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5. Reducing Inequality in
Education Using “Smaller,
Quicker, Cheaper” Assessments

Luis Crouch and Timothy S. Slade

Introduction

With the advent of the Sustainable Development Goals (SDGs), and
especially SDG4, several important trends have developed within the
global education community, particularly in low-income and lower-
middle-income countries. Some of the trends pre-date the SDGs, but the
SDGs certainly increased focus on them.

First, the world is moving towards the concurrent measurement of
access to education and learning, not just access (or a learning proxy
such as primary-school completion), as was the emphasis under
the Millennium Development Goals. In addition, it is moving away
from tracking average performance, and is instead focusing on equity
and equality. Second, there has been a mushrooming of efforts and
data sources that are intended to measure equity and inequality.
International and regional assessments continue to grow and adapt
by honing their ability to discriminate at the bottom of the learning
scale.! In particular, there has been an enormous growth in the sorts of
“smaller, quicker, cheaper” (SQC) measurements Wagner called for in

1 E.g., PISA for Development (https://www.oecd.org/pisa/pisa-for-development/)
andIEA’sLANA (https://www.iea.nl/publications/presentations/ga56introducing-
ieas-lana-developing-countries).
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an influential 2003 paper, and further discussed in Wagner’s books in
2011 and 2018. Measures like PAL and EGRA have now been used in
hundreds of country/language/script contexts.? Third, in part because
of the dramatic evidence provided by the SQC data, there has been
a wave of interest in using the measurements to improve outcomes,
precisely as Wagner intended. In one of the latest signs of that interest,
the World Bank is seeking to cut the proportion of 10-year-old non-
readers in lower-middle-income countries by half, from around 50
percent to around 25 percent, by 2030 (World Bank, 2019). Fourth,
there is evidence that countries are beginning to make significant
measured progress on some of these fronts, at least at the pilot level
(Graham & Kelly, 2019). These efforts have made micro data on pre-
and-post treatment-and-control sets available that have typically not
been available previously.

This chapter responds to these trends, and will show how they can
be potentiated to tackle the issue of learning inequality. It will focus on
two issues: (1) whether and how inequality measures can be applied
to different sorts of assessment data, especially SQC data, and (2) how
different kinds of assessment data, and their corresponding inequality
measures, can be used to actually address inequality, along with
average performance levels. The focus will be largely empirical, based
on data and qualitative observations, and children at the “bottom of the
pyramid”, as defined in the research by Wagner and others (Wagner,
Wolf, & Boruch, 2018). In this chapter, the “bottom of the pyramid” will
be represented by the percentage of children who achieve a score of zero
on an oral reading fluency exam.

The chapter is structured as follows. After this introduction, a
literature review sets out what we could find on the relationship
between variations in averages and variations in inequality or (a very
different concept) “percent below a learning floor”. A subsequent
section briefly notes how this chapter differs from that literature, and
thus hopes to make an original contribution. The most substantial

2 People’s Action for Learning Network assessments, informally known as Citizen-
Led assessments, as at https://palnetwork.org/the-pal-network-case-citizen-led-
assessments-to-improve-learning/, Early Grade Reading Assessments as at https://
www.sciencedirect.com/science/article/pii/S0738059314001126 and described by
Dubeck and Gove (2015).
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section of the chapter then uses micro data to test various hypotheses
about the measurability of inequality and “percent below a learning
floor” and, much more importantly, how these two things co-vary with
improvements in the average levels of learning. We do this via reference
to two cases (from the same country and modeled on each other) and
their corresponding micro data. We give primacy to a set of data from
Kenya because of foreknowledge that the data were clean, detailed, and
plentiful. The next section describes the substantive literature from the
cases. Then, we provide policy implications as to why the data look
the way they look, and what the data are telling us about whether and
how things change (or don’t) for the bottom of the pyramid as averages
improve (or don’t). Finally, we reprise the finding and provide new
research directions in this area.

Literature review

To the best of our knowledge, the application of inequality indices
to education—of the sort usually applied by economists to monetary
income, wealth, or physical assets such as land—dates to a decade
or two after the World Bank first launched significant operations in
education. In the early 2000s, Thomas, Wang, and Fan (2001; 2003)
published papers calling for the application of the Gini coefficient
to educational attainment (years of schooling). At around the same
time, the World Bank’s World Development Report (2006) was the first
major publication by an international agency to provide a systematic
compilation of such measures for a relatively large set of countries
(28), with a good mix of countries from the low-, middle-, and high-
income groupings. The coefficients were based on years of education
already received by the adult population, not the current expected
years of education. Thus, the concept was analogous, in some sense, to
financial or physical wealth.

Strikingly but not surprisingly, these coefficients varied from around
0.2 for countries in Europe and an entity called “C Europe” to around
0.6 for sub-Saharan Africa—the same as what similar tables for income
show. While they do not say so explicitly, one can infer from Thomas,
Wang, and Fan (2001) that the median value for this education Gini
(applied to years of schooling rather than learning outcomes) was
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about 0.4, which is similar to the current median global income Gini
of 0.38. They establish certain interesting facts, such as that the Gini
coefficient for years of educational attainment shows quickly-reducing
inequality as average years of schooling increase. This is sensible, since
individuals are unlikely to pile Ph.D. upon Ph.D. the way they might
pile on income.

