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Abstract

The Simple Poverty Scorecard®-brand poverty-assessment tool uses ten low-cost indicators
from Nigeria’s 2012/13 General Household Panel Survey to estimate the likelihood that a
household has consumption below a given poverty line. Field workers can collect responses
in about ten minutes. The scorecard’s accuracy is reported for a range of poverty lines.
The scorecard is a practical way for pro-poor programs in Nigeria to measure poverty
rates, to track changes in poverty rates over time, and to segment clients for targeted
services.

Version note

This paper replaces Chen, Schreiner, and Woller (2008). The new scorecard should be used
from now on, as it uses more recent data and an improved definition of poverty. Estimates
from the old and new scorecards are not comparable. To measure change, an existing user
who has a baseline from the old scorecard can apply both the old and new scorecards at
the same time to the same households, measuring change between the two applications of
the old scorecard and creating a new baseline with the new one.
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Simple Poverty Scorecard® Poverty-Assessment Tool

Interview ID:

Interview date: Participant:

Name

Identifier

Country: NGA Field agent:
Scorecard: 002 Service point:
Sampling wgt.: Number of household members:
Indicator Response Points  Score
1. How many members does the A. Ten or more 0
household have? B. Eight or nine 5
C. Seven 10
D. Six 11
E. Five 17
F. Four 19
G. Three 25
H. One or two 32
2. How many separate rooms do the A. One 0
members of the household B. Two 4
occupy (do not count C. Three 5
bathrooms, toilets, storerooms, D. Four 6
or garage)? E. Five or more 7
3. The roof of the main dwelling is A. Grass, clay tiles, asbestos or plastic sheets, or others 0
predominantly made of what
material? B. Concrete, zinc, or iron sheets 4
4. What kind of toilet facility does the A. None, bush, pail/bucket, or other 0
household use? B. Uncovered pit latrine, or V.I.P. latrine 3
C. Covered pit latrine, or toilet on water 6
D. Flush to septic tank, or flush to sewage 15
5. Does the household own a gas cooker, stove A. No 0
(electric, gas table, or kerosene), or microwave? B. Yes 3
6. How many mattresses does the household own? A. None 0
B. One 6
C. Two 8
D. Three or more 10
7. Does the household own a TV set? A. No 0
B. Yes 8
8. How many mobile phones does the household own?  A. None 0
B. One 2
C. Two 5
D. Three or more 7
9. Does the household own a motorbike or a car or A. No 0
other vehicle? B. Only motorbike 3
C. Car (regardless of motorbike) 11
10. Does any member of this household practice A. Farms or has uncultivated land, but no 0
any agricultural activity such as crop, sprayers, wheelbarrows, or sickles
livestock, or fish farming, or own land that  B. Farms or has uncultivated land, and has 3
is not cultivated? If so, does the household sprayers, wheelbarrows, or sickles
own any sprayers, wheelbarrows, or sickles? C. Does not farm nor has uncultivated land 3
SimplePovertyScorecard.com Score:



Back-page Worksheet: Household Membership

In the header, record the interview identifier, the interview date, and the
participant’s sampling weight (if known). Write the name and identification number of
the participant, of the field agent, and of the service point that the participant uses.

Read to the respondent: Please tell me the names of all the members of your
household. A household is one or more people—regardless of blood or marital ties—who
normally live in the same residence, eat together, and recognize the same head. To
count as a household member, a person must have normally lived and eaten with the
household for at least six of the last 12 months. Please be sure to include household
members who are temporarily absent, servants, students away at boarding school,
infants, and small children. Write down the names of all household members.

Count household members, and write the count by “Number of household
members:” in the scorecard header. Then circle the response to the scorecard’s first
indicator.

Please keep in mind the full definitions of household and household member in the
“Guidelines for the Interpretation of Scorecard Indicators”.
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Look-up table to convert scores to poverty likelihoods

Poverty likelihood (%)

National Poorest 1/2 2005 PPP 2011 PPP
Score Food 100% 150% 200% < 100% natl. $1.25 $2.00 $2.50 $4.00 $5.00 $1.90 $3.10
0-4 92.7 100.0 100.0 100.0 96.3 100.0 100.0 100.0 100.0 100.0 96.3 100.0
5-9 92.7 100.0 100.0 100.0 96.3 100.0 100.0 100.0 100.0 100.0 96.3 100.0
10-14 55.5 87.9 98.5 100.0 67.0 81.0 98.5 100.0 100.0 100.0 75.7 95.4
15-19 51.9 82.1 98.5 100.0 60.1 .7 98.5 100.0 100.0 100.0 71.4 95.3
20-24 44.2 75.9 95.8 97.7 50.4 74.1 96.1 97.5 99.7 99.8 62.5 92.0
25-29 28.8 69.6 92.8 96.8 37.6 63.1 92.9 96.4 99.6 99.8 48.0 87.5
30-34 19.2 53.4 84.1 93.8 27.1 48.8 85.0 92.5 99.2 99.8 36.8 76.4
35-39 12.7 40.1 75.4 90.9 18.5 35.8 76.6 87.5 98.5 99.2 25.9 65.8
4044 6.0 30.6 61.2 81.2 10.2 25.8 62.4 78.5 96.5 98.3 15.4 50.7
45-49 4.4 20.9 55.6 78.8 8.3 16.8 56.7 75.5 95.3 98.1 10.6 42.5
50-54 1.9 13.4 43.1 66.4 5.2 11.1 43.5 63.0 90.2 96.6 7.9 32.0
59559 1.1 5.0 32.0 04.4 2.0 4.6 32.5 49.2 84.3 91.6 2.9 204
60-64 0.2 3.8 25.9 49.4 0.3 2.9 26.5 44.9 82.3 87.7 0.5 15.4
65-69 0.2 2.7 14.2 35.4 0.3 2.5 14.3 32.1 70.0 83.2 0.5 7.8
70-74 0.2 2.6 9.3 224 0.3 2.5 9.5 19.1 55.3 73.6 0.5 4.8
75-79 0.0 0.0 2.7 7.9 0.0 0.0 2.7 7.1 43.2 59.9 0.0 1.8
80-84 0.0 0.0 0.0 4.5 0.0 0.0 0.0 3.5 22.5 43.1 0.0 0.0
85-89 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 11.7 26.9 0.0 0.0
90-94 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.5 19.0 0.0 0.0
95-100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 13.4 0.0 0.0




Note on measuring changes in poverty rates over time
using the old 2003/4 and new 2012/13 scorecards

This paper uses data from Nigeria’s 2012/13 General Household Panel Survey
(GHPS). It replaces Chen, Schreiner, and Woller (2008), which uses data from the
2003/4 National Living Standards Survey (NLSS). The new 2012/13 Simple Poverty
Scorecard® here should be used from now on.

The definition of poverty differs in the 2003/4 NLSS and the 2012/13 GHPS.
This means that point-in-time estimates of poverty rates from the old 2003/4 scorecard
are not comparable with estimates from the new 2012/13 scorecard.

Some pro-poor programs in Nigeria already use the old 2003/4 scorecard. If these
legacy users—after switching to the new 2012/13 scorecard—want to estimate changes
in poverty rates over time with existing baseline estimates from the old 2003/4
scorecard, then they must apply the old 2003/4 scorecard again to get a comparable
follow-up estimate. It is not possible to estimate changes over time with a baseline from
the old 2003/4 scorecard and a follow-up from the new 2012/13 scorecard.

If a legacy user applies the old 2003/4 scorecard for a second time as just
described, then it should take advantage of being with a participant in his/her
homestead to also apply the new 2012/13 scorecard in the same visit. This will provide

the best baseline for future estimates of change over time.



