebook-derived measure of patience for characterising

ducational outcomes through an international analysis that mimics existing investigations of
references and cross-country achievement (Figlio et al., 2019 ; Hanushek et al., 2022 ). 

We then use the parameters from the international Facebook analysis along with observed
egional Facebook interests to construct subnational patience measures across twenty Italian
egions and fifty US states. In both countries, the geographic pattern of the Facebook-derived
atience measure coincides with long-standing North–South economic disparities. Regional
ifferences in patience account for over three-quarters of the variation in student achievement
cross Italian regions and for over one-third across US states. In Italy, a one-SD higher regional
atience relates to 1.2–1.6-SD higher math achievement, only slightly lower than the cross-
ountry relationship. Possibly related to the substantial internal mobility, the equivalent US
stimate is about one-quarter that for Italy, albeit still statistically significant. 

Two analyses, while not conclusive, are in line with a causal interpretation of the descriptive
aseline association. First, in a cross-country analysis we consider differential outcomes for
igrants within each country based on the Facebook preferences of their origin country. By
© The Author(s) 2026.

1 The large North–South variation in Italy has raised substantial interest in policy and research (e.g., Putnam, 1993 ; 
chino and Maggi, 2000 ; Guiso et al ., 2004 ) and has been shown to be related to concepts of social preferences such as 
rust and social capital (Bigoni et al. , 2016 ), beliefs about cooperativeness (Bigoni et al ., 2019 ) and civicness (Michaeli 
t al ., 2023 ). 
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onditioning on fixed effects for the migrants’ countries of residence, we shield against unob-
erved features of students’ residence countries and against reverse causation from education
r ability to preferences (as suggested, e.g., by Dohmen et al., 2010 or Benjamin et al., 2013 ).
esults are qualitatively similar to the aggregate cross-country results. Compared to the inter-
ational analysis, the within-country estimation for Italy and the United States is less prone to
onfounding from unobserved national traits such as languages, constitutions and institutional
actors. Second, a complementary instrumental-variable approach goes further in the subnational
nalysis to address potential confounders. Ancestors of the current populations of the different
S states migrated from different countries, giving rise to variation in patience that is not jointly
etermined with other current state characteristics. Using the weighted patience level of the
ncestry countries as an instrument for states’ patience confirms a significant effect of patience
n student achievement of the same order of magnitude as the baseline model. 

Results are stable in robustness analyses that include using reading achievement, differentiating
y gender or assessment wave, adding risk-taking and trust as additional cultural-trait controls,
nd excluding education-related interests when deriving the patience measure from Facebook
nterests. Moreover, results are consistent for six additional countries where regional achievement
ata cover fewer grades or regions. The positive association between regional student achievement
nd Facebook-derived patience holds in the aggregate and is separately significant in five of
he additional countries—Brazil, Canada, Germany, Kazakhstan and Mexico—excluding only
pain. 
Our main contribution is showing how the well-established theoretical and empirical relation-

hip between patience and human capital accumulation can explain important parts of subnational
ifferences in skills. 2 Prior analyses have largely left persistent regional differences in skills and
ncome unexplained. 3 Our derivation of the regional patience measures further supports the
se of social media data in economic analysis of culture and social networks. 4 With our better
uantitative measures of more fundamental preference differences, it becomes possible to under-
tand portions of educational and economic outcomes that were previously listed as unexplained
eterogeneity. 

. Methods: Deriving Regional Patience Measures from Facebook Interests 

ith 2.9 billion monthly active users, Facebook is the world’s largest social network. Facebook’s
ore business consists of selling advertising space that provides 97.5% of its revenues. Hence,
acebook’s business model depends on its ability to keep users engaged on the platform while
dvertisers promote their products and services. To this purpose, Facebook puts considerable
ffort into inferring users’ interests (Thorson et al. , 2021 ), which is critical to our analysis . 
The Author(s) 2026.

2 Time preferences are important for economic development (Galor and Özak, 2016 ; Sunde et al ., 2022 ), and previous 
nalyses have shown that they are an important determinant of individual educational outcomes (Sutter et al ., 2013 ; 
olsteyn et al ., 2014 ; Polachek et al ., 2015 ; De Paola and Gioia, 2017 ; Castillo et al ., 2019 ; Galor et al ., 2020 ; Angerer 

t al ., 2023 ) and of international achievement differences (Figlio et al ., 2019 ; Hanushek et al ., 2022 ). 
3 Past studies consider proximate causes of regional skill differences such as family background, school spending 

nd institutional settings (e.g., Hanushek and Raymond, 2005 ; Woessmann, 2010 ; Dee and Jacob, 2011 ). Yet, most 
top without providing convincing explanations of more fundamental causes of the substantial on-going geographical 
ariations in outcomes (e.g., Hanushek, 2016 ). 

4 See, e.g., Wilson et al . ( 2012 ), Bailey et al . ( 2022 ), Chetty et al . ( 2022 ), Obradovich et al . ( 2022 ) and Marty and 
uhaut ( 2024 ). 

