An Economic I nter pretation of Colombia’s SISBEN:
A Composite Welfare I ndex
Derived from the Optimal Scaling Algorithm

By Carlos Eduardo Vélez, Elkin Castafio and Ruthanne Deutsch

November, 1998

ABSTRACT

SISBEN is a proxy means test index widely used as a targeting system for social programs in
Colombia. It serves as an indicator of households economic well-being and is based on a cross-
section sample of Colombian households. The SISBEN index is a function of a set of variables
related to the consumption of durable goods, human capital endowment and current income.
SISBEN was created with the purpose of simplifying, expediting and reducing the cost of
targeting individual beneficiaries of social programs at the various government levels. The
system has been very successful and has generated high demand both in municipalities and
departments, presumably due to its low operation costs and also to the social benefits being
brought to participating communities. SISBEN has expanded quite rapidly. It is currently used
in a wide range of subsidized social programs, most heavily by those that benefit from health
subsidies established by Colombia’s Social Security Law.

This article examines the conformity between the SISBEN index and the degree of economic
well-being of beneficiary households, and evaluates -ex post- the adequacy of the specific
statistical methods used in terms of that objective. Of particular relevance is the treatment given
to an important set of categorical information about household consumption of durable goods.

This analysis allows the authors to conclude that SISBEN represents a composite index of
aternative forms of the household utility function or welfare level. The use of “redundant”
information on consumption, income and human capital endowments —which is endogenously
determined- is necessary and useful, given that the utility of households is unobservable and
traditional dtatistical methods of mode fitting do not apply when categorical information is
heavily used. The method used, “ Optimal Scaling and Alternate Least Squares’ solves the
dtatigtical challenges as it imposes a metric to the categorical variables that are used to compose
the index in order to maximize their contribution to a model of principal components. In
addition, in the case of SISBEN the ALS-OS algorithm was forced to concentrate the optimal
scaling adjustments according to their contribution to the first principal component, which
precisaly reprpesents the utility index of every household. For the data set —from CASEN
household survey, the ALSOS algorithm converges ans is stable to different darting
configurations. The procedure selects arelevant set of variables to identify the poor and the signs,
values and the order that this algorithm assigns to the different categories of al variables are
consistent with economic intuition on consumption and poverty.
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An Economic I nterpretation of Colombia’s SISBEN :
A Composite Household Welfare I ndex
Derived from the Optimal Scaling Algorithm

By Carlos Eduardo Vélez, Elkin Castafio and Ruthanne Deutsch’

I ntroduction
This paper provides an economic interpretation of SISBEN — a proxy means test index widely
used to select beneficiaries of social programsin Colombia since 1994." It serves as an indicator
of households economic well-being and was based on a cross-section sample of Colombian
households collected in 1993.> The SISBEN index is a function of a set of variables related to the
consumption of durable goods, human capital endowments and current income. SISBEN was
created with the intention of smplifying, expediting and reducing the cost of targeting individual
beneficiaries of social programs at the various government levels. The system has been very
successful and has generated high demand both in municipalities and departments, presumably
due to its low cost of operation and also to the social benefits being brought to participating

communities. SISBEN has expanded quite rapidly and it is currently used in a wide range of

" Velez and Deutsch, from the Poverty and Inequality Advisory Unit at the Interamerican Development
Bank and Cadtafio from Universdad de Antioquia and Mision Social-National Planning Department,
Colombia. The authors want to thank Nancy Birdsall for her valuable coments and suggestions. We also
express our gratitude to Maria Teresa Zarta from Mision Social for providing valuable data on the
implementation of the Sisben program and to Luis Tejerina at the Poverty Unit- IDB for his valuable
asistance. .
! SISBEN was developed at Mision Social, Departamento Nacional de Planeacion, Colombia. See Castafio
?nd Moreno (1994) for a presentation of the results and the algorithm of construction.
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subsidized social programs, particularly by those that benefit from health subsidies established by
Colombia’'s Social Security Law and housing subsidies from INURBE.