In sum, both first-time and legacy users should use the new 2012/13 scorecard
from now on. Looking forward, this establishes the best baseline. Looking backward,
legacy users of Nigeria’s old 2003/4 scorecard can still use existing estimates when
measuring change, but only for the old 2003/4 definition of poverty with the old 2003 /4

scorecard.

Users should not estimate changes in poverty rates for the period from A to C by
splicing together an estimate of change for the period from A to B based on the old
2003/4 scorecard and its definition of poverty with an estimate of change for the period
from B to C based on the new 2012/13 scorecard and its different definition of poverty.
This is because the “parallel lines” assumption does not hold. That is, the rate of
change under the old definition differs a lot from the rate of change under the new
definition. In particular, the estimated rate of change for all of Nigeria between the
2003/4 and 2009/10 NLSS is about 0.25 percentage points per year, while the estimate
between the 2010/11 and 2012/13 GHPS is about 1 percentage point per year (World
Bank, 2014). Of course, the two time periods do not overlap and so the estimates are
not fully comparable, but economic growth in Nigeria has been consistently rapid
(about 6 to 8 percent per year) from 2003 to 2013, and World Bank (2013) convincingly

argues that that new-definition estimates are more accurate.



Simple Poverty Scorecard® Poverty-Assessment Tool
Nigeria

1. Introduction

Pro-poor programs in Nigeria can use the Simple Poverty Scorecard® poverty-
assessment tool to estimate the likelihood that a household has consumption below a
given poverty line, to measure groups’ poverty rates at a point in time, to track changes
in groups’ poverty rates over time, and to segment clients for targeted services.

The direct approach to poverty measurement via surveys is difficult and costly,
asking households about a lengthy list of consumption items. As a case in point,
Nigeria’s 2012/13 General Household Panel Survey (GHPS) runs 114 pages.
Enumerators applied the GHPS questionnaire to each sample household twice, once in
the post-planting season of September to November 2012, and once during the post-
harvest season of February to April 2013. Each of the two rounds asks a given
household hundreds of questions. Many of these questions are repeated many times, for
example, for each household member, consumption item, or agricultural plot.
Enumerators completed interviews at a rate of about one per day.

In contrast, the indirect approach via the scorecard is simple, quick, and low-
cost. It uses ten verifiable indicators (such as “What kind of toilet facility does the
household use?” and “Does the household own a TV set?”) to get a score that is highly

correlated with poverty status as measured by the exhaustive GHPS survey.



The scorecard differs from “proxy-means tests” (Coady, Grosh, and Hoddinott,
2004) in that it is transparent, it is freely available," and it is tailored to the capabilities
and purposes not of national governments but rather of local, pro-poor organizations.
The feasible poverty-measurement options for local organizations are typically blunt
(such as rules based on land-ownership or housing quality) or subjective and relative
(such as participatory wealth ranking facilitated by skilled field workers). Poverty
measures from these approaches may be costly, their accuracy is unknown, and they are
not comparable across places, organizations, nor time.

The scorecard can be used to measure the share of a program’s participants who
are below a given poverty line, for example, $1.25/day at 2005 purchase-power parity
(PPP). USAID microenterprise partners in Nigeria can use scoring with the $1.25/day
line to report how many of their participants are “very poor”.” Scoring can also be used
to measure net movement across a poverty line over time. In all these applications, the
scorecard provides a consumption-based, objective tool with known accuracy. While

consumption surveys are costly even for governments, some local pro-poor organizations

" The Simple Poverty Scorecard tool is not, however, in the public domain. Copyright is
held by the study’s sponsor and by Microfinance Risk Management, L.L.C.

* USAID defines a household as very poor if its daily per-capita consumption is less
than the highest of the $1.25/day line (NGN214.86 in prices on average in all of Nigeria
in the first quarter of 2013) or the line (NGN162.58) that marks the poorest half of
people below 100% of the national poverty line. USAID (2014, p. 8) has approved the
Simple Poverty Scorecard tool—re-branded as the Progress Out of Poverty Index®
tool—for use by their microenterprise partners.



may be able to implement a low-cost scorecard to help with monitoring poverty and (if
desired) segmenting clients for targeted services.

The statistical approach here aims to be understood by non-specialists. After all,
if managers are to adopt the scorecard on their own and apply it to inform their
decisions, then they must first trust that it works. Transparency and simplicity build
trust. Getting “buy-in” matters; proxy-means tests and regressions on the “determinants
of poverty” have been around for three decades, but they are rarely used to inform
decisions by local, pro-poor organizations. This is not because they do not work, but
because they are often presented (when they are presented at all) as tables of regression
coefficients incomprehensible to non-specialists (with cryptic indicator names such as
“LGHHSZ_2” and with points with negative values and many decimal places). Thanks to
the predictive-modeling phenomenon known as the “flat maximum?”, simple, transparent
scoring approaches can be about as accurate as complex, opaque ones (Schreiner,
2012a; Caire and Schreiner, 2012).

Beyond its simplicity and transparency, the scorecard’s technical approach is
innovative in how it associates scores with poverty likelihoods, in the extent of its
accuracy tests, and in how it derives formulas for standard errors. Although the
accuracy tests are simple and commonplace in statistical practice and in the for-profit
field of credit-risk scoring, they have rarely been applied with poverty-assessment tools.

The scorecard is based on data from the 2012/13 GHPS done by Nigeria’s

National Bureau of Statistics (NBS). Indicators are selected to be:



e Inexpensive to collect, easy to answer quickly, and simple to verify
e Strongly correlated with poverty

e Liable to change over time as poverty status changes

e Applicable in all regions of Nigeria

All points in the scorecard are non-negative integers, and total scores range from
0 (most likely below a poverty line) to 100 (least likely below a poverty line). Non-
specialists can collect data and tally scores on paper in the field in about ten minutes.

The scorecard can be used to estimate three basic quantities. First, it can
estimate a particular household’s poverty likelihood, that is, the probability that the
household has per-capita consumption below a given poverty line.

Second, the scorecard can estimate the poverty rate of a group of households at a
point in time. This snapshot estimate is the average of poverty likelihoods among the
households in the group.

Third, the scorecard can estimate changes in the poverty rate for a group of
households (or for two independent samples of households, both of which are
representative of the same population) between two points in time. For households in
the group(s), this estimate is the change in the average baseline poverty likelihood
versus the average follow-up likelihood (with two independent samples) or the average
of each household’s change from baseline to follow-up (with a single group of
households scored twice).

The scorecard can also be used to segment participants for targeted services. To

help managers choose appropriate targeting cut-offs for their purposes, this paper

reports several measures of targeting accuracy for a range of possible cut-offs.



This paper presents a single scorecard whose indicators and points are derived
from household consumption data and Nigeria’s national poverty line. Scores from this
one scorecard are calibrated to poverty likelihoods for ten poverty lines.

The scorecard is constructed and calibrated using half of the completed
interviews from the 2012/13 GHPS, and its accuracy is validated on the other half of
the interviews.

All three scoring-based estimators (the poverty likelihood of a household, the
poverty rate of a group of households at a point in time, and the change in the poverty
rate of households over time) are unbiased. That is, they match the true value on
average in repeated samples when constructed from (and applied to) a single,
unchanging population in which the relationship between scorecard indicators and
poverty is unchanging. Like all predictive models, the scorecard here is constructed from
a single sample and so misses the mark to some unknown extent when applied (in this
paper) to a validation sample. Furthermore, it is biased when applied (in practice) to a
different population or when applied after 2012/13 (because the relationships between
indicators and poverty change over time).’

Thus, while the indirect scoring approach is less costly than the direct survey
approach, it is also biased when applied in practice. (The survey approach is unbiased

by definition.) There is bias because the scorecard necessarily assumes that future

° Important cases include nationally representative samples at a later point in time or
sub-groups that are not nationally representative (Diamond et al., 2014; Tarozzi and
Deaton, 2009).



relationships between indicators and poverty in all possible groups of households will be
the same as in the construction interviews. Of course, this assumption—inevitable in
predictive modeling—holds only partly.

