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Article Brief Template
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¨ Research Question

¨ Study Context

¨ Data Used
¨ Identification Strategy

¨ Findings

¨ Why Findings are Important/Why Matter
¨ Assessment of Weaknesses
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Human Capital 
and 

Education



Plan
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¨ In-depth look at Glewwe et al. (2009)
¤Minor factoids:

n Michael Kremer was awarded Nobel Prize in Economics in 
the past five years along with Esther Duflo and Abhijit 
Banerjee

n Paul Glewwe was a member of my dissertation committee



Outline for Glewwe et al.
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¨ Research Question
¨ Motivation
¨ Prior Literature
¨ Data
¨ Identification Strategy
¨ Results

¤ What’s the story?
¨ Conclusion and contribution
¨ Reflection/Criticisms



Research Question
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¨ What would you say is the research question at 
the core of this paper?

¨ My characterization: Does having access to 
textbooks affect students’ test scores in 
developing countries, and if so how much?
¤ Pretty simple, but that’s it!

¨ Why is this a development economics question?



Human Capital and Education
6

¨ Human capital: human attributes that contribute to economic 
production
¤ Creativity, capacity for innovation, skill, etc.

¨ Intuitive relationship between human capital 
development and TFP and efficiency

¨ Where does skill, capacity and creativity come from?
¤ Many places, but obvious answer: education

¨ Leads to research into how to effectively improve 
education in poor countries
¤ Topic of Glewwe et al (2009)



Motivation
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¨ Why would one want to know the answer to this 
question?
¤ NGOs and Ministries of Education see textbook access as a 

potential goal and a way to improve student outcomes

¨ Obviously textbooks help, right?
¤ Not necessarily, why not?

¨ What good are textbooks if students,
¤ Don’t speak the language they’re written in?
¤ Can’t read?
¤ Aren’t academically trained enough to use them?



Prior Literature
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¨ Prior literature discussion comes later on page 
122

¨ Prior literature indicates positive effects, but these 
are all retrospective studies that are 
nonexperimental
¤ What’s the problem with this?

n What are examples of omitted variables or reverse 
causality?

¤ Thus they don’t account for omitted variables or reverse 
causality⟹ Maybe this conclusion is wrong and biased 
by inability to account for this



Data
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¨ The data come from students across 100 schools in 
grades 3-8

¨ From Western Province in Kenya (Teso and Busia 
Counties)

¨ Dependent variables 
¤ Primarily student test scores testing a student’s knowledge of the 

official curriculum in English, Math, and Science
¤ Scores are normalized by subtracting the mean of the score and 

dividing by the standard deviation (p. 119)
n Provides a distance in standard deviations a student scored from the 

mean. A change in 0.1 SDs moves a student 4 percentiles 

¨ Independent variable of interest
¤ Whether a student was in a school that received textbooks from 

an NGO
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Figure 1: Busia Kenya Map
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Figure 2: Port Victoria in Busia County, Kenya. Source: Wikipedia



Experimental Design
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¨ 100 schools chosen across Busia and Teso
¤ Deemed “needy” of textbooks

¨ 25 random schools get textbooks in 1996
¤ Remaining 75 are the control group in 1997

¨ 25 more received grants for textbooks (and other 
resources) in 1997
¤ Remaining 50 are control group in 1998, and so on

¨ 25 more received grants in 1998 and 25 more in 
1999



Identification Strategy: RCT
13

¨ Usual worry is that textbook availability is 
correlated with unobservable variables 

Text Book 
Availability

(𝒑𝒔)

Unobservables
(𝒖𝒔 + 𝒘𝒋𝒔 + 𝒗𝒋𝒌𝒔
+ 𝒆𝒊𝒋𝒌𝒔)

Test Scores
(𝒕𝒊𝒋𝒌𝒔)



Error Term Decomposed
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¨ Don’t be confused by the notation: 𝒖𝒔 +𝒘𝒋𝒔 +
𝒗𝒋𝒌𝒔 + 𝒆𝒊𝒋𝒌𝒔

¨ This is just saying there are different categories 
of variables in the error term:
¤ Variables at the school level: 𝑢!
¤ Variables at at the grade within school level 𝑤"!
¤ Variables with the grade, subject and school level 𝑣"#!
¤ Variables at the individual level 𝑒$"#!



