


some extent disappointing because reading fluency, our main target outcome, did not
improve. As a consequence, the research and implementation teams identified several
areas where improvements in the intervention could be made for the subsequent rounds.
The aims of these changes were to increase intensity and to improve the cognitive support
of the intervention. To increase intensity we introduced make-up sessions, focused
our targeting on those that exhibit the poorest results in reading fluency, and reduced
tutorial size. To improve cognitive support we increased the number of sessions. We
reviewed the pedagogical material, replacing some of the vocabulary development
tasks with exercises that promoted reading fluency. To improve the scaffolding of the
intervention, we reorganized the readings in some sessions and adjusted the diffi-
culty of the texts.
In all, we introduced four changes after the first cohort. We increased the dosage. We

modified the targeting. We fine-tuned the material. We modified the assignment of
students to tutorial groups, which could potentially lead to changes in the composition
of the tutorial groups. There was a fifth change for Cohorts 2 and 3—in the wake of
the experiment with the first cohort, some tutors for subsequent cohorts had previous
experience, the result of having delivered the intervention previously. Next, we analyze
how these five factors may have contributed to the increased impact of the intervention
over time.We cannot, however, isolate the contribution that each of these factors had on
the increased effectiveness of the program because many of them occurred concurrently
as the program, informed by the initial experimental results, evolved over time. Instead,
we exploit the institutional knowledge that comes from working closely with the pol-
icymakers to provide some additional results and back-of-the-envelope calculations to
obtain a sign and an upper bound for their contributions.

Figure 4
Treatment Effects by Cohort
Notes: Each bar shows the estimated treatment effect for the aggregate literacy score for each cohort, with the
corresponding 95 percent confidence interval. In addition, circles present the estimated treatment effects for
each literacy subtask, estimated at each time horizon for each cohort. See Online Appendix Table A.4 for the
individual estimated treatment effects.
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A. Dosage

Figure 5 presents the average number of days that students in each cohort attended a
tutorial session (sorted from low to high attendance). We increased the dosage of the
intervention by increasing the number of tutorial sessions from36 to 48 (marked as dotted
lines in the figure). This generated a clear upward shift in the number of attended tutorials
between the first cohort and the subsequent cohorts.We also introducedmake-up sessions
to provide better coverage of the course material. These make-up sessions, administered
by the same tutors, allowed students who missed a tutorial class to cover the relevant
material, so as not to fall behind with respect to their small-group tutorial peers. Even
though we observe variation in the attendance rates by schools in all three cohorts, this
make-up option led to perfect attendance atmore schools for the second and third cohorts.
To measure the contribution of increased attendance to the different treatment effects

by cohort, we estimate dose-response effects using the following model:

(3) Yisch = a+ +
3

h =1
bh ·Ph ·Discð Þ+lc + ch+eisch

Figure 5
Attendance at Tutorials
Notes: Each line shows the average number of days attended by students in each cohort. In each cohort, we sorted the
schools from lowest to highest attendance. The line for Cohort 1 spans more schools because the sample of schools in
the experiment in Cohort 1 was larger than that in Cohorts 2 and 3 (see Section II for more details). Horizontal lines
show the total number of tutorials offered: 36 for students in Cohort 1 and 48 for students in Cohorts 2 and 3.
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whereDisc is the number of tutorials attended by student i in school s from cohort c,Ph is
an indicator variable equal to one when the outcome is measured at time horizon h, and
bh captures the dose-response effect at time horizon h (with h = 1, 2, 3). Like Equation 2
this equation includes strata-cohort and time-horizon fixed effects.
Actual tutorial attendance might not be orthogonal to Eisch, for instance, because

initially lower-achieving, eligible students might skip school days more often. Thus,
adopting an approach similar that that used by Muralidharan, Singh, and Ganimian
(2019), we instrument Disc with the randomized treatment variable Tsc (interacted with
the time-horizon indicator variables), which is likely orthogonal to Eisch. Equation 3
estimates a dose-response function using the within- and between-cohort variation in
exposure. We believe that the exclusion restriction holds in our setting for two rea-
sons. First, treatment assignment was randomized. Thus, any violation of the exclusion
restriction requires that the randomization itself affected students’ literacy skills by
changing the behavior of teachers or students. We think this is unlikely. In each cohort
randomization was done at the school level by the research team; it was not publicly
announced. Teachers and students in control schools were not aware that they had been
randomized to control status. Second, some of the variation in dosage stems from mod-
ifications to the intervention design (that is, the increase in the intensity of the treatment
and the offering of make-up sessions). These modifications were unlikely to affect lit-
eracy skills other than through the availability of more tutorial sessions.
In Table 5 we present the instrumental variables results.30 There is a positive dosage

effect. At the end of third grade, studentswho attended one additional session performed
0.007 of a standard deviation better in the literacy test than students in the control
group.31 These results decay slightly in fourth grade, but we cannot reject the null
hypothesis of equality of coefficients. Students in Cohorts 2 and 3 attended on average
17more sessions than students in the first cohort (see Panel C of Table 1). This translates
into a gain of 0.007·17=0.119, which is similar to the difference in the estimated treat-
ment effect between Cohorts 1 and 2 (that is, 0.222 – 0.138 = 0.084) and about a third
of the increase between Cohorts 1 and 3 (that is, 0.525 – 0.138 = 0.387).