Both “years of education” and scores on learning assessments could
have reasonable upper limits (and certainly do in most international
assessments), and therefore the higher the average, the lower the
inequality, as high values would be censored from above.* However, in
those assessments, only a tiny (a few percent at most) of children “top
out” at the constructed maximum, and the learning measures used in
this chapter do not even have a theoretical or constructed maximum.* As
noted above, recent calls for this kind of analysis have been associated
with the work of Dan Wagner and various colleagues such as in Wagner,
Wolf, and Boruch (2018), but their focus has been more on the notion of
the “bottom of the pyramid” which is more of a “poverty of learning”
concept than a strictly distributionist one.

In addition, other research has asked whether increases in average
performance are associated with decreases in inequality or in “percent
below a learning floor”. These include two existing lines of research
(though they typically do not use SQC measurements). One associates
differences in cross-sectional data, especially in assessments such as
PISA, TIMSS, and PIRLS, to the hypothesized dynamics of increases in
average performance; that is, this research looks at whether variations in
mean levels of performance are systematically associated with variations
in either the distribution of performance or the percent of children below
some minimum (“percent below a learning floor”). Other research looks
at these variables as actual changes, over time, in countries that have
participated in assessments multiple times.

Papers that compare differences in mean scores cross-sectionally
with differences in inequality include Freeman, Machin, and Viarengo

3 While oral reading fluency, the primary measure discussed in the analysis section,
lacks a theoretical upper limit, for all practical purposes it rarely exceeds 200 correct
words per minute, especially in the early grades.

4  The previous five or six sentences borrowed liberally from Crouch and Gustafsson
(2018).
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(2011), Oppedisano and Turani (2015), Micklewright and Schnepf
(2006), Bruckauf and Chzhen (2016), and Sahn and Younger (2007).
They also attempt to dig into some of the possible determinants (e.g.,
Ferreira & Giroux, 2011). A paper by Crouch and Rolleston (2017) as
part of the RISE program looked at many of these issues, bringing in
evidence from regional learning assessments and special longitudinal
studies that measure learning in the same group of children as they
grow older (SACMEQ & Young Lives). Little research seems to have
explored the long-term changes in the inequality coefficients. One
exception was Crouch, Gove, and Gustafsson (2009). Using household
surveys from Latin America, we asked about respondents’ years of
education and their recall of their parents’ years of education; the Gini
coefficient for years of education improved from 0.58 to 0.36—quite a
significant change.

These studies typically focus on one assessment for a specific
(sometimes relatively distant) year. Crouch and Gustafsson (2018),
on the other hand, systematically look at data from all of the known
assessments within a certain period of time and attempt to explore the
same issues. Two or three conclusions are relevant here. First, looking
at cross-sectional data from most recent assessments, the correlation
between differences in average learning levels and differences in the
within-country distribution of scores is ambiguous: for some, there is a
positive association, for some thereis a negative association. Somewhat
worryingly, the study found that the associations depended on the
assessment organization, suggesting that some of the association,
positive or negative, could have been due to methodological issues.
Second, the paper unambiguously concludes that, in all of the used
assessments, differences in average scores between the low scorers
and the medium scorers are very strongly associated with reductions
in the percent of children below a certain level of proficiency (both
in the correlation sense and in the effect-size sense, though these are
more or less equivalent in two-factor correlations). The World Bank
(2019) calls this percentage the “learning poor”, which is analogous
with Wagner’s concept of the “bottom of the pyramid”.® Thirdly, the

5 In this context we will eschew the term “learning poverty” because it connotes, to
non-economists, that below that floor there is no learning. But, of course, children
do learn even if they are not in school. We know that is not what economists mean,
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paper concludes that when time-series are available, they confirm the
impression from the cross-section analysis: improvements in overall
levels are at first strongly associated with reductions in the percentage
of children below a learning floor. A methodological point in Crouch
and Gustafsson (2018) is that it is hard to study inequality using Item
Response Theory (IRT)® scores, since they are not a completely natural
metric.”

The learning metric used in this chapter, oral reading fluency, is also
a “natural” metric. However, it is important to clarify that we are not
talking about the distribution of knowledge or skill. After all, regardless
of whether one is using IRT or classical scores, increases in scores do
not necessarily mean the same thing, regardless of the starting value.?
Studies of the issue by IEA confirm this (Mullis, Martin, & Loveless,
2016), and their results are amplified by Crouch and Gustafsson (2018,

p-29):

...An analysis by Mullis et al. (2016: 58), ... examine(s) the improvements
amongst TIMSS Grade 4 countries, between 1995 (but in some cases
2003) and 2015, focusing on improvements at the 10th and 90th
percentiles. They conclude that national gains are driven more by the
desired change at the bottom end of the performance spectrum than
the top. Of eighteen countries, all but four saw larger—and often much
larger— improvements at the 10th than the 90th percentile. The present
analysis...establishes that the movement is towards less ‘percent below
a learning floor.” Just six SACMEQ countries were considered to have
made significant improvements in their national mathematics score

but to prevent communications barriers we will use another term, namely “percent
below a learning floor”.

6  The more “modern” technique for scoring learning assessments, which has many
advantages, but has one disadvantage in that the scores are not easy to interpret as
a “percent correct answer” in a more classical scoring method.

7  That paper tends to use classical (percent correct) scores, even for the international
assessments. It shows that the correlation between classical and IRT scores is so
high that one may as well work with the more natural “percent correct” measure.