On average across 1,000 bootstraps of n = 16,384 from the validation sample,
the difference between scorecard estimates of groups’ poverty rates versus the true rates
at a point in time for the national poverty line is +0.2 percentage points. Across all ten
poverty lines, the average absolute difference is about 0.7 percentage points, and the
maximum absolute difference is 1.8 percentage points. These differences reflect sampling
variation, not bias; the average difference would be zero if the whole 2012/13 GHPS
survey was to be repeatedly re-fielded and divided into sub-samples before repeating the
entire process of constructing and validating scorecards.

With n = 16,384, the 90-percent confidence intervals for these estimates are +0.6
percentage points or less. For n = 1,024, the 90-percent intervals are +2.6 percentage
points or less.

Section 2 below describes data and poverty lines. Sections 3 and 4 describe
scorecard construction and offer guidelines for use in practice. Sections 5 and 6 detail
the estimation of households’ poverty likelihoods and of groups’ poverty rates at a point
in time. Section 7 discusses estimating changes in poverty rates over time, and Section 8
covers targeting. Section 9 places the new scorecard here in the context of existing

poverty-measurement tools for Nigeria. Section 10 is a summary.



The “Guidelines for the Interpretation of Scorecard Indicators” appears as an
annex after the bibliographic references. The “Guidelines” tell how to ask questions (and
how to interpret responses) so as to mimic how the 2012/13 GHPS was done as closely
as possible. These “Guidelines” (and the “Back-page Worksheet”) are integral parts of

the Simple Poverty Scorecard® tool.



2. Data, poverty, and poverty lines

This section discusses the data used to construct and validate the scorecard. It
also presents the definition of poverty and the poverty lines to which scores are

calibrated.

2.1 Data

The scorecard is based on data from 9,122 interviews with households in the
2012/13 GHPS. This is Nigeria’s most recent nationally representative consumption
survey.

The 2012/13 GHPS has two rounds: September to November 2012 (post-
planting), and February to April 2013 (post-harvest). Almost all households in the data
(4,532) completed interviews in both rounds. Thirty-two households completed only a
post-planting interview, and 26 households completed only a post-harvest interview.
Each household that completed both interviews contributes two observations to the
data set. Each completed interview is analyzed here as if it came from a distinct
household.

For the purposes of the scorecard, the interviews in the 2012/13 GHPS are
randomly divided into two sub-samples:

o (Construction and calibration for selecting indicators and points and for associating

scores with poverty likelihoods
e Validation for measuring accuracy with data not used in construction or calibration



Because most households contribute two interviews to the data, and because
each interview is treated as if it came from a distinct household, a household’s two
interviews could end up:

e Both in the construction/calibration sub-sample
e DBoth in the validation sub-sample
¢ One in each sub-sample

Because some households’ observations are in both sub-samples, and because a
given household’s poverty status' (and its poverty indicators)” are correlated across
rounds, the accuracy tests here are not fully out-of-sample; some of the data used to
construct the scorecard is also used to test it. The estimates of accuracy in this paper
are thus over-stated. While the exact extent of this over-statement is not known, it

probably is not large, as estimated accuracy here for Nigeria is broadly similar to that

for the scorecard in other countries.

' By the national poverty line, 59.1 percent of households are non-poor in both rounds,
19.0 percent are poor in both rounds, 13.6 percent are poor in post-harvest but not in
post-planting, and 8.3 percent are poor in post-planting but not in post-harvest.

’ Beyond the fact that the values of poverty indicators for a given household are
unlikely to change in the six months between rounds, the 2012/13 GHPS asked about
housing characteristics only in post-harvest. This paper assumes that these values are
the same in post-planting. The 32 households with only a post-planting interview are
not used to construct or test the scorecard, although they are included in the values
reported in Figures 1 and 2.



2.2 Poverty rates at the household, person, or participant level

A poverty rate is the share of units in households in which total household
consumption (divided by the number of household members) is below a given poverty
line. The unit of analysis is either the household itself or a person in the household.
Each household member has the same poverty status (or estimated poverty likelihood)
as the other household members.

To illustrate, suppose a program serves two households. The first household is
poor (its per-capita consumption is less than a given poverty line), and it has three
members, one of whom is a program participant. The second household is non-poor and
has four members, two of whom are program participants.

Poverty rates are in terms of either households or people. If the program defines
its participants as households, then the household level is relevant. The estimated
household-level poverty rate is the weighted” average of poverty statuses (or estimated

poverty likelihoods) across households with participants. This is

1-1+1- 1

1—10 = — = 0.5 = 50 percent. In the “1-1” term in the numerator, the first “1” is
_+_

the first household’s weight, and the second “1” is the first household’s poverty status

(poor). In the “1-0” term in the numerator, the “1” is the second household’s weight,

and the “0” is the second household’s poverty status (non-poor). The “1 + 1”7 in the

° The example here assumes simple random sampling at the household level. This
means that each household has the same weight, taken here to be one (1).

10



denominator is the sum of the weights of the two households. Household-level weights
are used because the unit of analysis is the household.

Alternatively, a person-level rate is relevant if a program defines all people in
households that benefit from its services as participants. In the example here, the

person-level rate is the household-size-weighted” average of poverty statuses for

households with participants, or % = % = 0.43 = 43 percent. In the “3-17 term
+

in the numerator, the “3” is the first household’s weight because it has three members,
and the “1” is its poverty status (poor). In the “4-0” term in the numerator, the “4” is
the second household’s weight because it has four members, and the zero is its poverty
status (non-poor). The “3 +4” in the denominator is the sum of the weights of the two
households. A household’s weight is its number of members because the unit of analysis
is the household member.

As a final example, a program might count as participants only those household
members with whom it deals with directly. For the example here, this means that
some—but not all—household members are counted. The person-level rate is now the

participant-weighted average of the poverty statuses of households with participants, or

% = % = 0.33 = 33 percent. The first “1” in the “1-1” in the numerator is the
_l’_

first household’s weight because it has one participant, and the second “1” is its poverty

status (poor). In the “2-07” term in the numerator, the “2” is the second household’s

" Given simple random sampling, a household’s person-level weight is its household size.

11



weight because it has two participants, and the zero is its poverty status (non-poor).
The “1 + 27 in the denominator is the sum of the weights of the two households. Each
household’s weight is its number of participants because the unit of analysis is the
participant.

To sum up, estimated poverty rates are weighted averages of households’ poverty
statuses (or estimated poverty likelihoods), where—assuming simple random
sampling—the weights are the number of relevant units in the household. When
reporting, organizations should make explicit the unit of analysis—household, household
member, or participant—and explain why that unit is relevant.