3 January 2026
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.1. Extracting Facebook Interests 

acebook determines users’ interests using a variety of sources, both inside the Facebook plat-
orm and on external websites (Caba˜ nas et al. , 2018 ; Obradovich et al., 2022 ). Sources inside
he Facebook platform include personal information that users share on Facebook, as well as
sers’ activity on Facebook, such as page likes, group memberships and content with which
sers engage. Outside the platform, Facebook tracks users’ visited websites, installed apps and
urchasing behaviour. Facebook uses these data to deliver content and recommendations based
n users’ interests and to allow advertisers to target users whose interests are relevant for their
roducts and services. 

The hundreds of thousands of interests classified by Facebook are organised in nine main
ategories: business/industry, entertainment, family/relationships, fitness/wellness, food/drink,
obbies/activities, shopping/fashion, sports/outdoors and technology. Interests can be very broad,
uch as ‘Entertainment’ or ‘Music’, or very narrow, such as ‘Caribbean Stud Poker’, a casino
ame. Online Appendix Figure A1 depicts the 1,000 Facebook interests with the largest world-
ide audience. 
Following Obradovich et al. ( 2022 ), we retrieve Facebook interest data in two steps. First, we

btain a comprehensive list of Facebook interests by querying Facebook’s marketing API, the
nterface that allows advertisers to configure their advertisement campaigns. Per text query, the
PI returns a collection of closely related Facebook interests with their estimated worldwide

udience. We iteratively feed this function with all 25,322 terms of an English dictionary and
,000 randomly selected titles of Wikipedia articles. This procedure produces 41,513 unique
nterests from which we select 1,000 with the largest worldwide audience. 5 

Second, for each of the 1,000 interests, we again use Facebook’s marketing API to obtain the
stimated audience size separately for each country in which Facebook has a presence, as well as
or each Italian region and US state. The audience size reflects the entire user population, rather
han any specific subgroup such as parents or students, because we attempt to develop proxies
or prevailing national or regional preferences. The population of Facebook users may not be
epresentative for the entire population, but our method builds on the Facebook data’s ability to
redict a patience measure collected in representative samples. For each geographical entity, the
rocess yields a vector of estimated audiences for each of the 1,000 interests. We standardise
he estimated audience to mean zero and SD one across the 1,000 interests in each geographical
ntity. 6 

.2. Predicting Country Patience from Facebook Interests 

e first construct a country-level Facebook measure that we use to validate the overall approach
f going from Facebook interests to patience. In the next section, we follow a conceptually similar
pproach to developing the subnational measures that are the heart of our analysis. 

We build our Facebook measure of patience through country-level preferences developed in the
lobal Preference Survey (GPS) from representative population samples in seventy-six countries

Falk et al. , 2018 ). The GPS collected experimentally validated measures of patience (and other
© The Author(s) 2026.

5 We use 1,000 interests to make the data collection manageable. During data collection between April 2022 and May 
023, the API allowed a maximum of 300 queries per hour. For example, the over 50,000 queries for the US states take 
ore than seven days of uninterrupted queries. 
6 Dividing the Facebook audience counts by population or Facebook users in each geographic entity yields the same 

ualitative results. 

https://academic.oup.com/ej/article-lookup/doi/10.1093/ej/ueaf045#supplementary-data
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references) by combining a qualitative survey item and a hypothetical choice scenario that were
hosen based on their capacity to predict incentivised choices in a laboratory setting. 

We begin by reducing the dimensionality of Facebook interests by a principal component
nalysis (PCA) over the sample of all 216 Facebook countries/entities. The first ten princi-
al components (PCs) capture 70% of the total cross-country variance contained in Facebook
nterests, twenty PCs capture 80% and 48 PCs capture 90% ( Online Appendix Figure A2 ). 

We then train a machine-learning model to characterise the relationship between the country-
evel PCs of Facebook interests and the GPS measure of patience across the seventy-four countries
hat have both GPS and Facebook data ( Online Appendix Table A1 ). 7 Using a ten-fold cross-
alidated least absolute shrinkage and selection operator (LASSO) model, the R2 of the in-sample
rediction of patience by the reduced-dimensionality Facebook interests is quite stable between
.65 and 0.70, independent of whether 10, 20 or 50 PCs are used ( Online Appendix Figure A3 ).

We use the parameters from the machine-learning model to predict patience for all eighty
ountries with both Programme for International Student Assessment (PISA) and Facebook data
 Online Appendix Table A1 and Online Appendix Figure A4 ). Given the limited size of the
raining sample used, we rely on the parsimonious specification with ten PCs for the out-of-
ample predictions to avoid overfitting. 

The beauty of this approach is its ability to capture latent components of users’ underlying
egree of patience. The procedure does not lend itself to identifying specific interests as main
redictors of the GPS patience measure, because any single Facebook interest can load positively
r negatively on different PCs that enter the patience prediction. 8 However, if we correlate our
acebook-derived patience measure with the individual Facebook interests, terms such as dogs,
utdoor recreation, adventure, holiday, painting, wildlife and garden consistently show up among
he strongest positive correlations, whereas free software, WhatsApp, Facebook Messenger,

assively multiplayer online role-playing games and the like show up as negative. Among leisure
ctivities (which are broadly represented by Facebook), the former patience-related interests may
ndicate valuation of longer-term future rewards, whereas the latter interests may proxy for instant
ratification. Still, not all interests with strong correlations are easily interpretable, which aligns
ith the idea of picking up latent factors that are not well measured by individual Facebook

nterests. The Facebook-derived measure of patience can obviously be associated with regional
ifferences in all sorts of other measures such as money, intelligence or motivation—but, by
onstruction, only to the extent that these are associated with patience as measured in the
PS. 
We perform the same training and prediction models for risk-taking, another preference with

elevance for intertemporal decision-making contained in the GPS and previously found to enter
nternational student achievement (Hanushek et al. , 2022 ). The R2 of the in-sample prediction for
isk-taking is lower than for patience ( Online Appendix Figure A3 ), indicating that risk-taking
s harder to predict from Facebook interests. 9 
The Author(s) 2026.