8 It is difficult to say, for instance, that a child whose score improved from 50
to 60 improved their knowledge as much as one moving from 60 to 70. Perhaps
the questions answered in moving from 60 to 70 were harder. Many economists
recognize that the ultimate goal of policy should be utility or happiness, not
income. But they tend to talk about the distribution of income, not the distribution
of happiness. This is probably by accident, not by wisdom. But it would do for us to
talk about the distribution of scores, not of learning.
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between 2000 and 2007. ...Generally, the six SACMEQ countries did see
larger reductions at the bottom than gains at the top.

We draw three distinctions in the rest of this chapter. First, we distinguish
between inequality—especially as a measure of pure dispersion, most
often not in association with other putatively causative factors such
as gender or socioeconomic status—and percent below a learning
floor (a measure similar to income poverty). Second, we distinguish
between what one may call pure inequality—namely “pure” variance or
something like it—and variance associated with other factors. Inequality
and percent below a learning floor are clearly not the same thing, and
this distinction has proven to be analytically useful in the literature on
economic development and, to some degree, education. Only the notion
of percent below a learning floor is directly relevant to the calls for attention
to the issue from the World Bank (2019) and Wagner et al. (2018).
Third, the notion of “pure” inequality or “percent below a learning
floor”, as de-linked from gender, social status, etc., is most relevant to
measurement-based standards and practices related to teaching and
learning. Measures associated with other factors like gender or income
suggest targeting school support based on those factors, whereas
measures associated with “pure” inequality suggest targeting support
based on learning outcomes.

Points of departure of the present study from the reviewed
literature

The research reviewed above uses aggregated data, either reflecting
cross-sectional variation or changes over time for the few countries
that have participated in given assessments for multiple years. None
of it looks at micro data from the same students, or at least the same
teachers or classes at different points in time, while controlling for
whether a bona fide pedagogical intervention has taken place, if
possible.

We focus almost entirely on issues surrounding measurement:
do the measures “behave well”, do they seem robust, and are they
interpretable? We also delve briefly into the pedagogical issues that
relate to the changes in measures, but more as a way of showing what
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one can learn for educational programs and policies, rather than to
come to any firm and generalizable conclusions. If the measures do not
seem to have any actionable implications for policymakers, they would
be of little use.

At the same time, though the evidence from the literature review
seems to show that countries can improve their average performance
(at least from low to middling levels) by paying attention to the left
tail of their score distributions, how precisely they do so is not clear. In
this chapter, we focus more on whether micro evidence of improvement
in averages also addresses either cognitive inequality or percent below
a learning floor (or both). However, the data themselves and some
of the qualitative write-ups on improvement efforts do provide some
tantalizing early suggestions.

Data and methods
Measures used

Though the most recent calls for a “Gini coefficient” analysis of
education and learning inequality (sometimes implicitly) call for that
specific measure, it seemed prudent to assess the behavior and utility of
several others as well. We chose the following measures for the reasons
noted in Table 1.°

9 A good primer on measures of poverty and income inequality is to be found at
Haughton and Khandker (2009), available at: https://openknowledge.worldbank.
org/bitstream /handle/10986/11985/9780821376133.pdf.
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Data and methods, PRIMR and Tusome in Kenya

Over the last decade, the Early Grade Reading Assessment (EGRA) has
been used in more than 70 countries and 120 languages to estimate the
reading abilities of primary school learners, using a variety of reading
and pre-reading metrics (RTI International, 2015). EGRA is comprised
of tasks designed to measure skills such as phonological awareness,
decoding, listening comprehension, and others. But policymakers
frequently focus on learners’ results on the oral reading fluency
(ORF) metric, as it is the closest analogue to the common “educated
layperson’s” understanding of what “being able to read” means—
independent reading of narrative text.”

From the earliest days of EGRA, and using various classical analyses
of EGRA results, it was the skill that had the highest item-test and item-
rest correlation, and is the one that weighs most heavily in factor analyses
attempting to discern whether there is a latent construct that can be
called “early grade reading skill”. These correlations or associations are
all highly statistically significant and, substantively, follow the patterns
one would hope (e.g., the principal-components analysis has a big
first-factor weight, a big drop-off between the first and second factor,
and the sub-skills load reasonably evenly onto that first factor). For the
two EGRA applications in PRIMR and Tusome, described below, the
Cronbach’s alpha measures 0.81 and 0.86 respectively.

In the data that comprise the source for this chapter, the child is
presented with a simple story of approximately 60 words in length and
is asked to read aloud as much of it as they can within one minute. If
the child is unable to complete the text within the minute, the exercise
is stopped and the last word they attempted to read is noted. If the child
reads the entirety of the text before the minute elapses, the assessor
stops the timer and notes the amount of time remaining. In either case,
the assessor tracks the child’s progress and marks any words that the
child reads incorrectly.

ORF is reported in correct words per minute (cwpm). For children who
do not complete the passage, their cwpm score is simply the number of
words they read correctly. For children who complete the passage with
time remaining, the number of words they read correctly is transformed
into a cwpm score according to the formula as follows:

13  Silent reading skill as an addendum to EGRA tasks is being piloted.
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items_per_minute = items_correct

(time_for_task — time_remaining) * 60

The result is a continuous measure bounded from below at 0.** Children
who are unable to read a single word correctly obtain a zero score. The
inequality analyses presented in this chapter depend upon a continuous
measure and are therefore appropriate for use with EGRA data. Note
that there are many other tasks in a typical EGRA application, from
more phonemic ones to others aimed at comprehension.