Identification Strategy: RCT
15

¨ But RCT removes concern about reverse causality 
and omitted variable bias

Text Book 
Availability

(𝒑𝒔)

Unobservables
(𝒖𝒔 + 𝒘𝒋𝒔 + 𝒗𝒋𝒌𝒔
+ 𝒆𝒊𝒋𝒌𝒔)

Test Scores
(𝒕𝒊𝒋𝒌𝒔)



Identification Strategy
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Basic regression framework:

Highlighted estimates:

𝑡%&'( = 𝛼&' + 𝛽&'𝑝( + 𝑢&'( + 𝑒%&'( (1)

𝑡%&'(

= 𝛼)*𝐷)* + 𝛼)+𝐷)++ 𝛼),𝐷),+…+ 𝛼-*𝐷-*+ 𝛼-+𝐷-++ 𝛼-,𝐷-,+𝛽𝑝( + 𝑢( + 𝑣&'(

+ 𝑒%&'( (𝐼𝑛 𝑃𝑎𝑝𝑒𝑟 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 3)

𝒑𝒔=1 if school 
received 
textbooks, 
𝒑𝒔=0 if not

Fixed effects for grade and subject level. This 
provides helpful statistical properties (this is not 

essential for you to know)



Results I
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¨ Textbook availability increased! It should!
VOL. 1 NO. 1 119GLEWWE ET AL.: TEXTBOOKS AND TEST SCORES IN KENYA

on being present. The only other pedagogical difference is a small increase in home-
work assigned in textbook schools.2

II. Program Effect on Average Test Scores

This section discusses our econometric speci!cation and presents two estimators 
of the effect of textbooks on average test scores: a level estimator and a difference-
in-differences estimator. Both estimators suggest little effect of textbooks on average 
test scores. Glewwe, Kremer, and Moulin 2007 report results from a third estimator, 
a differences-in-differences, subject-based estimator that compares the difference in 
textbook schools between test scores in subject-grade combinations in which text-
books were and were not given to the same difference in comparison schools. This 
estimator suggests that one can rule out effects of textbooks on average test scores 
as low as 0.07 standard deviations. However, such an estimator would be subject to 
bias if there are learning spillovers from one subject to another. Robustness checks 
show that the results for the !rst two estimators are not driven by selection or attri-
tion bias. We then show that retrospective estimates yield misleading results in the 
Kenyan context.

A. Econometric Speci!cation

For each grade and subject combination, we normalize test scores by subtracting 
the mean score, and dividing by the standard deviation in the 75 comparison schools. 
Thus, a student with a normalized score of 0.1 is 0.1 standard deviations above the 
mean. For reference, moving from 0.0 to 0.1 standard deviations in a normal distri-
bution moves a student from the 50th to the 54th percentile.

Test scores may be correlated among students in the same class and school due to 
unobserved teacher and headmaster characteristics, so we use an error components 

2 The classroom observation data provide a third source of information on textbook availability, but it is dif-
!cult to compare textbook availability using these data because textbook per student ratios were collected only 
if textbooks were used when classrooms were observed, and textbooks were used more often in textbook schools 
than in comparison schools. Moreover, the data provide information only on whether pupils had textbooks at 
school on a given day, not overall textbook access. Some students may have left textbooks at home. 

Table 3—Student Reporting on Availability of School-Owned Textbooks in Grades 6–8

   School issued you a School allowed you to take
   textbook to use in class? the textbook home?