Figure 1 reports poverty lines and poverty rates for households and people in the
2012/13 GHPS for Nigeria as a whole and for the construction/calibration and
validation sub-samples. Figure 2 reports poverty lines and poverty rates for households
and people for Nigeria as a whole and for each of Nigeria’s 6 poverty-line regions (which
are its six geo-political zones). Household-level poverty rates are reported because—as
shown above—household-level poverty likelihoods can be straightforwardly converted
into poverty rates for other units of analysis. This is also why the scorecard is
constructed, calibrated, and validated with household weights. Person-level poverty
rates are also included in Figures 1 and 2 because these are the rates reported by the
government of Nigeria and by the World Bank and because person-level rates are

usually used in policy discussions.
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The all-Nigeria person-level poverty rate of 32.9 percent by 100% of the national
poverty line reported in Figure 1 is close to the 33.1 percent reported by World Bank
(2014, p. 17) and echoed by Nigeria’s then-president Jonathan Goodluck (Wakili,
2015)." The two poverty rates differ by 0.2 percentage points for two reasons:

e In 544 post-harvest interviews, World Bank counts as household members people
marked as no longer being household members. This increases household size,
decreases per-capita consumption, and increases the poverty rate

e For the 4,532 households who completed two interviews, World Bank determines
poverty status by averaging per-capita consumption across rounds and then
comparing it with the average across rounds of the national poverty line. This does
not affect poverty status for the 78.1 percent of households who were poor in both
rounds or non-poor in both rounds, but it forces the other 21.9 percent of households
(who were poor in one round and non-poor in the other) to be counted as either
always poor or always non-poor

In this paper, consumption and poverty status are not averaged across rounds,
partly because this would also requiring averaging the values of scorecard indicators.
But the values of scorecard indicators can change between rounds, and categorical
values cannot be averaged. For example, it is not clear what “average TV ownership” is
for a household that owns a TV in post-harvest but not in post-planting. Even numeric
indicators (such as the number of household members or the number of occupied rooms)
are not feasible because the scorecard cannot list all possible non-integer average values

as response options. In any case, when the scorecard is applied, it is applied once per

estimate, not twice per estimate.

* Vasco Molini of the World Bank graciously shared the poverty data as well as some of
the software used to produce it.

13



2.3 Definition of poverty

Poverty is whether a household is poor or non-poor. In Nigeria, this is
determined by whether per-capita aggregate household consumption is below a given
poverty line. Thus, a definition of poverty has two aspects: a measure of aggregate
household consumption, and a poverty line.

The definition of poverty used with the 2012/13 GHPS differs from that used
with the 2003/4 Nigeria Living Standards Survey (NLSS) that underpins the old
scorecard (Chen, Schreiner, and Woller, 2008). In particular, definitions changed for
both consumption and poverty lines.

This means that point-in-time poverty-rate estimates based on the old 2003/4
scorecard cannot be combined with point-in-time estimates from the new 2012/13
scorecard to estimate changes in poverty rates over time.’

Legacy users who already have a baseline estimate from the old 2003/4 scorecard
can measure change over time by applying the old 2003/4 scorecard again as a follow-
up. At the same time and with the same households, these legacy users should also
apply the new 2012/13 scorecard. While non-comparable with estimates from the old
2003/4 scorecard, this new baseline is the best for measuring change over time in future
follow-up rounds (also using the new 2012/13 scorecard). The estimates of change over

time derived from the old and new definitions are so different that the “parallel lines”

* World Bank (2014, p. 16) says, “There are some important differences in methodology
that prevent the direct comparison of results from the GHPS with the NLSS.”
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assumption does not hold, implying that users should not splice estimates of change
over time under the two definitions to make a grand combined estimate of change based
on two applications of the old 2003/4 scorecard with an estimate of change based on
two applications of the new 2012/13 scorecard.
2.3.1 Definition of consumption

Consumption is measured differently in the 2003/4 NLSS versus the 2012/13
GHPS. In particular, “the NLSS gathers consumption data from households for an
entire year, whereas the GHPS covers activities in only two periods. . . . In addition,
consumption data are collected for the GHPS using a 7-day recall period, whereas the
NLSS uses a diary” (World Bank, 2014, p. 16).
2.3.2 Definition of national poverty lines

The 2012/13 GHPS uses Nigeria’s national poverty line (World Bank, 2014, p.
17). Based on the cost-of-basic-needs method (Ravaillon, 1998), the definition of the
national line starts with a food line based on the cost of 3,000 Calories from the food
basket observed to be consumed by the poorest 40 percent of people (NBS, 2010). In the
2012/13 GHPS, this food line (on average for Nigeria as a whole, in average prices
during the first quarter of 2013) is NGN143.61 per person per day (Figure 1). This gives
a household-level poverty rate of 9.0 percent and a person-level poverty rate of 12.5

percent.
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The national line (sometimes called here “100% of the national line”) is then the
food line, plus a non-food component that is defined as the average observed non-food
consumption of the 100 households whose food consumption is just below the food line
and of the 100 households whose food consumption is just above the food line.

This (food-plus-non-food) national line is adjusted for cost-of-living differences
across Nigeria’s six geo-political zones. On average for all of Nigeria, the national line is
NGN226.14 per person per day, giving poverty rates of 25.6 percent (households) and
32.9 percent (people). As noted earlier, this person-level poverty rate is very close to the
published rate of 33.1 percent (World Bank, 2014, p. 17), and the reasons for the slight
difference are known.

The national line differs between the 2012/13 GHPS and the 2003/4 NLSS in
two ways. First, the food line is based on the cost of 2,900 Calories, not 3,000 (NBS,
2005). Second, the national line for the 2003/4 NLSS is adjusted for cost-of-living
differences across urban and rural areas in each of Nigeria’s then-37 states. There are
separate adjustments for the food and non-food components in each of the resulting 74

poverty-line regions (Chen, Schreiner, and Woller, 2008).
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These differences in the definition of poverty—that is, differences in the measure
of consumption and in the definition of the national poverty line—lead to vastly
different person-level poverty rates: 62.6 percent in the 2009/10 NLSS versus 35.2 in the
2010/11 GHPS and 33.1 in the 2012/13 GHPS (World Bank, 2014, p. 17). This is why
estimates from the new 2012/13 scorecard cannot be compared with estimates from the
old 2003/4 scorecard.”

Which definition is better? World Bank (2014) favors the GHPS definition,
noting that the NLSS estimate of change in the person-level poverty rate by the
national line between 2003/4 and 2009/10 is about two percentage points. This small
decrease does not square with Nigeria’s rapid economic growth in the period. World
Bank (2013) convincingly argues that consumption is under-measured in the the

2009/10 NLSS, leading to poverty estimates that are too low.

" Comparisons would possible if the 2003 /4 definition of poverty were applied to the
2012/13 GHPS data or if the 2012/13 definition of poverty were applied to the 2003/4
NLSS data. But no one has done this, and it might not even be possible, due to
differences in the questionnaires and in their application in the field.
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2.4 Poverty lines

Because pro-poor organizations in Nigeria may want to use different or various
poverty lines beyond the food line and the national (food-plus-non-food) line, this paper
calibrates scores from its single scorecard to poverty likelihoods for 10 lines:

e Food

e 100% of national
e 150% of national
e 200% of national

e Line marking the poorest half of people below 100% of the national line
o $1.25/day 2005 PPP

e $2.00/day
e $2.50/day
o $4.00/day
e $5.00/day

How are these poverty lines defined? The lines for 150% and 200% of national
are multiples of the national line.

The line that marks the poorest half of people below 100% of the national line is
defined—separately in each of Nigeria’s six geo-political zones—as the median aggregate
household per-capita consumption of people (not households) below 100% of the

national line (U.S. Congress, 2004).
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The $1.25/day 2005 PPP line is derived from:

e 2005 PPP factor (World Bank, 2008): NGN78.583

e Average all-Nigeria Consumer Price Index in 2005:" 66.575

e Average all-Nigeria CPI in the third quarter of 2010: 113.473

e Average all-Nigeria CPI used by Molini (2015) to go from the third quarter of 2010
to the first quarter of 2013: 165.101 and 211.884

e All-Nigeria average national poverty line (Figure 1): NGN226.14

e National poverty lines in Nigeria’s six geo-political zones (Figure 2)

The $1.25/day 2005 PPP poverty line in average prices in Nigeria overall on

average during the first quarter of 2013 is then (Sillers, 2006):

CPI CPL,,..
1.25 - 78.583 - 201003 |, 201391 =1.25-78.583-(113'473)-(211'884j=NGN214.86.
CPIL,,, CPLy0s 66.575 165.101

The $2.00, $2.50, $4.00, and $5.00 2005 PPP lines are multiples of the $1.25/day
line.