The ORF data used in these analyses were collected under the United
States Agency for International Development (USAID) Primary Math
and Reading Initiative (PRIMR) and Tusome Early Grade Reading
Activity (“Tusome”).

PRIMR was a partnership between USAID and Kenya’s Ministry
of Education, Science, and Technology (MoEST), meant to identify
mechanisms to improve reading outcomes in Kiswahili and English
(RTI International, 2014). It was implemented from 2012-2014 in 547
government primary schools and low-cost private schools (LCPS) in
four Kenyan counties: Nairobi, Murang’a, Kiambu, and Nakuru. PRIMR
used a three-cohort design: Cohort 1 received the intervention from
2012-2013, Cohort 2 from 2013-2014, and Cohort 3 was retained as a
control until after the endline data collection had concluded. Kiswahili
and English reading outcomes among Grade 1 and Grade 2 children
were assessed using EGRA at baseline, midline, and endline, and using
comparison groups.'®

Tusome was a partnership between USAID and Kenya’s MoEST that
brought the most promising interventions from PRIMR to all public
primary schools in the country and 1,500 LCPS. While the intervention
was ultimately extended to Grade 3, the external impact evaluation
only assessed the Kiswahili and English reading performance of Grade

14 There is no fixed theoretical maximum, as it depends on the total items in the
task and the time allotted. Practically speaking, it is extremely rare to find ORF
scores exceeding 200 cwpm. Adults with many years of education and who read
for a living, but without training in speed reading, can read (aloud) about 200-220
cwpm at an unforced pace.

15 The current analyses do not include data from PRIMR'’s “ICT Pilot” in Kisumu
County.
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1 and Grade 2 children. Given the universality of Tusome, there was
no control group. The analyses shown in this chapter incorporate data
from Tusome’s baseline and midline EGRAs, conducted in July 2015 and
September through October 2017 respectively. The data were collected
from 204 schools (of which 174 were public and 30 LCPS) according
to a three-stage cluster sampling approach designed to yield nationally
representative estimates.

Results

Results are presented separately for PRIMR and Tusome. Initial analyses
focused on whether specific measures of inequality could be computed,
and if so, whether they appeared to behave in ways that would be
consistent with theory. Separate analyses for Kiswahili and English
are presented for key subpopulations defined by grade (Grade 1 vs.
Grade 2) and round of assessment (baseline, midline, or endline). For
the PRIMR data, additional breakdowns are provided by cohort, which
capture treatment status and duration of intervention (see Table 2). As
Tusome was a nationwide intervention in all public primary schools,
the results are from treatment schools. We focus exclusively on the oral
reading fluency score, as it is our best available proxy for reading ability.'¢

Basic results, behavior, and interpretation of the measures

The following section first shows basic results that help us decide whether
the measures are “well-behaved”.”” We then draw out some of the
substantive interpretations. Table 2 and Table 3 below report estimates

16 Reading comprehension measures better represent the actual goal of reading.
However, EGRA’s reading comprehension measures have very few (five) items and
are categorical in nature, making them ill-suited for this analysis.

17 We do not mean “well-behaved” in a particularly rigorous manner. In general we
are looking for “good behavior” in the sense of ratios that do not become infinite
or undefined, indicators that move more or less with each other (so that the Gini
coefficient does not decrease significantly while the coefficient of variation goes up,
say), or numerical results whose directional movement ends up making intuitive
sense and lines up with some reasonable substantive narrative that fits the observed
facts. In some sense, this notion of “good behavior” is meant to answer questions
such as “does it seem possible to measure learning inequality in these ways”, and
“does that measurement make sense for the context and situations noted?”
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for several inequality measures: the Gini coefficient, the Generalized
Entropy Index with (GE(2)), the ratio of the 90" percentile score to
the 10" percentile score (ratio_p90p10), the ratio of the 75" percentile
score to the 25 percentile score (ratio p75p25), and percent scoring zero
(pct_zero). The tables also include estimates for the mean fluency and
associated coefficient of variation (CV) for each subpopulation. The
mean is presented not as a measure of inequality (which it is not, of
course) but because without it, it is harder to interpret the measures of
inequality that are presented (see Table 2).
In terms of being “well-behaved”, several patterns emerge.

1. Ratio of Px to Py. In nearly every subpopulation, ratio_p90p10
cannot be calculated because more than 10 percent of the
children assessed recorded a score of zero. While ratio_p70p25
can be calculated more frequently, it is available for fewer
than 50 percent of the subpopulations, and far less frequently
for Kiswahili than English. We know from the work of other
colleagues that this ratio, applied to other datasets, also tends
to break down (e.g., Dowd, 2018). It may be that, in spite
of the intuitiveness of the ratio and its easy use in income
and wealth analysis, it is the least usable of all the measures
assessed. In fact, the measure is so ill-behaved that we find it
difficult to say anything substantive based on it. However, for
the sake of illustration, in some 30 rich countries, Gromada et
al. (2018) found a median ratio of only 1.41 (for p90/p10) for
education (reading, primary school), considerably lower than
the 5.0 (estimating across all our measures) that we observe.'
In a variety of US household surveys from the 1990s, Hao and
Naiman (2010) show this ratio to be around 25 on average, for
income.