Our main question is whether the Optimal Scaling algorithm used to derive the SISBEN
Index is consistent with the economic principles underpinning a proxy means test welfare index.
Our analysis leads to the conclusion that SISBEN represents a composite index of alternative
forms of the household utility function —a measure of welfare- and the algorithm used for its
construction solves the challenges posted by the data. The unobservability of utility does not
allow for the application of traditional methods of regression to construct the index. In addition,
the inclusion of detailed categorical information on household consumption of durable goods
precludes the use of linear principal component analysis and therefore alternative algorithms are
required. The method used, “ Alternate Least Squares and Optimal Scaling” —ALS OS- solves the
difficulties with the data form and the type of problem: it imposes a metric to the variables that
are used to compose the index in order to maximize their contribution to a modd of Principal
Components. In addition, in the case of SISBEN the algorithm was forced to concentrate the
optimal scaling adjustments according to their contribution to the first principal component,
which is the dimension of maximum variability and represents the postulated composite welfare
index. The use of information on consumption, income and human capital endowment —which are
endogenoudy linked- while at first glance appearing to be “redundant”, actually turns out to be
necessary and useful, given the type algorithm implemented. The signs, values and the order that
this algorithm assigns to the different categories of all variables are consistent with economic
intuition on consumption and poverty.

The following section of the paper describes SISBEN — it's principal objectives, scope
and coverage, role in determining the allocation of program resources, costs, and factors that
account for its rapid and successful implementation in Colombia. Section 2 undertakes an
economic analysis of SISBEN, (i) examining the consistency of alternative welfare indexes

derived from consumer theory and the data set used to derive this specific welfare index and (ii)



evaluating -ex post- the adequacy of the Optimal Scaling Algorithm used to derive the true
welfare index. The next section describes the algorithm of Qualitative Principal Components
Analyss —that includes Alternating Least Squares and Optimal Scaling- used to derive the
SISBEN index, and details a series of methodological issues that were addressed during the
preparation of SISBEN. It also reviews the results on scaling and weights and provides
comparisons for urban and rura areas. Finally we summarize the main results and offer some
concluding thoughts.

1. What is SISBEN?

Objectives
SISBEN — El Sstema de Seleccion de Beneficiarios para Programas Sociales —(System for the
Selection of Beneficiaries of Social Programs) was designed to provide local governments with a
cost-effective technical instrument that could be used for the targeting of social expenditures to
the most poor and vulnerable groups. Designed within the context of an overall decentralization
effort within the social sectors following upon the Constitutional Reform of 1991, SISBEN aims
to achieve not only accuracy in targeting, but also seeks ease of implementation for local
governments with limited administrative capacity.

The overall objective was to obtain reliable socio-economic information on poor and
vulnerable groups of the Colombian population to be used in the targeting of social programs --
particularly the newly reformed subsidized public health system.

Specific objectives include:®
= Expedite the targeting of beneficiaries for subsidized social programsin atransparent fashion,

based on uniform, technical and equitable criteria.
= Support interingtitutional coordination at the municipal level in order to improve the impact

of social spending and eiminate duplication in program benefits.

3 See DNP-UNDP (1996).



= Allow for the evaluation of targeted spending goals at the departmental, district, and
municipal level in order to make a dgnificant impact in the fight against poverty in
Colombia.
=  Provide inputs for the preparation of detailed socioeconomic diagnogtic studies and poverty
profiles usable for the eaboration of municipal social development plans and the design and
implementation of specific programs and projects targeted to the neediest; and
= Contribute to indtitutional strengthening at the municipal level, through the start-up and
training in the implementation of a modern management information system,;
How SISBEN Works
SISBEN functions essentially as a proxy means test for households that are potential beneficiaries
of social programs. A household welfare index of qualitative and quantitative socioeconomic
variables was derived using the datistical algorithm of Qualitative Principal Components or
PRINQUAL -outlined in Section 3-, working with the CASEN survey of 25,000 households.
The final subset of variables selected by the algorithm were determined as most efficient in
predicting household welfare differences and poverty.* They are easily collected in a short
interview by applying la Ficha de Caracterizacion Socioecondmica —Socioeconomic
Classifications Form. With the aid of a customized software, the SISBEN score for a household is
readily calculated and a ranking and a stratification of potential beneficiaries was obtained.”
Table 1 provides a description of the variables collected in the SISBEN questionnaire, and the
alternative number of points assigned to each answer category in order to calculate the SISBEN

score of the household .

* Thefinal set of variables was smaller than the larger set of variables with which the process started. This
set included all the suggestions by poverty expertsin Colombia. The algorithm selected the final subset
according to their contribution to the objective funcion of the process (see section 3 bel ow).