 Type of subject/grade Textbook schools Comparison schools Textbook schools Comparison schools
Year combination (1) (2) (3) (4)

2 Textbooks provided 62.4 % 7.7 % 52.8 % 2.5 %
 Textbooks not provided 8.6 % 7.1 % 5.4 % 1.9 %
3 Textbooks provided 72.0 % 28.3 % 63.5 % 9.4 %
 Textbooks not provided 23.4 % 11.7 % 17.4 % 6.4 %

Notes: These !gures are averages over groups of grade/subject combinations, disaggregated according to whether 
the combination received textbooks from ICS. In both years, “textbooks provided” refers to English and math 
in grades 6 and 7 and science in grade 8, while “textbooks not provided” refers to science in grades 6 and 7 and 
English and math in grade 8. This information is available only for years 2 and 3, since the relevant student ques-
tionnaires where administered only in those years.



Results II
18

¨ Small and statistically insignificant effects of the textbooks on test 
scores.

122 AMERICAN ECONOMIC JOURNAL: APPLIED ECONOMICS JANUARY 2009

Attrition bias is also unlikely to explain the results. In year 1, the difference in the 
percent of pupils not tested is very small, 25.4 percent in textbook schools and 25.6 
percent in the 25-school comparison group (Table 5, row 5). In year 2, 33.3 percent 
of pupils in comparison schools and 31.0 percent in textbook schools were not tested. 
Yet, differences in the pretest scores of untested pupils in textbook and comparison 
schools are insigni!cant, with different signs for different subjects. Thus, the slightly 
higher rate at which pupils in textbook schools are tested in year 2 is unlikely to 
induce seriously biased estimates of textbooks’ impact on test scores. Attrition in 
years 3 and 4 is higher, another reason we downplay those results, but there is no 
evidence that it differs across groups. Finally, the simplest selection and attrition 
stories cannot explain the failure to !nd effects in the difference-in-differences 
speci!cation.

D. Retrospective Estimates

The failure to !nd an impact of textbooks contrasts sharply with many people’s 
assumptions, but also with the positive results of most retrospective studies. For 
example, Heyneman, Farrell, and Sepulveda-Stuardo (1978) !nd positive effects of 
textbooks on test scores in 15 out of 18 studies, with some studies !nding larger 
effects for disadvantaged students. Fuller (1986) reports signi!cant effects of text-
books in 14 out of 22 studies, and Fuller and Clarke (1994) found the same in 19 
out of 26 studies. The four papers examined in detail in Lockheed and Hanushek’s 
(1988) review of developing country studies report that textbooks raised test scores 
by 0.34, 0.36, 0.30, and 0.06 standard deviations of individual test scores. Jamison et 
al. (1981) compared 48 grade 1  classrooms in Nicaragua that were randomly assigned 
to receive radio mathematics education with 20 that received math workbooks and 

Table 4—Impact of Textbook Program on Normalized Test Scores

   Normalized test Normalized test 
   score minus score minus
 Normalized test scorea b Normalized test scoreb pretest scorec pretest scorec

Dependent variable (1) (2) (3) (4)

Textbook school 0.023 0.020 0.018 20.046
 (0.087) (0.104) (0.053) (0.071)
Received a textbook    
Region and sex Y Y Y Y
 dummies
Years exposed to 1 2 1 2
 textbooks
Grades 3–8 4–7 3–8 4–7

Observations 24,132 12,663 11,321 7,354

Notes: Standard errors in parentheses.
a Running the same regressions for individual subjects English, math, and science (not shown in this table), 

yields similar results, with the coef!cients on textbooks never statistically signi!cantly different from zero.
b Sample includes all children enrolled in January of year 1 who took the relevant October/November test
c Sample includes all children who were enrolled in January of year 1 and took the relevant October/November 

test as well as the pretest in January of year 1.
*** Signi!cant at the 1 percent level.
 ** Signi!cant at the 5 percent level.
  * Signi!cant at the 10 percent level.