The 2005 PPP lines in Figure 1 apply to Nigeria on average. In a given geo-
political zone (Figure 2), the $1.25/day line is the all-Nigeria $1.25/day line, multiplied
the national line in that geo-political zone, and divided by Nigeria’s average national
line.

For example, the $1.25/day 2005 PPP line in the North Central geo-political
zone is the all-Nigeria $1.25/day line of NGN214.86 (Figure 1), multiplied by the

national line in North Central of NGN218.40 (Figure 2), and divided by the average all-

" cenbank.org/Functions/export.asp?tablename=InflationRates, retrieved 24 July

2015.
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Nigeria national line of NGN226.14 (Figure 1). This gives a $1.25/day line in the North

Central geo-political zone of 214.86 x 218.40 + 226.14 = NGN207.50 (Figure 2).

The World Bank’s PovcalNet” does not report a $1.25/day 2005 PPP poverty

rate for 2012/13.

USAID microenterprise partners in Nigeria who use the scorecard to report
poverty rates to USAID should use the $1.25/day 2005 PPP line. This is because
USAID defines the “very poor” as those people in households whose daily per-capita
consumption is below the highest of the following two poverty lines:

e The line that marks the poorest half of people below 100% of the national line

(NGN162.58, with a person-level poverty rate of 16.5 percent, Figure 1)
e $1.25/day 2005 PPP (NGN214.86, with a person-level poverty rate of 29.6 percent)

” iresearch.worldbank.org/PovcalNet/index.htm, retrieved 25 July 2015.
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3. Scorecard construction

For Nigeria, about 90 candidate indicators are initially prepared in the areas of:
e Household composition (such as the number of members)

e Education (such as the literacy of the (oldest) female head/spouse)
e Housing (such as the type of roof)

e Ownership of durable assets (such as mattresses or mobile phones)
e Employment (such as the number of household members who work )
e Agriculture (such as the number of household members who farm )

Figure 3 lists the candidate indicators, ordered by the entropy-based “uncertainty
coefficient” (Goodman and Kruskal, 1979) that measures how well a given indicator
predicts poverty status on its own."”

One possible application of the scorecard is to measure changes in poverty
through time. Thus, when selecting indicators and holding other considerations
constant, preference is given to more sensitive indicators. For example, the ownership of
a mattress is probably more likely to change in response to changes in poverty than is
the age of the male head/spouse.

The scorecard itself is built using 100% of the national poverty line and Logit
regression on the construction sub-sample. Indicator selection uses both judgment and
statistics. The first step is to use Logit to build one scorecard for each candidate

indicator. Each scorecard’s power to rank households by poverty status is measured as

“c” (SAS Institute Inc., 2004).

" The uncertainty coefficient is not used as a criterion when selecting scorecard
indicators; it is just a way to order the candidate indicators in Figure 3.
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One of these one-indicator scorecards is then selected based on several factors
(Schreiner et al., 2014; Zeller, 2004). These include improvement in accuracy, likelihood
of acceptance by users (determined by simplicity, cost of collection, and face validity in
terms of experience, theory, and common sense), sensitivity to changes in poverty,
variety among indicators, applicability across regions, tendency to have a slow-changing
relationship with poverty, relevance for distinguishing among households at the poorer
end of the distribution of consumption, and verifiability.

A series of two-indicator scorecards are then built, each adding a second
indicator to the one-indicator scorecard selected from the first round. The best two-
indicator scorecard is then selected, again using judgment to balance “c” with the non-
statistical criteria. These steps are repeated until the scorecard has 10 indicators that
work well together."

The final step is to transform the Logit coefficients into non-negative integers
such that total scores range from 0 (most likely below a poverty line) to 100 (least

likely below a poverty line).

" For Nigeria, the selection of the final 10 indicators was also informed by feedback
from future users via desk-based review and field testing by Propcom Mai-karfi.
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This algorithm is similar to common R*-based stepwise least-squares regression.
It differs from naive stepwise in that the selection of indicators considers both
statistical” and non-statistical criteria. The use of non-statistical criteria can improve
robustness through time and helps ensure that indicators are simple, sensible, and
acceptable to users.

The single scorecard here applies to all of Nigeria. Tests for Indonesia (World
Bank, 2012), Bangladesh (Sharif, 2009), India and Mexico (Schreiner, 2006 and 2005a),
Sri Lanka (Narayan and Yoshida, 2005), and Jamaica (Grosh and Baker, 1995) suggest
that segmenting scorecards by urban/rural does not improve targeting accuracy much.
In general, however, segmentation may improve the accuracy of estimates of poverty
rates (Diamond et al., 2016; Tarozzi and Deaton, 2009), but it may also increase the

risk of overfitting (Haslett, 2012).

" The statistical criterion for selecting an indicator is not the p values of its coefficients
but rather the indicator’s contribution to the ranking of households by poverty status.
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4. Practical guidelines for scorecard use

The main challenge of scorecard design is not to maximize statistical accuracy
but rather to improve the chances that the scorecard is actually used (Schreiner,
2005b). When scoring projects fail, the reason is not usually statistical inaccuracy but
rather the failure of the organization to decide to do what is needed to integrate scoring
in its processes and to train and convince its employees to use the scorecard properly
(Schreiner, 2002). After all, most reasonable scorecards have similar targeting accuracy,
thanks to the empirical phenomenon known as the “flat maximum” (Caire and
Schreiner, 2012; Hand, 2006; Baesens et al., 2003; Lovie and Lovie, 1986; Kolesar and
Showers, 1985; Stillwell, Barron, and Edwards, 1983; Dawes, 1979; Wainer, 1976; Myers
and Forgy, 1963). The bottleneck is less technical and more human, not statistics but
organizational-change management. Accuracy is easier to achieve than adoption.

The scorecard here is designed to encourage understanding and trust so that
users will want to adopt it on their own and use it properly. Of course, accuracy
matters, but it must be balanced with simplicity, ease-of-use, and “face validity”.
Programs are more likely to collect data, compute scores, and pay attention to the
results if, in their view, scoring does not imply a lot of additional work and if the whole

process generally seems to them to make sense.
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To this end, Nigeria’s scorecard fits on one page. The construction process,
indicators, and points are simple and transparent. Additional work is minimized; non-
specialists can compute scores by hand in the field because the scorecard has:

e Only 10 indicators
¢ Only “multiple-choice” indicators
e Only simple points (non-negative integers, and no arithmetic beyond addition)

A field worker using Nigeria’s scorecard would:

e Record the interview identifier, the date of the interview, the country identifier
(“NGA?”), the scorecard identifier (“002”), and the sampling weight assigned by the
survey design to the household of the participant

e Record the names and identifiers of the participant (who may or may not be the
respondent), of the field agent, and of the relevant organizational service point

e Complete the “Back-page Worksheet” with each household member’s name

e Record household size in the header next to “Number of household members:”

e Record the responses to the scorecard’s first indicator based on the responses on the
“Back-page Worksheet”

e Read each of the remaining nine questions one-by-one from the scorecard, drawing a
circle around the relevant responses and their points, and writing each point value
in the far right-hand column

e Add up the points to get a total score.

e Implement targeting policy (if any)

e Deliver the paper scorecard to a central office for data capture and filing

Of course, field workers must be trained. The quality of outputs depends on the
quality of inputs. If organizations or field workers gather their own data, and if they
believe that they have an incentive to exaggerate poverty rates (for example, if funders
reward them for higher poverty rates), then it is wise to do on-going quality control via

data review and random audits (Matul and Kline, 2003)."” IRIS Center (2007a) and

" If a program does not want field workers and respondents to know the points
associated with responses, then it can use a version of the scorecard that does not
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Toohig (2008) are useful nuts-and-bolts guides for budgeting, training field workers and
supervisors, logistics, sampling, interviewing, piloting, recording data, and controlling
quality.