> In most cases, local communities were allowed to review the selection of beneficiariesin order to detect
non poor familes mistankenly classified.



Table 1.a Score per answer category in each variable. SISBEN, Urban, 1993

VARIABLES CATEGORY DESCRIPTION I SCORE(*®)

HUMAN CAPITAL. SOCIAL SECURITY AND FIRM SIZE FACTOR

Schooling of oldest wage earner

No education 0

Some elementary 1.6239
Complete elementary 3.4435
Some secondary 5.0039
Complete secondary 7.3434
Some higher education 9.7833
Complete higher education 11.5460
Graduate studies 12.4806

Mean schooling for people 12 vears old and older.

0 0

4 1.6570
5 2.9947
10 4.9690
11 7.6387
15 9.4425
16 10.6900
More than 16 11.1396

Social Security and plant size

Without Social Security and works alone or doesn’t work 0

Without Social Security and works in a plant with 2 to 9 employees 1.1660
Without Social Security and works in a plant with 10 or more employees 2.6545
With Social Security and works alone or doesn’'t work 3.9539
With Social Security and works in a plant with 2 to 9 employees 5.8427
With Social Security and works in a plant with 10 or more employees 6.9718

DEMOGRAPHIC, UNEMPLOYMENT, INCOME AND ROOM CROWDING

Proportion of children below 6 vears old

Greater than 0.65 0
From 0 to .65 0.2237
Cero 1.4761
Proportion of family members emploved
Less than 0.30 0
From 0.30 to 0.60 0.6717
From 0.60 to 0.90 1.7390
Greater than 0.90 4.0149
Room Crowdina (Number of rooms per person)
Less than 0.20 0
0.20 to 0.30 0.5584
0.30 to 0.40 1.6535
0.40to0 0.70 2.5727
0.70 to 1.00 4.3886
1.00 to 4.00 6.0042
Greater than 4.00 8.3828
Per capita income in minimum waae units
Less than 0.15 0
From 0.15 to 0.25 0.8476
From 0.25 to 0.35 2.1828
From 0.35 to 0.50 3.5362
From 0.50 to 0.75 5.3636
From 0.75 to 1.00 7.0827
From 1.00 to 1.25 8.2489
From 1.25 to 1.50 9.4853
From 1.50 to 2.00 10.2098
From 2.00 to 3.00 11.3999
From 3.00 to 4.00 13.0872

Greater than 4.00 13.7378




HOUSING CHARACTERISTICS AND APPLIANCES FACTOR

Wall Material

Picked up by public services

Without walls, bamboo or other organic materials 0
Zinc, cloth, cardboard, cans 0.2473
Raw wood 2.0207
"Bahareque” 4.8586
Adobe, "Tapia pisada” 6.2845
Block, bricks, stone, prefabricated material, polished wood 7.7321
Predominating roof material
Straw or palm leaves 0
"Desechos"” (cardboard, cans, "sacos", etc.) 2.1043
Zinc, asbestos, cement, without “cielo raso” 3.7779
Clay tile, zinc, asbestos, cement, with "cielo raso” 5.0973
Predominatina floor materials
Dirt 0
Burda wood, boards 2.9037
Cement 3.6967
Floor tile (clay, vinilo), brick or paving tile 5.8712
Wall to wall carpet, marble, polished wood 6.8915
Home appliances
No basics 0
Up to three basics 2.1435
Four basics without washer 3.0763
Up to three or four basics with laundry machine 47194
PUBLIC UTILITY SERVICES FACTOR
Water supply system
River or spring 0
Public fountain 1.1601
Well without water pump, container or rain water 2.6497
Well with water pump 4.6037
Container truck 6.1693
Aqueduct 7.2554
Sewage disposal
No sewage 0
Latrine 2.4519
Toilet without conection to sewer or septic tank 3.3323
Toilet with conection to septic tank 3.9615
Toilet with conection to sewer 6.8306
Garbage disposal
Yard, lot, river, etc. 0
Local container or public trashcan 2.1291
3.2701

SOURCE: Velez y Moreno, 1994

(*) Summary of weights and scales after typification.Sum of maximum scores per variable is equal to 100.