Remember, 0.1 = 4 percentiles. This is saying that on 
average, being in a textbook school increased students’ 
scores by <1 percentile



Worries for Bias
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¨ Selection Bias
¤ Maybe students are switching out of control schools to get 

textbooks? 
n Better more motivated students would end up in textbook-receiving 

schools
¤ If this was true you’d expect to see a big dropout rate in the 

control schools and a big transfer in rate at the treated schools, 
but the data don’t support this

¨ Attrition Bias
¤ Maybe students are dropping out of the study in systematic ways

n Bad students might be leaving? 
¤ But again the data don’t support this. There is very low dropout 

rates and no difference between treated and untreated schools
¨ Strategic promotion?

¤ Even with this, the effect is small and not statistically significant



Results III
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¨ Stronger students do better with the textbooksVOL. 1 NO. 1 127GLEWWE ET AL.: TEXTBOOKS AND TEST SCORES IN KENYA

in year 2 is similar, except that the effects for the top two quintiles are less precisely 
estimated and statistically insigni!cant.

It is dif!cult to use our data to test for interaction effects after year 2, but the data 
suggest no interaction effects in later years. This is not surprising. First, textbook 
availability and usage converged in later years (Tables 2 and 3), so most academi-
cally strong students in comparison schools probably had at least a shared textbook. 
Second, textbook use in class converged over time for treatment and comparison 
schools, perhaps because new textbooks were issued in year 2, and teachers may not 
have wanted students to use the old books, even though they were quite similar.11 
Third, all interaction effects are based on pretests at the start of year 1, and, over 
time, they presumably measure current achievement and motivation less precisely. 
The fall from year 1 to year 2 in the pretest score coef!cient in Table 8 supports this. 
Finally, the sample size falls each year as children drop out or !nish primary school, 
reducing the precision of the estimates.

B. Other Educational Outcomes

Evidence for other educational outcomes is consistent with the !nding that text-
books primarily bene!ted academically strong students. Consider drop out rates and 
grade repetition. Pupils in grades 3–7 in year 1 had four possible outcomes for year 
2: stay in school and be promoted, stay in school and repeat, drop out, or transfer 
out. The same holds true for grade 8 pupils, but promotion has two forms: !nish pri-
mary school and leave school, or !nish primary school and enter secondary school. 
After one year, grade 3–7 pupils show no signi!cant differences in dropout or rep-
etition rates across textbook and comparison schools (Table 10, columns 1 and 2).12 
Textbooks also did not affect pupil absences. These results imply no program effect 

11 Classroom observations in year 2 in grade-subject combinations given textbooks showed that textbook use 
in class was 16.4 percentage points higher in textbook schools but, by year 3, this gap was only 8.2 percentage 
points.

12 Here, statistical signi!cance is based on a probit regression with school random effects.

Table 9—Program Impact on Normalized Test Scores, by Quintile of Pretest Scores

 Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5
Years exposed (1) (2) (3) (4) (5)

1 20.049 20.021 0.032 0.142* 0.218**
 (0.064) (0.069) (0.073) (0.079) (0.096)

2 20.077 20.109 20.089 0.021 0.173
 (0.081) (0.094) (0.104) (0.101) (0.131)

Notes: Each row represents !ve random effects regressions, one for each quintile (based on pretest scores from 
January of year 1), of post-test scores on a dummy variable indicating whether a child is in a textbook school and 
on dummy variables for region and sex. The sample consists of all children enrolled in January of year 1 who 
took both the pretest in year 1 and the relevant post-test. All results are aggregated over all grade/subject combi-
nations that received textbooks.

*** Signi!cant at the 1 percent level.
 ** Signi!cant at the 5 percent level.
  * Signi!cant at the 10 percent level.
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¨ Other Educational Outcomes128 AMERICAN ECONOMIC JOURNAL: APPLIED ECONOMICS JANUARY 2009

on average and below average pupils, those most likely to repeat, drop out, or be 
absent.

In contrast, grade 8 students in the textbook schools in year 1 were more likely to 
enter secondary school in year 2 than comparison school students (43 percent versus 
38 percent). This difference is signi!cant at the 5 percent level (Table 10, columns 
3 and 4) and is consistent with textbooks being most helpful to academically strong 
students, since grade 8 is de facto selective and only strong students go to secondary 
school.