In particular, while collecting scorecard indicators is relatively easier than
alternative ways of measuring poverty, it is still absolutely difficult. Training and
explicit definitions of terms and concepts in the scorecard are essential, and field
workers should scrupulously study and follow the “Guidelines for the Interpretation of
Scorecard Indicators” found after the “References” in this paper, as the “Guidelines” and
the “Back-page Worksheet” are integral parts of the Simple Poverty Scorecard® tool."”

For the example of Nigeria, one study (Onwujekwe, Hanson, and Fox-Rushby,
2006) found distressingly low inter-rater and test-retest correlations for indicators as
seemingly simple as whether the household owns an automobile. At the same time,
Grosh and Baker (1995) suggest that gross underreporting of assets does not affect
targeting. For the first stage of targeting in a conditional cash-transfer program in
Mexico, Martinelli and Parker (2007, pp. 24-25) find that “underreporting [of asset

ownership| is widespread . . . [and] overreporting is common for a few goods, which

display the points and then apply the points and compute scores later at a central
office. Schreiner (2011) argues that hiding points in Colombia (Camacho and Conover,
2011) did little to deter cheating and that, in any case, cheating by the user’s central
office was more damaging than cheating by field workers and respondents. Even if
points are hidden, field workers and respondents can apply common sense to guess how
response options are linked with poverty.

" The “Guidelines” here are the only ones that organizations should give to field
workers. All other issues of interpretation should be left to the judgment of field workers
and respondents, as this seems to be what Nigeria’s NBS does in the GHPS.
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implies that self-reporting may lead to the exclusion of deserving households.” Still, as is
done in Mexico in the second stage of its targeting process, most false self-reports can
be corrected (or avoided in the first place) by field workers who make a home visit.
This is the recommended procedure for local, pro-poor organizations who use scoring for

segmenting participants for targeted services in Nigeria.

In terms of implementation and sampling design, an organization must make
choices about:
e Who will do the interviews
e How scores will be recorded
e What participants will be scored
e How many participants will be scored
e How frequently participants will be scored
e  Whether scoring will be applied at more than one point in time
e  Whether the same participants will be scored at more than one point in time

In general, the sampling design should follow from the program’s goals for the
exercise, the questions to be answered, and the budget. The main goal should be to
make sure that the sample is representative of a well-defined population and that the
scorecard will inform an issue that matters to the organization.

The non-specialists who apply the scorecard with participants in the field can be:

e Employees of the organization
e Third parties
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Responses, scores, and poverty likelihoods can be recorded on:
e Paper in the field, and then filed at a central office
e Paper in the field, and then captured in a database or spreadsheet at a central office
e Portable electronic devices in the field, and then uploaded to a database

Given a population of participants relevant for a particular business question,
the participants to be scored can be:
e All relevant participants (a census)
e A representative sample of relevant participants
e All relevant participants in a representative sample of relevant field offices
e A representative sample of relevant participants in a representative sample of

relevant field offices

If not determined by other factors, the number of participants to be scored can
be derived from sample-size formulas (presented later) to achieve a desired confidence
level and a desired confidence interval. The focus, however, should not be on having a
sample size large enough to achieve some arbitrary level of statistical significance but
rather to get a representative sample from a well-defined population so that the
analysis of the results can have a chance to meaningfully inform questions that matter
to the organization.

The frequency of application can be:
e As a once-off project (precluding measuring change)
e Every two years (or at any other fixed or variable time interval, allowing measuring

change)
e Each time a field worker visits a participant at home (allowing measuring change)
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When a scorecard is applied more than once in order to measure change in
poverty rates, it can be applied:

e With a different set of participants from the same population
e With the same set of participants

An example set of choices is illustrated by BRAC and ASA, two microfinance
organizations in Bangladesh who each have about 7 million participants and who
declared their intention to apply the Simple Poverty Scorecard tool for Bangladesh
(Schreiner, 2013a) with a sample of about 25,000. Their design is that all loan officers
in a random sample of branches score all participants each time they visit a homestead
(about once a year) as part of their standard due diligence prior to loan disbursement.
They record responses on paper in the field before sending the forms to a central office

to be entered into a database and converted to poverty likelihoods.
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5. Estimates of household poverty likelihoods

The sum of scorecard points for a household is called the score. For Nigeria,
scores range from 0 (most likely below a poverty line) to 100 (least likely below a
poverty line). While higher scores indicate less likelihood of being poor, the scores
themselves have only relative units. For example, doubling the score decreases the
likelihood of being below a given poverty line, but it does not cut it in half.

To get absolute units, scores must be converted to poverty likelihoods, that is,
probabilities of being below a poverty line. This is done via simple look-up tables. For
the example of 100% of the national line, scores of 35-39 have a poverty likelihood of
40.1 percent, and scores of 40-44 have a poverty likelihood of 30.6 percent (Figure 4).

The poverty likelihood associated with a score varies by poverty line. For
example, scores of 35—-39 are associated with a poverty likelihood of 40.1 percent for

100% of the national line but of 35.8 percent for the $1.25/day 2005 PPP line."

5.1 Calibrating scores with poverty likelihoods

A given score is associated (“calibrated”) with a poverty likelihood by defining
the poverty likelihood as the share of households in the calibration sub-sample who

have the score and who have per-capita consumption below a given poverty line.

" Starting with Figure 4, many figures have 10 versions, one for each of the 10 poverty
lines. To keep them straight, the figures are grouped by poverty line. Single tables
pertaining to all lines are placed with the tables for 100% of the national line.
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For the example of 100% of the national line (Figure 5), there are 9,837
(normalized) households in the calibration sub-sample with a score of 35-39. Of these,
3,944 (normalized) are below the poverty line. The estimated poverty likelihood
associated with a score of 35—39 is then 40.1 percent, as 3,944 <+ 9,837 = 40.1 percent.

To illustrate with 100% of the national line and a score of 40-44, there are
11,063 (normalized) households in the calibration sample, of whom 3,389 (normalized)
are below the line (Figure 5). The poverty likelihood for this score range is then 3,389 +
11,063 = 30.6 percent.

The same method is used to calibrate scores with estimated poverty likelihoods
for all 10 poverty lines."

Even though the scorecard is constructed partly based on judgment related to
non-statistical criteria, the calibration process produces poverty likelihoods that are
objective, that is, derived from quantitative poverty lines and from survey data on
consumption. The calibrated poverty likelihoods would be objective even if the process
of selecting indicators and points did not use any data at all. In fact, objective
scorecards of proven accuracy are often constructed using only expert judgment to
select indicators and points (Fuller, 2006; Caire, 2004; Schreiner et al., 2014). Of course,

the scorecard here is constructed with both data and judgment. The fact that this paper

¥ To ensure that poverty likelihoods never increase as scores increase, likelihoods across
series of adjacent scores are sometimes iteratively averaged before grouping scores into
ranges. This preserves unbiasedness while keeping users from balking when sampling
variation in score ranges with low numbers of households would otherwise lead to
higher scores being linked with higher poverty likelihoods.
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acknowledges that some choices in scorecard construction—as in most statistical
analysis—are informed by judgment in no way impugns the objectivity of the poverty
likelihoods, as this objectivity depends on using data in score calibration, not on using
data (and nothing else) in scorecard construction.

Although the points in the Nigeria scorecard are transformed coefficients from a
Logit regression, (untransformed) scores are not converted to poverty likelihoods via the
Logit formula of 2.718281828"" x (1 + 2.718281828"™) . This is because the Logit
formula is esoteric and difficult to compute by hand. Non-specialists find it more
intuitive to define the poverty likelihood as the share of households with a given score
in the calibration sample who are below a poverty line. Going from scores to poverty
likelihoods in this way requires no arithmetic at all, just a look-up table. This approach

to calibration can also improve accuracy, especially with large samples.