Table 1.b Score per answer cateaory in each variable. SISBEN, Rural, 1993

VARIABLES CATEGORY DESCRIPTION SCORE(*)

HOUSING CHARACTERISTICS AND APPLIANCES FACTOR

Wall Material
Bamboo, canes or other organic materials 0
Zinc, cloth, cardboard, cans 3.2042
"Bahareque", mud wall cast in woodforms, adobe 3.4319
Raw wood 4.5588
Block, brick, stone, prefabricated material, polished wood 7.0780

Predominating roof material
Straw or palm leaves 0
"Desechos" (cardboard, cans, "sacos", etc.) 1.1312
Zinc, asbestos, cement, without plastered ceiling 3.7615
Clay tile, "losa", zinc, asbestos, cement, with plastered ceiling 4.8771
Dirt 0
Raw wood, boards 2.4628
Cement 3.7474
Floor tile (clay, vinilo), brick, paving tile 5.4726
Wall to wall carpet, marble, polished wood 5.7495

Home apoliances
No basics 0
Up to three basics 1.6865
Up to three or four basics with laundry machine 2.7080

HUMAN CAPITAL, SOCIAL SECURITY AND FIRM SIZE FACTOR

Schooling of oldest wage earner
No education 0
Some elementary 0.2528
Complete elementary 1.5723
Some secondary 3.7663
Complete secondary 5.1876
Some higher education 11.4263
Complete higher education 13.0990
Graduate studies 18.3860

Mean schooling for people 12 vears old and older
0 0
4 0.3269
5 1.5793
10 3.2931
11 6.3560
15 12.3633
16 12.5863
More than 16 18.0414

Social Security and plant size
Without Social Security and works alone or works in a plant with 2 to 9 employees 0
Without Social Security and works in a plant with 10 or more employees 1.4320
With Social Security and works alone or doesn’'t work 2.6097
With Social Security and works in a plant with 2 to 9 employees 3.6514
With Social Security and works in a plant with 10 or more employees 4.5259




PUBLIC UTILITY SERVICES FACTOR

Water supply system

River or spring 0
Public fountain 1.0523
Well without water pump, container or rain water 1.6591
Well with water pump 2.2640
Container truck 3.5759
Agueduct 7.2438
Sewage disposal
No sewage 0
Latrine 1.4398
Toilet without conection to sewer or septic tank 3.0718
Toilet with conection to septic tank 4.2110
Toilet with conection to sewer 7.3137
Garbaage disposal
Yard, lot, river, etc. 0
Local container or public trashcan 1.5414
Picked up by public services 2.6758
DEMOGRAPHIC, UNEMPLOYMENT, INCOME AND ROOM CROWDING
) .
Greater than 0.65 0
From 0 to .65 0.2181
Cero 1.1626
Proportion of familv members emploved
Less than 0.30 0
From 0.30 to 0.60 1.0806
From 0.60 to 0.90 1.8668
Greater than 0.90 3.1957
Room Crowding (Number of rooms per person)
Less than 0.30 0
0.30 to 0.60 0.8956
0.60 to 1.00 1.8988
1.00 to 4.00 2.9379
Greater than 4.00 49313
Per capita income in minimum wage units
Less than 0.15 0
From 0.15 to 0.25 1.1079
From 0.25 to 0.35 1.9561
From 0.35 to 0.50 2.9685
From 0.50 to 0.75 3.9781
From 0.75 to 1.00 4.9210
From 1.00 to 1.25 5.6862
From 1.25 to 2.00 5.6862
From 2.00 to 3.00 7.7840
From 3.00 to 4.00 8.5781
Greater than 4.00 9.3504

SOURCE: Velez y Moreno, 1994
(*) Summary of weights and scales after typification.Sum of maximum scores per variable is equal to 100.




<[Table 1A. SISBEN. Score per answer category. Urban. ]>
<[Table 1B. SISBEN. Score per answer category. Rural. 1>

The variables collected by the Ficha de Caracterizacion Socioendémica to tabulate the
SISBEN score that predicts the well-being of the household, can be roughly grouped into four
sets: Housing and home appliances, public utility services, human capital endowments and
economic risk and, finally, a fourth group that includes family demographics, unemployment,
dependency ratio and income per capita.’ Within each group, there are three or four variables and
each of them is recorded in different categories or characteristics, easily observed or confirmed
by the interviewer. Relative values are assigned to each of the (mutually exclusive) observable
characteristics within each sub-group -these values are distinct for rural and urban areas-. For
instance, in the urban area there is a gain of five points associated with economic risk and
employment type, when the principal household earner works in a firm with social security and
more than ten workers instead of a smaller firm and no social security.” Having a principal wage
earner with higher education instead of incomplete primary education brings almost 12
additional points. If more than 90% of digible members of the household are employed, three
additional points are given than if less than 30% of economically active household members are
employed. Procuring water from aqueduct or pipe produces again of almost six points relative to
getting it from a public fountain. Having at least three basic home appliances and a laundry
washing machine increases in 2.5 points the total score for the household. With this level of
detail, it isthen possible to calcul ate the household' s final SISBEN score.

