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Abstract 

  
With recent advances in high-resolution satellite imagery and machine vision 
algorithms, fine-grain geospatial data on population are now available: acre-by-
acre, worldwide. In this brief, we showcase how researchers and policymakers in 
developing countries can leverage these novel data to precisely identify “education 
deserts” - localized areas where families lack physical access to education. These 
analyses could valuably inform educational access initiatives like school 
construction and transportation investments. We conduct a proof-of-concept 
analysis in the context of three countries (Tanzania, Kenya, and Rwanda) that have 
historically struggled with educational access as a demonstration of the utility, 
viability, and flexibility of our proposed approach. 
 
 
 
 
 
 
 

 
1 We are grateful for the support and feedback from Benjamin Castleman, Daphna Bassok, James Wyckoff, 
Isaac Mbiti, Erich Purpur, and our colleagues in the Center on Education Policy and Workforce 
Competitiveness (EdPolicyWorks) and the Nudge4 Solutions Lab. This work has been supported by the 
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I. Introduction 
Countries around the world have significantly increased basic educational 

outcomes like literacy rates and primary school enrollment in recent decades. These 
hopeful advances have been accompanied by a change in the policy priorities of 
development organizations and policy institutions from getting students into 
school, to improving the learning outcomes of students while attending school 
(World Bank, 2017). 
  

Despite this meaningful progress, much of the developing world is still far 
from achieving universal education. Approximately 1 of every 3 age-appropriate 
youth in low-income countries were unenrolled in 2018 (UNESCO, 2019). While 
enrollment for these children could be hindered by several issues such as finances, 
motivation, and cultural priorities, basic physical access to a school within 
reasonable distance is a first-order barrier to education.  
  

Addressing physical access, specifically, is crucial because requires 
drastically different policy interventions than other barriers - for instance, investing 
in school construction and transportation versus investing in outreach campaigns 
and financial aid. Moreover, to the extent that students remain unenrolled due to 
such geographic constraints, rigorous research demonstrates that targeted school 
construction has a markedly positive impact on student enrollment, attendance, and 
learning outcomes (Burde & Linden, 2013; Duflo, 2001).  
  

Yet identifying which geographic regions in the developing world would 
benefit most from additional school construction has long been logistically and 
financially challenging for many countries, given the cost and complexity of 
conducting national surveys. In this analysis, we showcase how policymakers can 
instead leverage newly available, fine-grain satellite data on population and schools 
to triangulate – roughly down to the half-acre - the localized “education deserts” 
(Hillman, 2016) where families lack physical access to schools of varying levels 
(e.g. primary, secondary). We conduct our analysis in the context of three separate 
countries - Tanzania, Kenya, and Rwanda - that have historically struggled with 
educational access as a proof-of-concept for the utility, viability, and flexibility of 
our approach. 
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II. Data and Methodology 
Our analysis requires two critical data components: (1) the locations of 

schools across a country, and (2) the geographic distribution of population across a 
country. For this paper, we further incorporate data on regional enrollment rates in 
each country to facilitate comparisons across traditional and geographic measures 
of access. 
  

School location data, the first component, are commonly obtainable through 
administrative records in many countries, either as latitude-longitude coordinates, 
or as physical addresses that are easily translated into coordinates through 
“geocoding.” To that end, we use administrative data on publicly-run and licensed 
primary and secondary public schools in Kenya, Tanzania, and Rwanda for our 
analysis here.2 
  

The second component, the distribution of population across a country, is 
now widely available with advances in high-resolution satellite imagery and 
machine vision algorithms. We use the High Resolution Settlement Layer (HRSL) 
dataset, the product of a long-term collaboration between Columbia University and 
the Facebook Connectivity Lab (CIESIN, 2016). Their approach combines 
intensive survey work with advanced machine learning to estimate the population 
of every 30x30m block in a country, for almost every country worldwide.3 
  

For our analysis, we first load both the school location coordinates and 
HRSL population data into a Geographic Information System (GIS) program, 
ensuring that the projection of each dataset is consistent and in compatible analytic 
structure.4 We then calculate, for each 30x30m population block, the distance to the 
nearest primary and secondary school “as the crow flies,” and thus the proportion 
of country/county population living in an education desert.5 We set a preferred 

 
2 As is the case with any secondary data analyses, the exact process and scope of data collection for these 
administrative datasets should be a concern for any analysts hoping to replicate our approach. For example, 
what are the formal conditions for a school to be included in the data? Are there relevant institutions likely to 
be excluded, such as private or parochial schools? Our school location data comes from Tanzania (in 2016), 
Rwanda (2012), and Kenya (2014 for primary schools, and 2007 for secondary schools). Both private and 
parochial schools are excluded from each of these datasets - while a limitation, we focus on public schools 
given financial accessibility concerns for many households in these contexts. 
3 To generate these data, researchers first used machine vision to identify the location of discrete buildings in 
high-resolution satellite imagery. Taking these data in conjunction with intensive “ground-truth” population 
surveys conducted across contexts by the World Bank, the researchers could then create a model for estimating 
the population of every 30x30m block in a country using the building data they gathered in the first step. These 
models were then validated against additional surveys conducted in various contexts and tuned for accuracy in 
different contexts (Bonafilia et al., 2019). 
4 We use QGIS, an open-source GIS platform similar to ArcGIS. 
5 It is possible to adjust this analysis to account for detailed roadway and topographic factors (e.g. mountains, 
literal deserts, etc.) as available, though we were unable to include these considerations in the present study. 
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threshold of 3 or more miles to school as our definition of being in an education 
desert, as we estimate the costs of daily, private transportation to school to be 
prohibitively expensive at this distance.6 Finally, we map the location of population 
blocks in education deserts across each country and offer multiple visualization 
styles to present these analyses to policymakers. 
  