B. Targeting

A second change introduced after Cohort 1 was to use fluency of reading rather than a
composite literacy score as our eligibility variable.We also changed the traditional EGRA
60-word reading subtask for a longer (132-word) text.32 To assess whether the students
deemed eligible changed over time, we compare the performance of eligible students at
baseline using three subtasks that were identical in the three data collection exercises:
reading of nonwords, addition, and subtraction. Table 6 shows the average differences in
performance (not standardized) on these outcomes. We find that students in Cohorts 2
and 3 had lower levels of skills than those eligible in Cohort 1 and that students in the
third cohort performed better at baseline than those in the second cohort.
If the impact of the intervention is heterogeneous on students’ skill levels, this may help

to explain the different impacts observed among the three cohorts. Figure 6 investigates

30. Our first stage is very strong. The F-statistic is higher than 1828 in all models.
31. Results are similar when estimated using OLS.
32. In addition, for cost reasons, we eliminated from the experimental sample schools with only one eligible
student.
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Table 6
Targeting (Nonstandardized Outcomes)

Nonwords Addition Subtraction Index
(1) (2) (3) (4)

Cohort 2 -4.024*** -2.151*** -1.425*** -2.533***
[0.718] [0.296] [0.267] [0.348]

Cohort 3 -1.848*** -0.375 -0.057 -0.760**
[0.704] [0.291] [0.282] [0.355]

Observations 2,610 2,610 2,610 2,610
p-value of equal coeffs. 0.003 0.000 0.000 0.000
Cohort 1 control mean 28.33 12.23 9.212 16.59
Cohort 1 control SD 10.51 5.095 4.740 4.766

Notes: Each column shows an OLS estimate of a model in which the dependent variable is an outcome
measured at baseline (measured by the number of correct answers in that subtask), and the independent
variables are dichotomous variables indicating that the students belong to Cohort 2 or Cohort 3. The index
shown in Column 4 is a simple average of the scores in the three subtasks shown in Columns 1–3. All
models include cohort, year, and strata fixed effects. Standard errors, shown in brackets, are clustered at
the school level (the unit of randomization). Significance: *p < 0.10, **p < 0.05, ***p < 0.01.

Figure 6
Quantile Treatment Effects
Notes: Each panel shows the quantile treatment effects on each outcome of interest estimated following Firpo
(2007).
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this by estimating quantile treatment effects, following Firpo (2007).33 We find that the
treatment effect on knowledge of letter sounds is larger at the top quantiles. However, the
relationship is flat for the composite literacy score and for the other subtasks. Therefore,
it seems unlikely that the improvement in effectiveness was driven by the weaker set of
students targeted in the last two cohorts of the experiment.34,35

C. Tutorial Composition

A third change addressed the composition of the students who attended tutorials. In
all three cohorts, the size of the tutorials was determined by the researchers (not by
the school). The composition of the tutorials, however, could have changed. In the
first cohort of the experiment, we allowed the NGO to assign students to tutorials
based on logistical considerations. In Cohorts 2 and 3, we eliminated any discretion
by randomizing each eligible student to a tutorial (in schools with more than one
tutorial) and by using the same eligibility rule in all schools, regardless of the effect
this had on tutorial sizes. As can be seen in Table 1, the tutorial size was on average
5.9 in Cohort 1 and only 4.8 in Cohorts 2 and 3.36

We investigate whether these changes in tutorial composition can partly explain the
differential impact across cohorts by estimating intention-to-treat effects for students
attending tutorials with different characteristics. Table 7 shows the treatment effects
for two groups and the p-value of the test of equality of those effects. Contrary to what
we were expecting, the first panel shows that larger tutorials were more effective at
improving students’ outcomes. Students in tutorials populated with six students did
better in all subtasks than students in smaller tutorials.37 The composition itself did
not seem to make a difference in performance.We characterize the distribution of peers’
ability by looking at an index based on a set of subtasks that are comparable across
cohorts (that is, reading of nonwords, addition, and subtraction). For each student
we compute the mean of that index at baseline and checked whether it falls above
or below the median. Students sitting with higher-ability peers performed similarly
to those sitting with lower-ability peers. We also study the difference in performance
of students sitting in more homogeneous versus heterogenous tutorials, again based on an
index of comparable subtasks measured at baseline. More homogeneous groups tended
to perform better, but the differences are not statistically significant at normal levels.38