7 The GPS measure is standardised to have mean zero and SD one across individuals in the GPS countries, so that 
stimates in our subsequent analyses can be interpreted in terms of SDs. 

8 Obradovich et al. ( 2022 ) showed that direct prediction of cultural measures from individual Facebook interests 
enerally provides worse predictions than using PCs. 

9 For other GPS preferences, the R2 of the in-sample prediction is even lower at about 0.35 for trust and at most 0.2 
or altruism, positive reciprocity and negative reciprocity (see also Obradovich et al ., 2022 ). 

uary 2026
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Fig. 1. Measure of Patience Derived from Facebook Interests for Italian Regions and US States. 
Notes: The figure shows maps of the Facebook-derived measure of patience obtained with four PCs for 

Italian regions (panel (a)) and US states (panel (b)). Each colour corresponds to a decile of the distribution 
of patience within each country. Darker colours denote higher levels of patience. 
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.3. Predicting Regional Patience from Facebook Interests 

ur primary analysis builds on the development of subnational variations in patience. In parallel
o the cross-country analysis, we reduce the dimensionality of Facebook interests using a PCA
t across regions within a given country. Fitting the PCA at the subnational level ensures that

he PCs capture country-specific dimensions of Facebook interests. For both Italian regions and
S states, the first four PCs capture over 70% of the regional variance in Facebook interests

 Online Appendix Figures A5 and A6 ); 90% of variance is captured by ten PCs in Italy and
fteen PCs in the United States. 
Separately for Italy and the United States, we train a ten-fold cross-validated LASSO model

o learn the relationship between the GPS measure of patience across countries and the Facebook
nterests aggregated by the parameters of within-country PCs. 10 A small number of PCs capture
 considerable portion of the variation in the GPS patience measure. With ten PCs, the R2 of the
n-sample prediction reaches 0.5 for PCs fitted across Italian regions and over 0.6 for PCs fitted
cross US states ( Online Appendix Figures A7 and A8 ). 

We use the parameter estimates from the two internationally trained models to construct
atience measures from the subnational Facebook interests of Italian regions and US states.
igure 1 shows maps of the regional variation of patience in the two countries. In Italy, the
egions with the lowest patience measure are Sicily and Campania in the South. The region with
he highest level of patience is Trentino-Alto-Adige in the North-East. 11 In the United States, the
© The Author(s) 2026.

10 We focus on all seventy-four countries with GPS and Facebook data to maximise the sample size for the machine- 
earning algorithm. However, results are quite similar if we instead only use the twenty-five OECD countries in the 
raining model: the correlation among the two versions is 0.981 for Italian regions and 0.974 for US states, and qualitative 
esults do not change for our main regression analysis. 

11 Interestingly, parts of Trentino-Alto-Adige belonged to Austria and the former Austro-Hungarian empire for long 
eriods of time, and large parts of the population speak German as their first language. The high level of predicted 
atience in Trentino-Alto-Adige is consistent with the fact that neighbouring Austria has much greater patience than Italy 
ccording to the country-level GPS measures, adding qualitative support for the Facebook-derived measure. 

ry 2026
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tates that exhibit the highest level of patience are Vermont and Maine in the North-East. Both
ountries tend to show a North–South gradient in the Facebook-derived measure of patience. 

A similar prediction model for risk-taking performs substantially worse. The R2 of the in-
ample prediction is well below 0.2 for all models with up to ten PCs in both Italy and the
nited States (see Online Appendix Figures A7 , A8 and A9 ). We include risk-taking as a control
ariable throughout, given its interrelatedness with patience, but its poor measurement at the
egional level means that the estimates for patience are likely lower bounds. 12 

One way of directly validating our Facebook-derived patience measure is to compare it to
egional GPS data. The GPS data contain regional identifiers that allow construction of non-
epresentative regional GPS measures of patience (Sunde et al., 2022 ). These are very noisy due
o the small regional GPS sample sizes, averaging fifty individuals per Italian region and twenty
er US state. Nonetheless, they are positively correlated with our measure (weighted by the
umber of GPS observations per region): 0.49 (significant at the 5% level) across Italian regions
nd 0.23 (significant at the 10% level) across US states. 

. Cross-Country Results 

he cross-country patience measures based on Facebook data allow us to validate whether
acebook interests can provide reliable estimates of geographically varying degrees of patience.
hey also provide some insights into the causal structure of the cross-country pattern of patience
nd achievement. 