 
III. Results and Analysis 

In Figure 1, we first demonstrate how our geographically-informed access 
measures provide valuable context when paired with traditional enrollment rates. 
Panel A explores the sensitivity of our education desert measures to varying 
distance thresholds. At our preferred threshold of 3 miles, we see large differences 
across country contexts: only 3% of Rwandans live in a primary school desert, 
compared with 7% of Kenyans, and over 19% of Tanzanians, though these 
differences change substantially depending on specification as the figure shows. 
 

In Panel B, we compare our education deserts measure (as dashed lines) 
against reported enrollment rates (as bars) to identify the extent to which physical 
access may pose a barrier to increasing enrollment. Using primary school in 
Tanzania as an example, we see that the proportion of the population with physical 
access to school is almost identical to the proportion of the age-appropriate 
population enrolled, suggesting that those who remain unenrolled may do so 
specifically because they lack that physical access. Conversely, our results show 
that nearly everyone in Rwanda has physical access to a secondary school, yet their 
enrollment rates remain relatively low. In their case, the construction of new 
secondary schools may be less useful a policy response versus addressing other 
barriers like costs or entrance exams. 
 

While the national figures provide important context, we can offer 
additional actionable insight on access and enrollment by investigating school 
access at the sub-national level. In Figure 2, we map the actual locations of 
population blocks living in education deserts for Kenya and Tanzania.7 Panel A 
shows the location of population blocks living 3 or more miles away from the 
nearest primary school (as points), and contrasts it against regional enrollment rates 
(as shaded areas). Importantly, we observe substantial areas of desert even in 

 
6 At this distance, we estimate that the cost of gas for a motorcycle with an efficiency of 35 miles per gallon is 
roughly 11% of a living wage per month in rural Kenya ($124/month; Anker & Anker, 2016), not taking into 
account school fees, books, or other educational expenses. This mirrors the spirit of Hillman (2016), where he 
focuses on the distribution of postsecondary institutions across commuting zones in the United States as a proxy 
for access by reasonable driving distance. 
7 We omit Rwanda from this figure only for visual concision. 
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regions with 75-85% enrollment, revealing that education deserts are not only 
concentrated in regions with low enrollment rates. Therefore, even policies guided 
by finer-grain enrollment statistics at the regional-level may lack the necessary 
geographic precision to intervene effectively on these pockets of underserved 
populations. Panel B displays these same data using multiple thresholds of distance 
in “heat map” format, which allows policymakers to more quickly identify areas 
where population blocks lack access along a variety of definitions. 

 
 

IV. Discussion 
 Our analysis serves as a proof-of-concept for identifying geographic areas 
where individuals lack physical access to schooling; especially as policymakers and 
investors around the world attempt to guarantee universal access to education, 
disaggregated, fine-grain analyses of this kind will be increasingly critical to ensure 
that all populations are served by such reforms. Moreover, this same methodology 
could be used and extended to evaluate access to other educational resources, such 
as higher education institutions and libraries, or other public goods, such as 
healthcare facilities and water wells. Indeed, we expect that the broad availability 
of valuable data like the HRSL will facilitate a deeper investment in geographic 
analyses of this kind across all policy contexts, and we hope our study offers a 
glimpse of how that work might proceed. 
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V. Figures 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sensitivity of distance thresholds for education deserts, by 
country and educational level 

Panel A Panel B 

Figure 1: Comparisons of education desert measures and enrollment rates 

Notes: Panel A charts out how the share of population of each country living in an education desert changes by the distance threshold used. Our preferred 
specification of 3 miles is shown as a dashed line. Panel B overlays the inverse of these proportions (i.e. proportion of country population within 3 miles of 
nearest school, displayed as dashed lines) on traditional enrollment rates by school level in each country (displayed as main bars). The enrollment rates 
displayed on panel B are the most recent net enrollment rates by country and educational level available on the World Development Indicators site by the 
World Bank as of March, 2020.  

Enrollment rates and share of population outside of education 
desert, by country and educational level 
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Notes: Panel A displays the location of households further than three miles from a primary school, overlaid on county-wide enrollment rates. Panel 
B displays these same data, but using several categories of distance thresholds for each household instead. Maps for both countries use the same 
scales and projections. The enrollment data for Kenya comes from the Kenya Open Data Initiative (KODI), and the enrollment data for Tanzania 
was aggregated using the 2015 round of household-level, Uwezo data. 

Figure 2: Geospatial Mapping of Physical Access to Education in Kenya and Tanzania. 
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