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Pollution and Test Scores: A Clear Pattern Tied to 
Socioeconomic Disparities 
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Research Question 

• What is the impact of childhood exposure to various 
pollution sources on average school district standardized test 
scores in California, after controlling for confounding factors? 
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Causal Mechanisms and Prior Research 
• Ambient air pollution can cause chronic respiratory conditions like 

asthma that lead to school absences 
• Air pollution can also cause direct cognitive impairment 
• Toxic heavy metals in the air or water can irreparably harm brain 

development 
• A few studies have compared air pollution to test scores over 

different time horizons, but leave unanswered questions 
• Prior studies have not examined this connection for many other 

pollution variables 
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My Methodological Approach 
• Test score data for CA 6th graders in reading and math from 2009-

2018 from Stanford Education Data Archive 
• Pollution data from three iterations of CalEnviroScreen 

– Pollution variables used: Fine Particulate Matter (PM 2.5), Traffic, Solid 
Waste Facilities, Toxic Cleanup Sites, Hazardous Waste Facilities, 
Groundwater Threats, Impaired Water Bodies 

• GIS mapping connects schools to census tracts for assigning 
pollution scores and producing district averages 

• I apply a “fixed effects” panel regression model to capture a holistic 
picture of test score variance, control for confounding factors, and 
estimate the impact of pollution variables 
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Other Findings 
• Effect of PM 2.5 clearly varies across discrete quintiles of 

ambient concentration 
• Quintile effect not detectable for Groundwater Threats and 

Solid Waste Facilities 
• Also tested interaction between PM 2.5 and geography, 

since constituent particulates theoretically vary in toxicity 
(found no difference between urban and rural) 

• Four other pollution variables tested produced no 
detectable effects 
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Effect Size Analysis 
• After robustness tests, most confident findings are effects of: 

1) PM 2.5 on reading, 2) Solid Waste Facilities on math, and 3) 
Groundwater Threats on math. 

• Using standard deviations (st. dev.) to compare effect size across 
variables with different units: 
– One st. dev. increase in PM 2.5 = 2.8% decrease in reading scores 
– One st. dev. increase in Groundwater Threats = 1.0% decrease in math 
– One st. dev. Increase in Solid Waste Facilities = 1.8% decrease in math 

• Effect size found for PM 2.5 aligns with prior studies 
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Policy Implications 
• Some back-of-the-envelope calculations: 

– Installing and maintaining plug-in air purifiers in classrooms costs ~$1,000 
per-class, per-year and boosts long-run average test scores by ~0.1-0.2 
standard deviations 

– Reducing class sizes by 10 students results in a similar magnitude of test score 
benefit, but costs ~$1,300 per-student 

– With a class size of 20 students, air filtration is ~26x more cost-effective than 
class size reductions for test score improvements 

• Implications for district budgets and the cost-benefit analysis of 
environmental regulations; equitable distribution of benefits 

• Ideas for legislation: state-sponsored pilot programs; indoor air quality 
standards for schools and public buildings 
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Remaining Questions 
• What causal mechanisms account for the effects of Groundwater 

Threats and Solid Waste Facilities? 
• Why were the results so different for math vs reading? 
• How much of the effect of PM 2.5 is through respiratory illness 

versus cognitive impairment? 

Future research is also needed to explore: 

• The effects of other pollutants I did not include (pesticides, 
industrial toxins, various sources of lead) 

• The effect of pollution on lifetime earnings, which influences 
academic outcomes in subsequent generations 
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Final Considerations 
• Pollution exposure and test scores to some extent are 

endogenous, with a causal direction that is circular 
• These results are likely underestimates of the true impact of 

holistic pollution exposure on education and economic 
opportunity, as disparities compound generationally 

• Pollution mitigation is an antiracist policy that works to address 
academic and economic disparities tied to historic land-use 
discrimination 
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