.1. Cross-Country Validation of Using Facebook Interests to Measure Patience 

o validate our Facebook-derived measures of patience and risk-taking, we estimate their re-
ationship with standardised student math achievement across countries for all seven available
aves of the PISA from 2000–18 (see Hanushek et al., 2022 ): 

Tict = β1 Patience c + β2 Ri s kc + α1 B ict + μt + εict . 

ere Tict is the standardised PISA test score of student i in country c in year t ; B is a vector
f controls (student gender, age and migration status); the μt are fixed effects for test waves
o account for time trends and idiosyncrasies of individual tests; εict is an error term; β1 and

2 characterise the relationship of patience and risk-taking at the country level with student
chievement. OLS regressions are weighted by students’ sampling probability, giving equal
eight to each country. SEs are clustered at the country level. 
The comparison model from Hanushek et al. ( 2022 ) uses the original GPS measures and shows

 strong positive relationship between patience and student achievement and a strong negative
elationship with risk-taking (column (1) of Table 1 , panel A). Substituting our Facebook-derived
reference measures (column (2)) produces slightly larger preference parameters and corroborates
he validity of the Facebook-derived measures. 13 

Out-of-sample predictions allow us to extend the analysis of the Facebook-derived measures
f patience and risk-taking from forty-eight to eighty countries—all countries that participated
The Author(s) 2026.

12 In the cross-country analysis, patience and risk-taking are positively associated, and risk-taking is negatively 
ssociated with achievement, leading to negative bias (Hanushek et al ., 2022 ). 

13 The estimates rely on ten PCs of Facebook interests, but results are very similar when using additional (20–50) PCs 
 Online Appendix Table A2 ). 

https://academic.oup.com/ej/article-lookup/doi/10.1093/ej/ueaf045#supplementary-data
https://academic.oup.com/ej/article-lookup/doi/10.1093/ej/ueaf045#supplementary-data
https://academic.oup.com/ej/article-lookup/doi/10.1093/ej/ueaf045#supplementary-data
https://academic.oup.com/ej/article-lookup/doi/10.1093/ej/ueaf045#supplementary-data
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Table 1. Patience, Risk-taking and Student Achievement: 
Cross-Country Validation Exercise. 

Facebook measure (ten PCs) 

GPS 
measure 

Original 
sample 

Extended 
sample 

Non-GPS 
sample 

(1) (2) (3) (4) 

Panel A. Cross-country analysis 

Patience 1 .225∗∗∗ 1 .684∗∗∗ 1 .722∗∗∗ 1 .771∗∗∗
(0 .132) (0 .135) (0 .119) (0 .210) 

Risk-taking −1 .229∗∗∗ −1 .359∗∗∗ −1 .537∗∗∗ −1 .660∗∗∗
(0 .188) (0 .310) (0 .254) (0 .388) 

Control variables Yes Yes Yes Yes 

Observations 1,954,840 1,954,840 2,660,408 705,568 
Residence countries 48 48 80 32 
R2 0 .200 0 .210 0 .220 0 .241 

Panel B. Migrant analysis 

Patience 0 .957∗∗∗ 0 .805∗∗∗ 0 .902∗∗∗ 1 .766∗∗∗
(0 .115) (0 .182) (0 .205) (0 .481) 

Risk-taking −0 .315∗∗ −0 .677∗∗ −1 .221∗∗∗ −3 .531∗∗∗
(0 .124) (0 .278) (0 .350) (0 .549) 

Control variables Yes Yes Yes Yes 
Residence country by wave FEs Yes Yes Yes Yes 

Observations 78,403 78,403 90,983 12,580 
Countries of origin 56 56 93 37 
Residence countries 46 46 50 34 
R2 0 .280 0 .272 0 .298 0 .310 

Notes: The dependent variable is the PISA math test score. Least-squares regressions. 
Panel A: all PISA waves 2000–18; weighted by students’ sampling probability. Panel B: 
waves 2003–18; students with both parents not born in the country where the student 
attends school; including 180 fixed effects for each residence country by wave cell. Control 
variables: student gender, age and migration status, imputation dummies and wave fixed 
effects in panel A; student gender, age, dummy for OECD country of origin and imputation 
dummies in panel B. Robust SEs adjusted for clustering at the country level (migrant 
analysis: country of origin) are reported in parentheses. Significance level: ∗∗∗ 1%, ∗∗ 5%. 
Source: PISA international student achievement test, 2000–18; Falk et al. ( 2018 ); own 
elaboration of Facebook data. 
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n PISA and have Facebook data—encompassing over 2.6 million student observations. Results
eneralise very well to the extended sample, with increased precision and without significantly
ifferent estimates (column (3)). Even in the thirty-two countries that were not part of the original
PS analysis, results are qualitatively the same and statistically highly significant (column (4)). 

.2. Exploration into Causality: Migrant Analysis 

e also validate our measures with an analysis of migrant students that aims to get closer to a
ausal interpretation of the cross-country relationship between patience and student achievement.
he most significant threats to identification of the preference effects are that the relationships
re driven by reverse causation or by other factors of the country of schooling. We restrict the
ISA analysis to students with a migrant background and assign them the values of patience and
isk-taking of their home countries—an approach that avoids bias from reverse causation (see
© The Author(s) 2026.
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iglio et al. , 2019 ; Hanushek et al., 2022 ). 14 By observing migrant students from different origin
ountries, but schooled in the same residence country, we can include fixed effects for residence
ountries that control for other resident country factors that could bias the baseline cross-country
nalysis. 