33. For an application of the estimation of quantile treatment effects, see, for instance, Bitler, Gelbach and
Hoynes (2017).
34. Results, available from the authors upon request, show that, consistent with the quantile estimates,
interacting the treatment variablewith the baseline index of skills we use in Table 1 produces interactions effects
that are small in magnitude, and we cannot reject that they are equal to zero.
35. In Online Appendix Table A.5 (Panel A) we explore treatment-effect heterogeneity by students’ sex. We
find that for all literacy outcomes the estimated treatment effects for girls are larger than those for boys. However,
we cannot reject equality of the estimated coefficients.
36. Of course, this also allowed more able students into the tutorials in Cohort 1. However, as Figure 6 shows,
this aspect of heterogeneity does not seem to explain the gains we observe over time.
37. Students are classified according to the observed number of students in the tutorial.
38. In Online Appendix Table A.5 (Panel B) we show that the point estimate of the treatment effect is also
larger for those students that come frommore homogeneous classrooms. However, we are only able to reject the
null hypotheses of equal treatment effects at normal confidence levels for “reading of nonwords” and “reading
comprehension.”
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Taken together, these results suggest that neither the size nor the composition of the
tutorial groups can explain the increasing effectiveness of the intervention over time.

D. Tutors’ Experience

About 40 percent of tutors in Cohorts 2 and 3 had taught in a previous cohort. In Cohort
2 the share of students taught by a tutor with previous experience was 0.45, while in
Cohort 3 this share was 0.33. The last rows of Table 7 present the learning gains of
students taught by tutors with or without previous experience. As tutors in Cohort 1 had
no experience, we estimate these last two columns using Cohorts 2 and 3. We find that
students who received instructions from experienced tutors gained 0.145 of a standard
deviationmore in the overall literacy score.39 However, this difference is not statistically
significant. These differential impacts in the overall score mask some heterogeneity
across subtasks. Students of less experienced tutors did better in knowledge of letter
sounds, while students of more experienced tutors fared better in reading. This may
reflect differences in allocation of time to different activities between more and less
experienced tutors.

E. Fine-Tuning of Material

So far we have explored quantifiable changes that could explain the increased effec-
tiveness of the intervention over time. The analysis suggests that the increased dosage
played an important role. Other factors, such as the targeting of the intervention, the
composition of the tutorial groups, and the increased experience of the tutors, seem less
important.
A last factor, more difficult to quantify, is that some of the difference might be also

attributed to the fine-tuning of thematerial that occurred fromCohorts 1, to 2, to 3. A first-
order modification between the first and subsequent cohorts dealt with adjusting the
difficulty of the texts used. Text difficulty is a key factor for comprehension. Texts that
are too easy do not challenge students by providing enough difficult words. Texts that are
too difficult do not provide enough opportunities to practice fluency and may prevent
the activation of complex processes of comprehension.40 In addition to these changes,
in the third cohort, we included warm-up phonological awareness exercises, reorga-
nized the readings in some of the sessions, and replaced some exercises related to
vocabulary development in favor of others that further promoted reading fluency.
Unfortunately, it is not possible to quantify how much this could have contributed

to the gains. The only variations between Cohorts 2 and 3 are the tutors’ experience and
the fine-tuning of the material. Thus, we speculate that the adjustment of materials is
one of the main drivers of the differences in the effectiveness of the intervention between
the second and third cohorts. This is, of course, only speculative. It could be that other

39. Because the allocation of tutors to schools was randomized in each cohort these results are not driven by
differential tutor dropout from worse-performing school.
40. Students are trying to decode words whose meaning they do not know. Texts that are too easy do not
provide enough opportunity to practice more difficult words. Beach and O’Connor (2014) argue for a potential
threshold effect. It is necessary to select texts in which students can read at least 85 percent of words accurately
to foster meaningful fluency growth.
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contemporaneous factors, such as thework of the institutional participants, changed as the
program evolved. We do not think this is the case. The municipal government and the
NGO, for instance, had little involvement in the day-to-day activities beyond the work of
the tutors or the decisions regarding format of the tutorials or the materials. The schools
also had little room to adjust their behavior. The tutorials happened in the second semester
of the school year, when most decisions regarding classroom assignment of teachers
and students had already been made.41