5.2 Accuracy of estimates of households’ poverty likelihoods

As long as the relationships between indicators and poverty do not change over
time, and as long as the scorecard is applied to households that are representative of
the same population from which the scorecard was originally constructed, then this
calibration process produces unbiased estimates of poverty likelihoods. Unbiased means
that in repeated samples from the same population, the average estimate matches the

true value in the population. Given the assumptions above, the scorecard also produces
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unbiased estimates of poverty rates at a point in time and unbiased estimates of
changes in poverty rates between two points in time.”

Of course, the relationships between indicators and poverty do change to some
unknown extent over time and also across sub-national groups in Nigeria’s population.
Thus, the scorecard will generally be biased when applied after April 2013 (the last
month of fieldwork for the 2012/13 GHPS) or when applied with sub-groups that are
not nationally representative.

How accurate are estimates of households’” poverty likelihoods, given the
assumption of unchanging relationships between indicators and poverty over time and
the assumption of a sample that is representative of Nigeria as a whole? To find out,
the scorecard is applied to 1,000 bootstrap samples of size n = 16,384 from the
validation sample. Bootstrapping means to:

e Score each household in the validation sample

e Draw a (bootstrap) sample with replacement from the validation sample

e For each score, compute the true poverty likelihood in the bootstrap sample, that is,
the share of households with the score and with consumption below a poverty line

e For each score, record the difference between the estimated poverty likelihood
(Figure 4) and the true poverty likelihood in the bootstrap sample

e Repeat the previous three steps 1,000 times

e For each score, report the average difference between estimated and true poverty
likelihoods across the 1,000 bootstrap samples

e For each score, report the two-sided intervals containing the central 900, 950, and
990 differences between estimated and true poverty likelihoods

* This follows because these estimates of groups’ poverty rates are linear functions of
the unbiased estimates of households’ poverty likelihoods.
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For each score range and for n = 16,384, Figure 6 shows the average difference
between estimated and true poverty likelihoods as well as confidence intervals for the
differences.

For the example of 100% of the national line, the average poverty likelihood
across bootstrap samples for scores of 35-39 in the validation sample is too high by 2.4
percentage points. For scores of 40-44, the estimate is too low by 2.2 percentage
points.”

The 90-percent confidence interval for the differences for scores of 35-39 is £2.4
percentage points (100% of the national line, Figure 6). This means that in 900 of 1,000
bootstraps, the difference between the estimate and the true value is between 0 and
+4.8 percentage points (because +2.4 — 2.4 = 0, and +2.4 + 2.4 = +4.8). In 950 of
1,000 bootstraps (95 percent), the difference is +2.4 + 2.9 percentage points, and in 990
of 1,000 bootstraps (99 percent), the difference is +2.4 £ 4.0 percentage points.

A few differences between estimated poverty likelihoods and true values in Figure
6 are large. These are not of great concern, however, as they occur in three score ranges
(5 to 9, 10 to 14, and 15 to 19) that account for only 2.4 percent of households in
Nigeria (Figure 11). There are these differences because the validation sample is a

single sample that—thanks to sampling variation—differs in distribution from the

* These differences are not zero, despite the estimator’s unbiasedness, because the
scorecard comes from a single sample from the 2012/13 GHPS. The average difference
by score range would be zero if the GHPS was repeatedly applied to samples of the
population of Nigeria and then split into sub-samples before repeating the entire process
of scorecard construction/calibration and validation.
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construction/calibration sub-samples and from Nigeria’s population. For targeting,
however, what matters is less the difference in all score ranges and more the differences
in the score ranges just above and below the targeting cut-off. This mitigates the effects
of bias and sampling variation on targeting (Friedman, 1997). Section 8 below looks at
targeting accuracy in detail.

In addition, if estimates of groups’ poverty rates are to be usefully accurate, then
errors for individual households’ poverty likelihoods must largely balance out. As
discussed in the next section, this is generally the case for nationally representative
samples.

Another possible source of differences between estimates and true values is
overfitting. The scorecard here is unbiased, but it may still be overfit when applied after
the end of the GHPS fieldwork in April 2013. That is, the scorecard may fit the data
from the 2012/13 GHPS so closely that it captures not only some real patterns but also
some random patterns that, due to sampling variation, show up only in the 2012/13
GHPS but not in the overall population of Nigeria. Or the scorecard may be overfit in
the sense that it is not robust when relationships between indicators and poverty
change over time or when the scorecard is applied to samples that are not nationally

representative.
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Overfitting can be mitigated by simplifying the scorecard and by not relying only
on data but rather also considering theory, experience, and judgment. Of course, the
scorecard here does this. Combining scorecards can also reduce overfitting, at the cost
of greater complexity.

Most errors in individual households’ likelihoods do balance out in the estimates
of groups’ poverty rates for nationally representative samples (see the next section).
Furthermore, at least some of the differences in change-through-time estimates may
come from non-scorecard sources such as changes in the relationships between
indicators and poverty, sampling variation, changes in poverty lines, inconsistencies in
data quality across time, and imperfections in cost-of-living adjustments across time
and across geographic regions. These factors can be addressed only by improving the
availability, frequency, quantity, and quality of data from national consumption surveys
(which is beyond the scope of the scorecard) or by reducing overfitting (which likely has

limited returns, given the scorecard’s parsimony).

36



6. Estimates of a group’s poverty rate at a point in time

A group’s estimated poverty rate at a point in time is the average of the
estimated poverty likelihoods of the individual households in the group.

To illustrate, suppose an organization samples three households on 1 January
2016 and that they have scores of 20, 30, and 40, corresponding to poverty likelihoods
of 75.9, 53.4, and 30.6 percent (100% of the national line, Figure 4). The group’s
estimated poverty rate is the households’ average poverty likelihood of (75.9 + 53.4 +
30.6) + 3 = 53.3 percent.

Be careful; the group’s poverty rate is not the poverty likelihood associated with
the average score. Here, the average score is 30, which corresponds to a poverty
likelihood of 53.4 percent. This differs from the 53.3 percent found as the average of the
three individual poverty likelihoods associated with each of the three scores (and
usually it will differ more than it does in this example). Unlike poverty likelihoods,
scores are ordinal symbols, like letters in the alphabet or colors in the spectrum.
Because scores are not cardinal numbers, they cannot meaningfully be added up or
averaged across households. Only three operations are valid for scores: conversion to
poverty likelihoods, analysis of distributions (Schreiner, 2012a), or comparison—if
desired—with a cut-off for targeting. The safest rule to follow is: Always use poverty

likelihoods, never scores.
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6.1 Accuracy of estimated poverty rates at a point in time

For the Nigeria scorecard applied to 1,000 bootstraps of n = 16,384 from the
validation sample and using 100% of the national poverty line, the average difference
between the estimated poverty rate at a point in time versus the true rate is 0.2
percentage points (Figure 8, summarizing Figure 7 across all poverty lines). Across all
10 poverty lines in the the validation sample, the maximum absolute difference is 1.8
percentage points, and the average absolute difference is about 0.7 percentage points.
At least part of these differences is due to sampling variation in the division of the
2012/13 GHPS into two sub-samples.”

When estimating poverty rates at a point in time, the bias reported in Figure 8
should be subtracted from the average poverty likelihood to make the estimate
unbiased. For the example of Nigeria’s scorecard and 100% of the national line, bias is
+0.2 percentage points, so the unbiased estimate in the three-household example above
is 53.3 — (4+0.2) = 53.1 percent.

In terms of precision, the 90-percent confidence interval for a group’s estimated
poverty rate at a point in time with n = 16,384 is +0.6 percentage points or better
(Figure 8). This means that in 900 of 1,000 bootstraps of this size, the estimate (after

subtracting off bias) is within 0.6 percentage points of the true value.