Migrant results in panel B of Table 1 show that the prior positive patience relationship and the
egative risk-taking relationship again replicate well. 15 When restricting the sample to non-GPS
ountries (column (4)), estimates become quite imprecise (and larger), indicating limited power
f the migrant analysis in the smaller sample. 16 

The cross-country migrant analysis further validates the informational content of the Facebook-
erived measures and suggests a causal interpretation. 

. Subnational Results: Italian Regions and US States 

ur subnational empirical model follows the cross-country model introduced in the previous
ection. We think of patience as a deep determinant of student achievement, leading us to employ
ery parsimonious specifications of achievement differences. From this perspective, proximate
nputs often included in education production functions such as parental education or school
esources would be bad controls as they are endogenous to a region’s patience. 

Regionally representative data on student achievement come from student-level INVALSI test
ata for Italy and from state-level NAEP data for the United States and refer to the last waves
efore the COVID-19 pandemic (see Online Appendix A for details). 17 We initially focus on
ath achievement in eighth grade, the oldest cohort available in both countries and closest in

ge to PISA. To allow for interpretation in terms of SDs, we divide test scores by each country’s
tudent-level SD. 

.1. Achievement across Italian Regions 

he long-standing North–South divide among Italian regions invites investigation of fundamental
riving forces. Because the schooling system is regulated mostly at the country level, test score
ariations across regions are unlikely to be driven by the institutional structure of schools. 

Regional differences in patience are strongly and significantly associated with student achieve-
ent. Student-level results in panel A of Table 2 show that a one-SD increase in regional patience

s associated with an increase in math test scores of 1.40–1.61 SDs, which is close to the cross-
ountry estimates reported in Table 1 . Measuring patience with 4, 7 or 10 PCs of Facebook
nterests has little impact. 

Differences in patience account for over three-quarters of the aggregate regional variation in
tudent achievement (panel B of Table 2 ; see Online Appendix Figure A10 ). 18 Point estimates of
he region-level analysis are very similar, albeit slightly smaller than in the student-level analysis.
The Author(s) 2026.

14 Prior analysis suggests that migrant children obtain some of the preferences of their country of origin through 
amily linkages (e.g., Guiso et al ., 2006 ; Bisin and Verdier, 2011 ; Alesina and Giuliano, 2014 ). 

15 With the Facebook data, we expand the countries of origin considered in the migrant analysis from fifty-six to 
inety-three (see Online Appendix Table A3 ). The destination countries increase only from forty-six to fifty because 
ome PISA countries do not report students’ and parents’ countries of birth required to determine migrants’ country-of- 
rigin preferences. 

16 Results of the migrant analysis are again stable for patience when using 20–50 PCs ( Online Appendix Table A4 ). 
17 INVALSI stands for Istituto Nazionale per la Valutazione del Sistema Dell’Istruzione and NAEP for National 

ssessment of Educational Progress. 
18 The R2 is virtually unchanged when wave fixed effects and risk-taking are excluded from the model. 

uary 2026

https://academic.oup.com/ej/article-lookup/doi/10.1093/ej/ueaf045#supplementary-data
https://academic.oup.com/ej/article-lookup/doi/10.1093/ej/ueaf045#supplementary-data
https://academic.oup.com/ej/article-lookup/doi/10.1093/ej/ueaf045#supplementary-data
https://academic.oup.com/ej/article-lookup/doi/10.1093/ej/ueaf045#supplementary-data
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Table 2. Patience and Student Achievement: Subnational Analysis for 
Italy and the United States. 

Four PCs Seven PCs Ten PCs 
(1) (2) (3) 

Panel A. Italy (individual level) 

Patience 1 .614∗∗∗ 1 .398∗∗∗ 1 .495∗∗∗
(0 .173) (0 .107) (0 .107) 

Control variables Yes Yes Yes 
Wave FEs Yes Yes Yes 

Observations 59,034 59,034 59,034 
Regions 20 20 20 
R2 0 .095 0 .100 0 .101 

Panel B. Italy (regional level) 

Patience 1 .370∗∗∗ 1 .201∗∗∗ 1 .284∗∗∗
(0 .169) (0 .086) (0 .089) 

Wave FEs Yes Yes Yes 

Observations 40 40 40 
Regions 20 20 20 
R2 0 .771 0 .843 0 .852 

Panel C. United States (state level) 

Patience 0 .293∗∗∗ 0 .172∗ 0 .291∗∗
(0 .089) (0 .096) (0 .131) 

Wave FEs Yes Yes Yes 

Observations 153 153 153 
Regions 51 51 51 
R2 0 .360 0 .348 0 .364 

Notes: In panels A and B the dependent variable is the INVALSI eighth-grade math test 
score in waves 2018 and 2019; in panel C the dependent variable is the NAEP eighth-grade 
math test score in all NAEP waves 2015–19. Least-squares regressions with wave fixed 
effects. Unit of observation: student in panel A; region-wave combination in panel B; state- 
wave combination in panel C. Patience measured at the regional/state level throughout. 
Columns (1)–(3) use the patience measure computed with 4, 7 and 10 PCs, respectively. 
Regressions control for risk-taking computed with the equivalent number of PCs. Addi- 
tional control variables (panel A): student gender, age and migration status; imputation 
dummies. The Italian region of Trentino-Alto-Adige is represented by the two municipali- 
ties of Bolzano and Trento. Robust SEs adjusted for clustering at the regional (state) level 
are reported in parentheses. Significance level: ∗∗∗ 1%, ∗∗ 5%, ∗ 10%. 
Source: INVALSI mathematics achievement test, 2017–19; NAEP mathematics achieve- 
ment test, 2015–19; own elaboration of Facebook data. 
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The results are also consistent with a cumulative impact process: coefficient estimates at the
tudent level increase continuously from an insignificant 0.31 SDs in second grade to a highly
ignificant 1.88 SDs in tenth grade ( Online Appendix Table A5 ). Region-level estimates are
gain quite similar. While other mechanisms may additionally be at play, the role of patience
uggestively adds up across grades (see also Figlio et al., 2019 ). 