2. Gini coefficient. The Gini coefficient for learning seems
to consistently behave well. The values observed are in line
with what one observes from comparative studies or simple

18 The 1.38 for the Gromada et al. (2018) study is our interpretation. Given that they
use a metric without a valid zero, we projected “zero” as our projected score of the
child at 1st percentile, subtracted that from scores at all the key percentiles, and
then calculated the p75/p25 ratio.
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databases of income and wealth inequality.’” In recent years,
according to World Bank estimates, the most income-unequal
countries (taking together all countries’ unique measurement
points in the last five years), were South Africa and Namibia,
with income inequality Ginis around 0.6, and the most
equal were some of the ex-Soviet countries such as Ukraine
and Belarus, with Ginis for income around 0.25, similar to
many of the Nordic countries. Below we can see the Ginis
for learning consistently (but not invariably) decrease from
baseline to endline, and are similar to the income Ginis for
unequal societies. At a glance, the Gini appears to be roughly
comparable across languages, and tends to be smaller in Grade
2 than in Grade 1. This is also intuitive: we would expect Grade
2 scores to have less variation, as longer exposure to the school
system begins to smooth out the effects of household-level
factors.

Coefficient of variation. This indicator also behaves well. The
correlation coefficient between the CV and the Gini is 0.84
(across all cohorts); these two measures of inequality move
together well and tell more or less the same story. It does have
the disadvantage of not having a theoretical upper bound, and
it can be more influenced by outliers than the Gini coefficient.

Percent scoring zero. The “percent scoring zero” also behaves
well. Analysts working on fluency have been analyzing these
data for some time, and do not report major issues with this
measure, so one would expect this.*® Note that this indicator
is more akin to the concept of “percent below a learning
floor” than inequality and, as noted in Crouch and Rolleston
(2017) and Crouch and Gustafsson (2018), this indicator
may matter more. The correlation with the Gini coefficient
across the observed data points is 0.97. As will be noted
below, this measure influences the Gini coefficient in a very
understandable and reasonable way.

19
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The data referenced here are from a download of the World Bank’s World
Development Indicators, that can be found at https://datacatalog.worldbank.org/

dataset/world-development-indicators.

See examples from many countries at https://earlygradereadingbarometer.org/.


https://datacatalog.worldbank.org/dataset/world-development-indicators
https://datacatalog.worldbank.org/dataset/world-development-indicators
https://earlygradereadingbarometer.org/
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5. GE(2) index. The GE(2) index appears to behave well, too.
Values generally but not uniformly decrease over time, both
from baseline to endline and from Grade 1 to Grade 2. Any
differences between the GE(2) values for English vs. Kiswahili
within a given cohort and round of assessment appear slight
and may not be meaningful. For all subpopulations in both
languages, the GE(2) was substantially reduced by midline
relative to the baseline; changes between midline and endline
were comparatively modest, and sometimes reversed course.
In general the GE(2) measures seem more sensitive than the
Gini coefficient: they show bigger changes between baseline
and midline. Whether that would continue to be the case with
other datasets is unknown for now.

Table 3. Range of inequality measure results, Tusome.
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e = could not be calculated.

The general patterns we observed in the PRIMR data—which contained
more schools, but were from a narrower representative sample—are
reflected in the Tusome data as well. The ratio_p90p10 can rarely be
calculated, and while ratio_p75p25 is available slightly more often, it is not
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consistently so. The Gini coefficient appears roughly comparable across
languages and tends to diminish both over time, both from baseline to
midline and from Grade 1 to Grade 2. The coefficient of variation in both
languages narrows from baseline to midline and from Grade 1 to Grade
2, while the mean scores increase. Likewise, the percent scoring zero
and GE(2) diminish substantially from baseline to midline and Grade 1
to Grade 2 for both languages.

Selected graphical analyses and interpretation

The tabulations above suggest the ratio_p90p10 and ratio_p75p25 are
unlikely to present fruitful avenues of exploration and the GE(2) is
unfamiliar to non-economists. So, we set them aside in favor of further
exploring the Gini coefficient, the CV, and the percent scoring zero.

Fig. 1. Comparison of Gini measures at t0 and t1 to chartimprovement.
presents the Gini coefficients separately for each language for various
subpopulations at t and t,, where t  is a reference point and t, represents
a subsequent round of data collection. For Tusome, all t, are baseline
and all t, are midline. For PRIMR, a given t -t pairing may be any of
baseline-midline, baseline—endline, or midline—endline.?!

The reference line is the line of equality (but only in the definitional,
mathematical sense, not the Lorenz curves sense—see below). If the Gini
coefficient for a given comparison were the same at both time periods,
the dot would be plotted on the line of equality. If it has diminished
from t; to t,, the dot will move farther below the line. If it has increased
from t; to t,, the dot will move up toward the line.

Fig. 1. Comparison of Gini measures at t0 and t1 to chartimprovement.
also shows the Gini coefficient for each subpopulation at baseline, and
at the next period. Perhaps the most interesting and immediately visible
point is that the results are strongly patterned. One does not have to
know which subpopulation each dot represents to see the pattern.

21 We acknowledge that this approach results in some duplication of data. Removing
internal points (e.g., midline for PRIMR Cohorts 1 and 3) would eliminate some
of that duplication, but risk introducing either varying durations for the t0-t1
period (baseline-endline for Cohorts 1 and 3, but midline-endline for Cohort 2) or
preserving the durations but muddying the treatment/control status (as for PRIMR
Cohort 2, which was a control group from baseline to midline before receiving
treatment between midline and endline).
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Fig. 1. Comparison of Gini measures at t,and t, to chart improvement.