C. Why Do Textbooks Increase Scores Only for Strong Students?

One possible reason why students with high initial achievement may bene!t more 
from textbooks is that those books are too dif!cult for other students to use effec-
tively. Indeed, the median students in lower grades seem to have dif!culty even 
reading the textbooks. Fifty of the 100 schools were randomly selected for visits 
in year 4, and the median student (by class rank) in grades 3–8 was asked to read 
the English textbook provided by the program. In grade 3, only 15 percent of the 
median students could read the grade 3 English textbook, and only 29 percent of the 
grade 4 median students could read their English textbooks (Table 11). This problem 
is less common in upper grades. The !gures are 62 percent for grade 5, 85 percent 
for grade 6, and about 95 percent for grades 7 and 8. Yet, even students who can read 
the words in the textbooks may have dif!culty effectively using a textbook in their 
third language (Table 11, columns 2–4).

Differences in whether students took textbooks home may explain part, but 
not most, of the differential impact of textbooks across weak and strong students. 
Students in grades 6–8 were allowed to take textbooks home, but younger students 
were not. Grades 6–8 students in textbook schools who took the textbooks home 
had higher average pretest scores (0.21) than those who did not (20.03), a difference 
signi!cant at the 1 percent level. Yet, the year 1 interaction effect for the level regres-
sion for grades 3–5, in which students could not take textbooks home, is 0.051, only 

Table 10—Promotion, Repetition, and Dropping Out from Year 1 to Year 2

 Lower grades (3–7) Upper grade (8)

 Textbook schools Comparison schools Textbook schools Comparison schools
 (1) (2) (3) (4)

Stayed, promoted 0.53 0.53  
Finished primary, no secondary   0.32*** 0.41
Entered secondary   0.43** 0.38
Stayed, repeated  0.21 0.21 0.16 0.14
Dropped out 0.17 0.17 0.01 0.03
Transferred out 0.08 0.09 0.06 0.04
Number of students 5,009 4,838 447 440

Notes: For promotion, repetition and dropping out, comparison schools are the 25-school comparison group. 
Lower and upper grades refer to grade of pupils in year 1. Tests for statistical signi!cance are based on probits 
with school random effects.

*** Difference with comparison group signi!cant at the 1 percent level.
 ** Difference with comparison group signi!cant at the 5 percent level.
  * Difference with comparison group signi!cant at 10 percent.



What’s the Story Here?
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¨ Simply providing textbooks isn’t enough to improve 
learning outcomes for the majority of students if 
there is “curriculum mismatch”

¨ Only students already achieving at a high level 
benefit
¤ Likely because others are not equipped to take advantage 

of the new resource

¨ Provision of resources in schools likely won’t help 
broad improvements in educational performance 
unless accompanied by broader improvements in the 
system (like what?)



Conclusion and Contribution
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¨ NGOs and policymakers should think carefully 
about how to add resources to a school system in 
a developing country

¨ Simply adding resources to a system will likely 
produce no broad benefit if students aren’t 
equipped to use them
¤ Requires complementarities in the system

¨ Implies a reassessment of prior work that 
(possibly) mistakenly suggests that textbook 
availability results in improved outcomes



Some Questions
24

¨ What do you find convincing about the paper?

¨ What don’t you find convincing?

¨ What does this say about education policy 
directed at development outcomes?

¨ How does this inform some questions related to 
TFP and Solow?



The Consensus from Econ. World
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¨ Strong, straightforward and elegant paper

¨ No worries about causal identification b/c RCT

¨ Important contribution credibly contradicting prior 
consensus on role of textbooks on learning

¨ Is this just obvious?

¨ If education is a pathway to improved development 
there isn’t any low-hanging fruit here
¤ Perhaps a deceptive conclusion:

n Textbooks are “effective”, maybe there is low-hanging fruit if we 
just revise the textbooks?