.2. Achievement across US States 

atience is also significantly associated with higher student achievement at the US state level and
ccounts for slightly more than one-third of the state NAEP variation (panel C of Table 2 ). 19 A
© The Author(s) 2026.

19 The sample for Table 2 includes Washington, DC, but results are similar when it is excluded (not shown). 

https://academic.oup.com/ej/article-lookup/doi/10.1093/ej/ueaf045#supplementary-data
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ne-SD increase in the Facebook-derived measure of patience is associated with an increase of
.17–0.29 SDs in test scores. 

The cross-state impact of patience is only about one-quarter of that estimated for Italian
egions. One possible explanation is that the population in the United States is substantially
ore mobile and mixed. In 2019, 42% of the US population lived in a state different from their

tate of birth, suggesting that state cultural differences likely lessen over time. But, the lower
xplanatory power of patience for US states also suggests a wider range of other factors affecting
chievement, such as compensatory state education policies. 

The impact of patience in fourth grade is only about half the size as in eighth grade (panel C
f Online Appendix Table A5 ). This is again consistent with a cumulating impact of patience,
ut a variety of other reasons could also be at play. 

.3. Robustness Analysis 

esults prove stable for Italy and the United States in a series of robustness analyses. We
ummarise the various tests here and provide details in Online Appendix B . 

Both in Italy and the United States, there are no significant overall gender differences. The
mpact of patience on reading is very similar to that for math, albeit with slightly smaller
oint estimates. All prior results hold, not only for the different pre-COVID assessment waves
eparately, but also for the post-COVID period. Additionally, when we consider other preferences
rom GPS, only trust is reliably estimated by Facebook interests, but including trust in the models
eaves the patience results unchanged. 

A potential methodological concern is that the 1,000 Facebook interests used to construct the
atience measures contain interests that are directly related to education, possibly introducing
ndogeneity in the Facebook-derived patience measure to educational outcomes. We exclude
eventeen Facebook interests directly related to education from the construction of our patience
easure. The alternative subnational patience measures are correlated above 0.998 both for

talian regions and US states, and the estimated impact of measured patience on achievement
ardly changes. 

Using the individual-level data in Italy, we can confirm that the estimated impact of patience is
arger for native students than for migrant students. Results also hold when excluding Trentino-
lto-Adige whose sample is not representative for the entire region and whose German-language
opulation might limit comparability. Italy also participated with a regionally representative
ample in the international PISA test in 2012, and we find that results hold equally well with
his alternative achievement test. Finally, results are also robust in an analysis of unobservable
election and coefficient stability proposed by Oster ( 2019 ). 

.4. Exploration into Causality: Patience in Ancestry Countries of US State Populations 

he previous analysis of patience and subnational differences in human capital has been descrip-
ive. Concerns about causal interpretation could emerge if patience of the regional population
s affected by the region’s human capital (reverse causation) or if regional patience is jointly
etermined with other regional factors that are important for educational achievement (omitted
ariables). For the cross-country analysis, our investigation of migrants in Section 2.2 addresses
hese main concerns of endogeneity. The within-country analysis is less prone to bias that may
rise from national factors such as languages, laws and institutional settings, and our robustness
The Author(s) 2026.

https://academic.oup.com/ej/article-lookup/doi/10.1093/ej/ueaf045#supplementary-data
https://academic.oup.com/ej/article-lookup/doi/10.1093/ej/ueaf045#supplementary-data
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Table 3. Patience and Student Achievement across US States: Using Ancestry Information as 
Instruments. 

First stage Second stage 

Reduced form Four PCs Seven PCs Ten PCs Four PCs Seven PCs Ten PCs 
(1) (2) (3) (4) (5) (6) (7) 

Ancestry patience 0 .945∗∗∗ 3 .617∗∗∗ 3 .605∗∗∗ 2 .143∗∗∗
(0 .349) (0 .306) (0 .283) (0 .229) 

Patience 0 .261∗∗∗ 0 .221∗∗ 0 .372∗∗
(0 .096) (0 .090) (0 .156) 

Wave FEs Yes Yes Yes Yes Yes Yes Yes 

Kleibergen–Paap Wald 
F -statistic 

139 .321 161 .733 87 .387 

Observations 153 153 153 153 153 153 153 
Regions 51 51 51 51 51 51 51 
(Centered) R2 0 .518 0 .503 0 .502 0 .469 

Notes: In columns (1), (5)–(7) the dependent variable is the NAEP eighth-grade math test score in all NAEP waves 
2015–9; in columns (2)–(4) the dependent variable is patience. Unit of observation: state-wave combination. Patience 
measured at the state level throughout. Column headers indicate the number of PCs used to compute the patience measure. 
Regressions control for risk-taking computed with the equivalent number of PCs and for the share of missing ancestry 
information. Robust SEs adjusted for clustering at the state level are reported in parentheses. Significance level: ∗∗∗ 1%, 
∗∗ 5%. 
Source: NAEP mathematics achievement test, 2015–19; ACS; own elaboration of Facebook data. 