VI. Cost-Effectiveness

A natural comparison with our evaluation of a tutoring remediation
program is the “Balsakhi” program implemented in India in 2001 and analyzed by
Banerjee et al. (2007). The authors find an average learning gain of 0.28 of a standard
deviation (s) at a cost of USD 2.25 per student. The tutoring intervention analyzed in
this paper is similar in terms of effectiveness, with students gaining 0.270swith a cost
of implementing the intervention of USD 89 per student in 2016. The largest items
driving the cost were wages and transportation of tutors.42 To compare both costs, we
can translate them into a common unit. The Balsakhi tutoring program translates into a
cost of 0.5 percent of forgone consumption per capita, while the intervention evaluated
in this paper achieves a similar learning gain but costs 1.5 percent of forgone con-
sumption per capita.43 This difference in cost is likely explained by economies of scale.
While our tutorials had up to six students, those evaluated in Banerjee et al. (2007) had
15–20 children. The costs of our intervention are likely to be smaller in larger school
districts where transportation costs are lower, and tutors can teach more children per
day (by offering more sessions).
A second policy-relevant indicator of cost-effectiveness would be to compare learning

gains and costs during the relevant school year with those of the intervention itself. Third-
grade students in the control group increased learning by 0.18s per 100 dollars spent,
whereas our intervention achieved a learning a gain of 0.30s per 100 dollars. However,
as noted byMuralidharan, Singh, and Ganimian (2019), while spending in education can
increase unboundedly over time, students are in school only for a set number of hours a
day. For this reason, it is also relevant to evaluate the effectiveness of the program in
terms of its time costs. Again, students in third grade gained about 0.12s per 100 hours
of class, while students in our tutorials gained a total of 0.18s per 100 hours.44

41. Other contextual factors, such as the political climate, the weather, or any other municipal-level event
would have equally affected both treated and control schools and therefore could not explain the increasing
effectiveness of the program.
42. See Online Appendix Table A.6.
43. According to the World Development Indicators, GPD per capita in current dollars was 451 for India in
2001 and 5,871 for Colombia in 2016. Thus, 2.25/451· 100= 0.5 and 89/5871· 100= 1.5
44. Recall from Section IV that students in our program gained 0.270s and that, during third grade, students in
the control group gained 0.4s. Students in third grade spend 1,000 hours in class at an annual cost of USD 665
per student (OECD 2019). We assume, conservatively, that students spend one-third of the time in class
acquiring literacy skills. Students in our program spent a total of 32 hours in the tutorials at a cost of USD 89 per
student. This yields a per 100 dollar effect of (100 · 0.4)/(665/3) = 0.18 for students in the control group and
(100 · 0.270/89= 0.30) for treated students. Similarly, this yields a per 100 hour effect of (100 · 0.4)/(1000/
3)= 0.12 for students in the control group and [100 · (0.4+ 0.270)]/(1000/3+ 32)= 0.18 for the students in the
tutorials; this assumes, conservatively, that 32 hours were additional hours of literacy.
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VII. Conclusion

In countries where many students are reading below grade level, it is
important to find effective remediation methods so students acquire basic skills that
they need to progress in school and in life. We present the results of a remedial tutorial
program conducted for small groups of third-grade students. Instructors followed a
structured curriculum to implement a 16-week remediation program during school
hours three times a week for 40 minutes. The experiment took place in Colombia and
involved 90 schools and more than 2,000 children in each of three different cohorts.
Immediately after the experiment, reading fluency improved among treated children
by no less than 20 percent of a standard deviation. We followed these children into
the next academic year where these gains persisted. We find that the gains of the
program increased for each subsequent cohort that received the program.
Duflo (2017, p. 4) argues that, in designing successful policies, economists should

view their work like that of plumbers. They “will use a number of things.to tune every
feature of the policy as well as possible, keeping an eye on all the relevant details as best
he can. But with respect to some details, there will remain genuine uncertainty about
the best way to proceed.” Some of this uncertainty can be resolved by learning through
experimentation. Our paper offers a good example of how economists can take this
approach by using sequential experiments to adapt, refine, and test design features of
a policy to beneficial effect. In our first experimental cohort, we found limited gains
to the intervention. In conversation with our partners we decided to make several
changes to address potential factors that likely explained our limited initial success.
These steps included targeting, tutorial composition, dosage, and the design of the
material. On the one hand, by continuing experimentation with subsequent cohorts
we were able to show that increasing dosage (that is, by offering more sessions and
make-up sessions) and material design are important in explaining the gains we observe
over time. On the other hand, we showed that the results are homogeneous across the
ability distribution and that changes in tutorial size and composition are not important
factors in explaining the success of subsequent interventions.
We take our intervention to be a cost-effective remediation program. However, these

results should not be interpreted as arguing against earlier interventions (such as chang-
ing the way reading is taught in earlier grades of school so that fewer children reach the
third grade still struggling to read). Taking similar steps earlier could be even more cost-
effective.
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