The gray line on the graph represents the 45-degree line of equality as
noted above. The fact that almost all points are below it tells us that, in
almost all cases, the Gini improved.

In addition to the 45-degree line of equality, we have overlaid
three other lines. The first one (middle line, dashed) is a simple linear
regression. It obviously has a slope less than 1, as can be seen when
comparing it to the 45-degree line of equality. The other two dotted lines
are “quantile regressions” that provide the best (non-linear, in this case)
fit through the scatter at the 15" and 85" percentile on the vertical axis
for every point on the horizontal axis.

We interpret these overlays as follows. First, using the 45-degree line
of equality, we can see that, as noted, the Gini coefficient nearly always
either diminishes from t to t, or stays the same, but rarely gets worse.
The interventions nearly always improve equality.

Second, we truncated both the horizontal and vertical axes at 0.3,
which is more or less the smallest value for both the t, and t; Ginis.
This just helps us concentrate better on the more meaningful parts of
the graphical analysis. Note that the regression through the points



5. Reducing Inequality in Education 169

has a slope much smaller than 1. This is telling us that at low values of
inequality in the baseline (t,), it is harder to further reduce the value by
t—at around 0.3 for t, we end up at about 0.3 for t,. But at 0.8 for t,
things have improved all the way to 0.53 or so for t,. This makes sense
given the concept of diminishing returns—but it is interesting how
strong it is. Thirdly and finally, the “buttonhole” shape created by the
lines at the 15" and 85" percentiles means that at both extremes (low-
starting and high-starting inequality, or a low- and high-starting Gini at
t,), the shift in Gini by t, is more predictable—not bigger or smaller (we
have already noted that the bigger it is at baseline the more it improves),
but rather, we are saying that for low- or high- starting Ginis the change
is more reliable. With Ginis of 0.3 and 0.8 at t, the range of improvement
is about 0.05 and .15 respectively, but with a Gini of 0.6 at t, the range of
improvement is about 0.22, a positive outcome.”

In Fig. 2. Non-readers at t0 and t1., the percentage of non-readers, or
“percent scoring zero”, shows the same pattern as the Gini measures.
Comparison of the dots to the grey line of equality shows that the
percentage of non-readers nearly always improves, and the dashed
regression line shows that the worse the value is at baseline (i.e., the
more children reading at 0), the more it improves—by a lot.

Improvements in mean reading fluency in Fig. 3. Mean reading
fluency at t0 and t1. show the same pattern as the inequality measures,
but, as one would hope, in reverse: almost all the points are above the
45-degree line, showing that skills almost always improved. The dashed
regression line through the observations does not have a slope very
different from the 45-degree line. It is slightly flatter than the line of
equality, which suggests that at low levels of fluency it is slightly easier
to make gains—again as one would hope, if not expect, given all the
foregoing (see Figure 3).

22 It is possible that we are seeing some regression towards the mean in these results.
However, it seems doubtful, given that the observations are not related to schools,
but to skill types and levels. Also, there is actually no regression: “good” values in
one period do not regress. It also seems less likely with measures of inequality than
with point measures. A simple principle more likely at work is something akin to
the law of diminishing returns: when one starts at a relatively good place, it may
be harder to move forward. On the other hand, while laws of diminishing return
make a lot of sense in fairly simple production processes (the returns of 100 kg more
fertilizer on a field of corn are not the same at high existing levels of fertilization
than at low), it is not as obvious that they would operate similarly in complex social
and managerial situations, such as school improvement.



170 Learning, Marginalization, and Improving the Quality of Education

Fig. 2. Non-readers at t, and t,.

Fig. 3. Mean reading fluency at t,and t,
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The graphical and statistical analysis done thus far shows that the
measures of inequality (Gini and CV) or percent below a learning floor
(percent scoring zero) and the means for reading fluency all behave as
expected, and in ways that are eminently interpretable—at least in data
from a couple of successful and related projects.

But the most interesting and important question is whether the
improvements in means from t to t,, cohort by cohort (as shown in Table
1 and Table 2), were correlated with reductions in inequality for the
same cohorts between t  and t,. Fig. 4. Changes in the mean and changes
in inequality. shows the correlation between improvements in mean
reading fluency and reductions in the Gini of reading fluency (and not
for any of the other inequality measures). The dark dashed line is the
standard regression and the dotted lines are the quantile regressions.
First, the correlation, at -0.65, is strong. The slope is also fairly strong:
with fluency improvements of around 10, the Gini improves by -0.15, but
with fluency improvements around 25, the Gini is improved by about
-0.25. This is notable, given that the starting Ginis were pretty high. So,
we can strongly conclude that in this case, the bigger the improvement
in the means, the greater the reduction in inequality in oral reading
fluency. We believe that this is a very important result.

Fig. 4. Changes in the mean and changes in inequality.
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Graphical link between the Gini measures
and the percent scoring zero medsures

One advantage of the Gini coefficient, aside from it being a widely used
measure of inequality, is that it has a graphical equivalent in the Lorenz
curve. It also seems to work well with the Gini coefficient for learning,
with the measures as used in this chapter. In this section we first explore
what the Lorenz curves tell us, then explain a link between them (and
the Ginis they represent), and the “percent scoring zero” measure of
percent below a learning floor.