a  

B
 

a  

c  

(  

g  

t  

p  

d  

s  

v
 

o  

a  

p  

a
 

t  

(  

f  

c
r
t
a

D
ow

nloaded from
 https://academ

ic.oup.com
/ej/article/136/673/335/8168471 by Stanford U

niversity user on 23 January 2026
nalysis showed that the subnational results are robust to conditioning on other cultural traits.
ut, other threats to identification remain. 
To explore further the empirical relevance of any remaining endogeneity bias, we look into the

ncestry of US residents. The ancestors of current US state populations migrated from different
ountries, suggesting that time preferences of current residents have varying historical roots
Galor and Özak, 2016 ; Becker et al. , 2020 ) that may partly be handed down from generation to
eneration within families (Bisin and Verdier, 2011 ; Alesina and Giuliano, 2014 ). This suggests
hat the levels of patience of the countries from which the ancestors migrated can potentially
roxy the patience of each state’s current population while neither being affected by nor jointly
etermined with other current characteristics of US states. We therefore employ an identification
trategy that uses patience in the ancestry countries of US states’ populations as an instrumental
ariable (IV) for our Facebook-derived measure of patience in the US states. 

Demographic data from the American Community Survey (ACS) include ancestry or ethnic
rigin information for the 2022 population of each US state (IPUMS, Ruggles et al. , 2023 ). The
ncestry-based measure of patience for each US state is developed by assigning respondents the
atience level of the respective ancestry country from the GPS. We calculate shares for each
ncestry country by US state and weight the ancestry patience levels accordingly. 20 

The reduced-form estimate shows that states whose population migrated from ancestry coun-
ries with higher patience levels on average have significantly higher test scores (Table 3 , column
1)). In the first stage of the IV model, the ancestry-based patience instrument (measured directly
rom the GPS data) strongly predicts patience as measured by our Facebook-derived measure,
© The Author(s) 2026.

20 For about a third of ACS respondents, the ancestry information is either missing or cannot be assigned to a specific 
ountry because it refers to an ethnic group (e.g., Kurdish) or a larger region (e.g., Eastern Europe). We assign these 
espondents the average US patience level from the GPS and control for the share of missing ancestry information in 
he regressions. Results are very similar when coding missing ancestry information as missing, which is equivalent to 
ssigning the average of the observed ancestries of the respective state (not shown). 
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Table 4. Patience and Student Achievement: Subnational Analysis in Eight Countries. 
Eight countries 

pooled Brazil Canada Germany Italy Kazakhstan Mexico Spain United States 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 

Patience (three 0 .337∗∗∗ 1 .556∗∗∗ 0 .383∗∗ 2 .093∗∗∗ 1 .527∗∗∗ 0 .459∗∗ 0 .666∗∗∗ 0 .060 0 .218∗

PCs) (0 .085) (0 .206) (0 .155) (0 .624) (0 .205) (0 .194) (0 .160) (0 .108) (0 .113) 
Grade/age – Age 15 Age 15 Grade 9 Grade 8 Age 15 Age 15 Age 15 Grade 8 
Wave FEs Yes No Yes Yes Yes No No Yes Yes 
Country FEs Yes No No No No No No No No 

Observations 381 27 30 32 40 16 32 51 153 
Regions 189 27 10 16 20 16 32 17 51 
R2 0 .288 0 .719 0 .726 0 .577 0 .747 0 .178 0 .517 0 .362 0 .300 

Notes: The dependent variable is math test scores. Least-squares regressions with wave fixed effects. Unit of observation: region-wave combination. 
Test and wave information: PISA 2012 for Brazil and Mexico; PISA 2012, 2015 and 2018 for Canada and Spain; IQB 2012 and 2018 for Germany; 
INVALSI 2018 and 2019 for Italy; PISA 2018 for Kazakhstan; NAEP 2015, 2017 and 2019 for the United States. Regressions control for risk-taking 
computed with three PCs. Robust SEs adjusted for clustering at the state level are reported in parentheses. Significance level: ∗∗∗ 1%, ∗∗ 5%, ∗ 10%. 
Source: PISA, IQB, INVALSI and NAEP mathematics achievement tests; own elaboration of Facebook data. 
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ndependent of the number of PCs of Facebook interests used (columns (2)–(4)). This first-stage
ssociation provides further credence to our derivation of patience measures from Facebook
nterests. 

The second stage of the IV model provides statistically significant estimates of the impact of
atience that are of the same order of magnitude as the OLS estimates. For the different numbers
f PCs, the IV point estimates range from 0.22 to 0.37 (columns (5)–(7)), quite similar to our
aseline model (0.17 to 0.29). 

While fully eliminating all concerns of causal interpretation is difficult in settings without
xperimental manipulation and while the IV model cannot rule out all potential biases, its results
rovide no indication that the baseline estimates are biased upwards by endogeneity from reverse
ausation or joint determination with other current state characteristics. 