? As noted earlier, these accuracy measures are over-stated to some unknown extent
because some households contribute an observation to both the construction and
validation sub-samples and because a given household’s poverty status tends to be
correlated across the post-planting and post-harvest rounds in the GHPS.
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For example, suppose that the average poverty likelihood in a sample of n =
16,384 with the Nigeria scorecard and 100% of the national line is 53.3 percent. Then
estimates in 90 percent of such samples would be expected to fall in the range of 53.3 —
(+0.2) — 0.5 = 52.6 percent to 53.3 — (+0.2) + 0.5 = 53.6 percent, with the most likely
true value being the unbiased estimate in the middle of this range, that is, 53.3 — (+0.2)
= 53.1 percent. This is because the original (biased) estimate is 53.3 percent, bias is
+0.2 percentage points, and the 90-percent confidence interval for 100% of the national

line with this sample size is +0.6 percentage points (Figure 8).

6.2 Formula for standard errors for estimates of poverty rates

How precise are the point-in-time estimates? Because these estimates are
averages, they have (in “large” samples) a Normal distribution and can be characterized
by their average difference vis-a-vis true values (bias), together with their standard

error (precision).
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Schreiner (2008a) proposes an approach to deriving a formula for the standard
errors of estimated poverty rates at a point in time from indirect measurement via
scorecards. It starts with Cochran’s (1977) textbook formula of +¢ = £z - ¢ that relates
confidence intervals with standard errors in the case of direct measurement of ratios,
where:

+c is a confidence interval as a proportion (e.g., 0.02 for +2 percentage points),

1.04 for confidence levels of 70 percent
z is from the Normal distribution and is 41.28 for confidence levels of 80 percent ,

1.64 for confidence levels of 90 percent

: : 5=
o is the standard error of the estimated poverty rate, that is, p-(1-D) b,
n

D is the estimated proportion of households below the poverty line in the sample,

: . . : N -
¢ is the finite population correction factor N 7; ,

N is the population size, and

n is the sample size.

For example, Nigeria’s 2012/13 GHPS gives a direct-measurement estimate of
the household-level poverty rate for 100% of the national line in the validation sample
of p = 25.6 percent (Figure 1). If this estimate came from a sample of n = 16,384
households from a population N of 30,746,665 (the number of households in Nigeria in

2012/13 according to the GHPS sampling weights), then the finite population correction
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o is \/30’746’665 — 16,384 _ 0.9997, which very close to ¢ = 1. If the desired confidence

30,746,665 — 1

level is 90-percent (z = 1.64), then the confidence interval £c is

N z-\/ﬁ.(l_ﬁ) IN-n 0.256 - (1 - 0.256)  [30,746,665 — 16,384 _
- n N-1 16,384 30,746,665 — 1

+0.559 percentage points. (If ¢ were taken as 1, then the interval is still +0.559
percentage points.)

Scorecards, however, do not measure poverty directly, so this formula is not
applicable. To derive a formula for the Nigeria scorecard, consider Figure 7, which
reports empirical confidence intervals +¢ for the differences for the scorecard applied to
1,000 bootstraps of various sizes from the validation sample. For example, with n =
16,384 and 100% of the national line, the 90-percent confidence interval is £0.488
percentage points.”

Thus, the 90-percent confidence interval with n = 16,384 is +0.488 percentage
points for the Nigeria scorecard and +0.559 percentage points for direct measurement.
The ratio of the two intervals is 0.488 + 0.559 = 0.87.

Now consider the same exercise, but with n = 8,192. The confidence interval

under direct measurement and 100% of the national line in the validation sample is

= £0.791 percentage points. The

164, [0-256-(1-0.256) (30,746,665 — 8,192
o 8,192 30,746,665 — 1

* Due to rounding, Figure 7 displays 0.5, not 0.488.
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empirical confidence interval with the Nigeria scorecard (Figure 7) is £0.676 percentage
points. Thus for n = 8,192, the ratio of the two intervals is 0.676 + 0.791 = 0.85.

This ratio of 0.85 for n = 8,192 is close to the ratio of 0.87 for n = 16,384. Across
all sample sizes of 256 or more in Figure 7, the ratios are generally close to each other,
and the average ratio in the the validation sample turns out to be 0.86, implying that
confidence intervals for indirect estimates of poverty rates via the Nigeria scorecard and
100% of the national poverty line are—for a given sample size—about 14-percent
narrower than confidence intervals for direct estimates via the 2012/13 GHPS. This
0.86 appears in Figure 8 as the “a factor” because if o = 0.86, then the formula for
confidence intervals c¢ for the Nigeria scorecard is ¢ = £z - o - 6. That is, the formula

for the standard error ¢ for point-in-time estimates of poverty rates via scoring is

S

In general, a can be more or less than 1.00. When a is less than 1.00, it means

that the scorecard is more precise than direct measurement. It turns out that a is less
than 1.00 for six of 10 poverty lines in Figure 8.

The formula relating confidence intervals with standard errors for the scorecard
can be rearranged to give a formula for determining sample size before measurement. If
p is the expected poverty rate before measurement, then the formula for sample size n
from a population of size N that is based on the desired confidence level that

corresponds to z and the desired confidence interval +c is
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2 2 = =

. If the population N is “large” relative to the
-a2-ﬁ-(1—]3)+02-(N—1)J pop 8

sample size n, then the finite population correction factor ¢ can be taken as one (1),

2
and the formula becomes n = (a : zj p-1-7).
¢

To illustrate how to use this, suppose the population N is 30,746,665 (the
number of households in Nigeria in 2012/13), suppose ¢ = 0.03797, z = 1.64 (90-percent
confidence), and the relevant poverty line is 100% of the national line so that the most
sensible expected poverty rate p is Nigeria’s overall poverty rate for that line in
2012/13 (25.6 percent at the household level, Figure 1). The a factor is 0.86 (Figure 8).

Then the sample-size formula gives

1.64 - 0.86” - 0.256 - (1 — 0.2
n:30,746,665.( 64° - 0.86% - 0.256 - (1 — 0.256) j: 3

1.64° - 0.86” - 0.256 - (1 — 0.256) + 0.03797° - (30,746,665 — 1)

which is not far from the sample size of 256 observed for these parameters in Figure 7

for 100% of the national line. Taking the finite population correction factor ¢ as one (1)

0.86 - 1.64

2
) -0.256 - (1 — 0.256) = 263.
0.03797

gives the same result, as n = (

* Although USAID has not specified confidence levels nor intervals, IRIS Center (2007a
and 2007b) says that a sample size of n = 300 is sufficient for USAID reporting. USAID
microenterprise partners in Nigeria should report using the $1.25/day line. Given the a
factor of 0.86 for this line (Figure 8), an expected before-measurement household-level
poverty rate of 22.9 percent (the all-Nigeria rate in 2012/13, Figure 1), and a confidence
level of 90 percent (z = 1.64), then n = 300 implies a confidence interval of

0.229 - (1 — 0.229)
300

+1.64 - 0.86 - \/ = 43.4 percentage points.
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Of course, the a factors in Figure 8 are specific to Nigeria, its poverty lines, its
poverty rates, and its scorecard. The derivation of the formulas for standard errors
using the o factors, however, is valid for any poverty-assessment tool following the
approach in this paper.

In practice after the end of fieldwork for the GHPS in April 2013, a program
would select a poverty line (say, 100% of the national line), note its participants’
population size (for example, N = 10,000 participants), select a desired confidence level
(say, 90 percent, or z = 1.64), select a desired confidence interval (say, +2.0 percentage
points, or ¢ = £0.02), make an assumption about p (perhaps based on a previous