Fig. 5. Shifts in Lorenz curves in response to successful interventions.
provides another way of reasoning about the distribution of oral
reading fluency within a subpopulation. It displays the Lorenz curves
for Grades 1 and 2 with respect to oral reading fluency, assessed in
English and Kiswahili. In this instance, a point on the Lorenz curve can
be interpreted as “the bottom X percent of children possess Y percent
of the total fluency”. The reference line is the line of equality: if fluency
skills were equally distributed among the population, for instance, the
bottom 20 percent of the children would have 20 percent of the fluency
skill. The gap between the reference line and the actual curve represents
the inequality of distribution; as the actual curve approaches the line
of equality, fluency is distributed more equally, and the gap between
the fluency haves and have nots is closing. The more bowed towards the
right-hand bottom corner, the more inequality the curve represents. The
dashed lines around each Lorenz curve are the confidence intervals for
the curves.® The link between the Lorenz curves and the Gini coefficient
is simple: the Gini represents double the area between the line of equality
and the Lorenz curve. It is important to keep this in mind when using
the Lorenz curves to analyze the inequality.

Consider the top left panel in the figure, representing the distribution
of English-language ORF among Grade 1 children assessed under
PRIMR. At baseline (represented by the yellow line), the bottom 80
percent of children together represent roughly 20 percent of the total
English-language ORF observed. As children at the lower end of the

23 We do not dwell further on the issue of statistical significance as it is generally
extremely high, and it is not the issue of interest—but it is good to just establish that
the differences are generally very significant.
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skill distribution improve their performance, the inequality diminishes
and the gap between the haves and have nots begins to close: by endline
(represented by the red line), the same 20 percent of English-language
fluency is held by “only” the bottom 60 percent of the children. The
bottom 80 percent of children, who formerly held only 20 percent of the
fluency, now hold nearly 50 percent of it.**

Fig. 5. Shifts in Lorenz curves in response to successful interventions.

Note that the interesting comparisons are not only across the grades
and languages, but also between the baselines, midlines, and endlines.
Fluency is unequally distributed in all cases. However, it is more
unequally distributed in Grade 1 than in Grade 2, as would be expected
due to unequal access to resources at the household level. While
Kiswahili fluency is slightly more unequally distributed than English in

24 Recall that these Lorenz curves are analogizing from income, thus the percent of
fluency is “held” by a given percentage of the children, exactly as one would say for
income or wealth.
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Grade 1 at baseline, by midline and endline (and throughout Grade 2)
it is less unequally distributed.

In each subpopulation, an initially enormous gap between the haves
and have nots has been substantially reduced by endline. In the case being
analyzed in this chapter, the vast majority of that gap is closed between
baseline and midline, with very little change in any subpopulation
between midline and endline. This is especially interesting because the
time elapsed from baseline to midline (10 months) and from midline to
endline (12 months) is approximately the same. This aligns with what
would be expected in the context of an intervention like PRIMR, which
explicitly prioritized the teaching of basic literacy skills (such as letter
recognition and decoding) before addressing higher-order literacy skills
(such as reading with automaticity for comprehension).

We can now explore the link between the Lorenz curves and the
“percent scoring zero”—a measure of percent below a learning floor.
From the graphics, it is clear that these Lorenz curves all have a flat
portion at the left, essentially the same as the horizontal axis, and then
bump up abit further to the right as the curve departs from the horizontal
axis. The length of the flat line to the left of the bump represents the
percentage of the population “scoring zero”. The interpretation is
clear: since the children to the left of that bump read at zero, they will
cumulatively “possess” zero percent of the cumulative proportion or
distribution of fluency—the variable represented on the vertical axis—
thus the line is flat and is the same as the horizontal axis. Itis particularly
interesting that it is the shifting of that bump that accounts for much of
the decrease in how “bowed out” the curve is towards the right-hand
lower corner of the graphics. That is to say, the reduction in percent
below a learning floor (percent scoring zero) accounts for a great deal
of the improvement in inequality.”

Policy implications

This chapter focused on answering several simple questions: do
inequality measures typically used in socioeconomic analysis work
for learning, and do they detect levels and changes (in response to

25 This is evident visually, and we do not quantify it here, but it would be possible to
do so.
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interventions) that are interpretable and meaningful? Do various
measures of inequality (such as the Gini coefficient) and measures of
percent-below-a-minimum correlate and reinforce each other, again,
in ways that are interpretable and meaningful? The results of the data
analysis carried out for the chapter strongly suggest that the answer to
these questions is “yes”.

But what accounts for the changes we observed? From a policy or
pedagogical standpoint, how do the indicators help us formulate actions
that could improve performance at the bottom of the pyramid? The data
from the implementations and pilots reported here were not designed
explicitly to deal with these questions. However, the results are strongly
suggestive.

There are strong indications as to the possible causal mechanisms in
some of the scholarly literature coming from PRIMR and Tusome. Piper,
Jepkemei, and Kibukho (2015) note:

Although the project [PRIMR] did not explicitly target the [income]
poor, the basic strategies in teaching literacy and numeracy skills have
proven to be effective in supporting pupils at risk for reading difficulties.
PRIMR is organized in ways that align with how best to support those
atrisk (p. 72).