.5. Regional Analysis in Additional Countries 

hile we have focused on Italy and the United States as two countries with interesting regional
ariation and consistent test data at different grades for a substantial number of regions, we
an assess the stability of our results by extending the analysis to six additional countries with
ublicly available subnational test data. We leverage regional indicators in the PISA data since
012 for all countries with at least ten regions: Canada and Spain in 2012, 2015 and 2018,
razil and Mexico in 2012 and Kazakhstan in 2018. Also, the Institut zur Qualitätsentwicklung

m Bildungswesen (IQB) provides regionally representative math achievement data for German
inth-grade students in 2012 and 2018. For each country, we implement the method described in
ection 1.3 to obtain regional measures of patience from Facebook interests, consistently using
nly three PCs because of the small number of regions in some countries. 21 

The consistency of results across these additional countries supports the methodology for
nvestigating achievement differences within countries. In the pooled model of 190 regions in
ight countries, the highly significant patience coefficient suggests that a one-SD increase in
atience is associated with a 0.34-SD increase in math scores (Table 4 , column (1)). Country-
pecific results are more tentative due to the limited regional information in several countries,
The Author(s) 2026.

21 Pooled results are similar using more PCs, but country-specific results are not stable at higher numbers of PCs in 
razil, Canada and Germany. 
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ut separate regressions show a positive regional association between patience and achievement
hat is statistically significant in each country except Spain (Table 4 , columns (2)–(9) and Online
ppendix Figure A11 ). The magnitude of coefficient estimates varies considerably across coun-

ries, suggesting that the strength of the relationship might depend on country-specific features,
ut there are too few country observations to analyse these differences systematically. 

. Conclusions 

ime preferences, while clearly important to individual investment decisions, have an even
roader impact on education decisions. Aggregate preferences, which are a component of cul-
ural identities, also affect political perspectives and community decisions about educational
nstitutions such as the definition and importance of school quality. 

This analysis investigates the importance of patience in determining historically significant,
ut largely unexplained regional differences in student skills. These skill differences in turn have
asting consequences for incomes and for regional growth patterns. 

We use the extensive compilations of social media information by Facebook to estimate
reference differences for subnational regions within Italy and the United States. The measures
f patience constructed from Facebook interests are validated by international comparisons where
irect measures of time preferences are available. 

Differences in patience across regions in Italy and across states in the United States provide a
owerful explanation of human capital outcomes. This new perspective on student performance
elps to explain why, for example, North–South differences in student outcomes in both countries
ave been very stable over time even in the face of national efforts to equalise performance.
ausal identification of the preference-achievement relationship across subnational regions is
articularly challenging, but an instrumental-variable approach that exploits historical ancestry
ariation across US states supports a causal interpretation. 

Our findings imply that similar educational inputs can lead to substantially different outcomes
ue to differences in patience. When addressing within-country differences in student achieve-
ent, policymakers might look beyond such proximate factors as school spending or even family

ducational background to take possible differences in patience into account. Institutional fea-
ures of schooling, such as reliance on parental choice or test-based accountability, appear less
ied to aggregate preferences (Hanushek et al. , 2022 ). Thus, institutional reforms of school sys-
ems appear to be a viable policy mechanism for improvement that does not necessarily depend
n changing preferences (Woessmann, 2016 ). Moreover, while cultural traits are considered hard
o change (e.g., Guiso et al ., 2006 ; Bisin and Verdier, 2011 ), evidence shows that traits such as
atience are malleable, especially at a young age, and can be improved through specific inter-
entions (e.g., Bird, 2001 ; Alan and Ertac, 2018 ; Jung et al ., 2021 ). Hence, policies aimed at
ncreasing patience may also be an avenue for addressing educational investments and regional
eficits in student outcomes. 

oover Institution, Stanford University, NBER, USA, CESifo & IZA, Germany 
IW Berlin, Germany 

fo Institute & University of Munich, Germany 
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© The Author(s) 2026.
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2026] patience and subnational human capital 349

©

A

O
R

R
A  

A  

A  

 

B  

 

B  

B  

B  

B  

B  

 

B  

B  

C  

C  

C  

 

 

 

D  

D  

D  

F  

F  

G  

G  

G  

G  

G  

D
ow

nloaded from
 https://academ

ic.oup.com
/ej/article/136/673/335/8168471 by Stanford U

niversity user on 23 January 2026
dditional Supporting Information may be found in the online version of this article: 

nline Appendix 

eplication Package 
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aba˜ nas , José G. , Ángel Cuevas, and Rubén Cuevas. (2018). ‘Facebook use of sensitive data for advertising in Europe’,

Preprint, Updated February 14, 2018. https://arxiv.org/abs/1802.05030 . 
astillo , Marco , Jeffrey L. Jordan, and Ragan Petrie. (2019). ‘Discount rates of children and high school graduation’,

ECONOMIC JOURNAL , vol. 129(619), pp. 1153–81. 
hetty , Raj , Matthew O. Jackson, Theresa Kuchler, Johannes Stroebel, Nathaniel Hendren, Robert B. Fluegge, Sara

Gong, Federico Gonzalez, Armelle Grondin, Matthew Jacob, Drew Johnston, Martin Koenen, Eduardo Laguna-
Muggenburg, Florian Mudekereza, Tom Rutter, Nicolaj Thor, Wilbur Townsend, Ruby Zhang, Mike Bailey, Pablo
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