In that paper, the authors compare the positive impact of PRIMR to the
negative impact of simply being poor (as measured by socioeconomic
status) and conclude that the PRIMR effect is considerably larger than the
poverty effect (see p. 78). This does not mean that the project definitely
improved the learning of the poor, as there was no specific targeting of
school support to specifically poorer regions, nor did the project work
in a set of randomized poor schools and a set of randomized wealthy
schools. It does mean, however, that the project’s impact was enough to
overcome the impact of being poor, as measured using the same dataset.
At the same time, the project was able to distinguish formal from non-
formal schools. The latter are more frequented by the poor, and PRIMR’s
impact on non-formal schools was much higher, in general, than its
impact on formal schools. Effect sizes (in terms of proportions of a
standard deviation) were twice as high among the non-formal schools
(p. 77). But note that the effect size, in this context, is a close cousin of
the coefficient of variation (the difference being that one is the inverse
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of the other, and in one the change in means is used as opposed to the
mean itself).

We have seen above that PRIMR typically improved the coefficient
of variation. This measure of “pure” inequality is thus associated with
having a larger effect size among the schools more frequented by the
poor.®® Thus, the finding from Piper et al. (2015) is not necessarily
inconsistent with a reduction in “pure” inequality, even if what was
being reported was not the impact on pure inequality but the impact
on the poor. As emphasized by a report where the impacts of various
treatments are assessed, the interventions in PRIMR and Tusome were
heavily focused on the basics, and also stressed fidelity of implementation
(Piper, Zuilkowski, Dubeck, Jepkemei, & King, 2018). Perhaps just as
importantly, both PRIMR and Tusome were fairly zealous about ensuring
that the main “vectors” whereby children are helped to learn—namely
the yearly scope-and-sequence of lessons, the actual lessons themselves,
the books, and the formative and summative assessment—are tightly
integrated with each other.”” Indeed, Piper et al. (2018) conclude that to
get the best impact you have to go “all the way”, with a combination of
teacher professional development, instructional support and coaching,
quality student books at a 1:1 ratio, and structured, scripted lesson plans.

There are important policy, planning, and managerial implications
here. Generally, if inequality is strongly driven by factors like poverty,
gender, or rurality, then targeting supporttoschoolsbased on those factors
makes the most sense. And, after all, there are other complementary
reasons to direct resources, in general, to poorer communities, as shown
by the literature on income transfers. However, if there is a high degree of
inequality amongst the poor themselves (and also, perhaps, inequality
amongst the non-poor), then an approach that targets the basics might

26 When the PRIMR dummy variable interacts with the poverty variable, oral reading
fluency being the dependent variable, the program seems to have had greater
absolute impact among the non-poor. Yet, this difference was small compared to
the average (much improved) absolute level of fluency, especially in the non-formal
schools. It may also be that, as noted or implied in other papers as well (e.g., Crouch
& Rolleston, 2017; Crouch & Gustafsson, 2018), “pure” inequality could be reduced
nonetheless, because inequality was reduced both amongst the poor and amongst
the wealthier.

27  Often, efforts to improve “quality” are more nebulous, and involve the use of “thin”
inputs, such as ensuring teachers are certified, or that there is a 1:1 pupil:book
ratio, without much consideration of actual teaching skill, or how relevant a book’s
content is.
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be best—one that is integrated and executed with considerable (but
not obsessive) fidelity, and (perhaps in addition) helps schools (and
individual children) based on results rather than location, poverty, or
gender.

Conclusions

This paper tests a variety of measures of inequality and a measure of
“percent below a floor” (or, in a loose sense, “learning at the bottom of
the pyramid”) to see whether they are “well-behaved” with the sorts of
data that are typically produced with SQC assessments. The measures,
used in Kenya, include the Gini coefficient, the ratios of performance at
the 90" and 75" percentiles to performance at the 10™ and 25* percentiles,
the coefficient of variation, the GE(2) generalized entropy measure,
and the percentage of children not reading at all. These measures of
inequality, and above all, changes in the measures, are then compared
to average performance on the assessment and improvements in the
averages.

We used the concept of “pure” inequality or dispersion to study
change over time, which is assumed to be produced at least in part by
random variation in teaching (where some children might be in luck
and get a fairly good teacher, and others are out of luck). In some sense,
this approach to inequality is one that corresponds most closely to issues
such as having systems stick to standards of outcome-oriented quality
assurance.

Our findings showed that the utilized measures were what we
term “well-behaved”. The Gini coefficient for learning, for instance,
corresponded to similar numbers for income. Generally, changes (or
very large or small values) in one measure correspond to changes (or
the corresponding large or small values) in the other measures. Thus,
there is internal coherence among all the measures and they all help to
tell more or less the same story. In other words, an important conclusion
from the use of the measures for assessing change over time is that the
changes are strongly and consistently patterned. In addition, while it
is true that, when inequality was high to start with, the reduction was
greatest, it is also the case that that reduction was statistically less
predictable. In the obverse, where inequality was relatively low to start
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with, reductions were harder to produce, but they were somewhat more
certain.

In sum, we found that when one correlates improvements in the
average levels (of reading fluency in this case) to changes in inequality,
the larger improvements in the average almost always correspond to
larger reductions in inequality. Though it is impossible to determine
precisely why these inequality reductions are achieved, it seems safe to
conclude that children with low initial learning (reading) results benefit
disproportionately from programs that are (a) aimed at the very basics
and the mechanics of learning to read; (b) contain at least the minimum
necessary set of “inputs” or “vectors” of quality (e.g., teacher coaching,
development of guided lesson plans, and corresponding books for
children to read, at the right ratio); and (c) provide tight integration
between vectors (so that lesson plans match the books’ content quite
rigorously, and so on for all other inputs) and are implemented with
considerable fidelity. Our findings support the hypothesis that consistent
measures of low-end performance can improve learning among children
at the bottom of the pyramid.
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