In some programs the final SISBEN index or scoreis divided into strata based on the severity
of poverty — level 1 being the poorest and roughly correspondent to other definitions in the region of
extreme poverty, while level 2 corresponds to more traditional definitions of poverty.? There are six

levels of SISBEN classfication, with absolute scoresranging from 0to 100. The magority of national

® The reasons behind this grouping will be expalined in section 3 and the appendix.
"Inascaleof zeroto 100 points from minimum to maximum.
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targeted socid programs redrict digibility to poverty leves 1 and 2, although there are a few
exceptions which aso include levd three —see Table 3-. The cut-off pointsfor the firg three sratawere
determined with a probit modd with the objective of minimizing the error (type | ) of excdluding the
“trug’ poor when defined in terms of ether income measures or basic needs indicators®  The cut-off
used for determining digibility for entry into the subsdized public hedlth care program — the most
important user of the SISBEN system corresponds to level 2- with a cut-off score of 47 in urban areas
and 30inrurd areas. Thecut-off isdifferent for each program which usesthe SISBEN results and the
system can also sarve to allocate program resources to the neediest with the cut-off determined by
program budget congtraints, given that each household is given an absolute score.

<Table2. SSBEN Srata 1 to 3. Cut-off points and comparison with distribution of the poor by
income criterion. Urban and Rural, Colombia, 1993.>

When poverty measures by income and SISBEN are compared (Table 2) , relative rura
poverty seems to be more intense under the second criterion. Using the income extreme poverty
line, rural poverty is nearly 33%, which is 3.3 times the urban poverty rate . However, using the
SISBEN diratification, extreme rural poverty is nearly 23%, which is more than 4 times the
extreme urban poverty rate.*’

Coverage and Rates of I mplementation
SISBEN was implemented largely during the course of 1994 and 1995. The targeting system was
applied in more than 90% of the municipalitiesin Colombia thanks to a wide-ranging campaign
of dissemination, technical assistance, and training which was designed and coordinated at the
central level by Mison Social from the National Planning Department and implemented in
partnership with the administrative departments of Planning at the Departmental level.

<Table 3. Total SSBEN Surveyed Population, Urban and Rural by Poverty Strata >

8 See Velez, Castano and Correal (1995).
® See Castano (1995).
19 \When income poverty lineisi used results are similar, although relative differences are smaller.
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Table 3 provides more detail on SISBEN'’s coverage as of 1996. Nearly 40% of the total
population of Colombia — in more than 90% of the municipalities and from all the departments,
was covered by the SISBEN survey as of 1996.™ Sixty percent of the households surveyed were
in urban areas and 40% in rura areas™ Due to the concentration of population in urban aress,
the result was that dightly less than 30% of the population in urban areas was covered by
SISBEN and dightly under 40% in rural aress. In urban areas, nearly two-thirds of the
population surveyed demonstrated levels 1 and 2 of poverty according to the SISBEN index,
allowing them potential digibility for entry into the subsidized public health system. In rural
areas, the corresponding proportion of SISBEN respondents classified in the bottom two tiers of
poverty was 78%. In rural areas, the implementation of SISBEN made special efforts to reach
more marginalized zones, with three quarters of households surveyed residing outside of town
centers. Survey coverage was determined at the local level based on analysis of prior socio-
economic information to determine localities where low-income groups were concentrated. A
first round large-scale census was undertaken in these areas, accounting for roughly 95% of
SISBEN coverage. Subsequently, there was a demand-driven phase of surveying, wherein NGOs
and community groups solicited surveying of specific households and areas where there was
latent demand for social programs. Furthermore, individual households could also apply for
SISBEN surveying if they felt that they were eligible to receive subsidies and had been passed
over in earlier survey rounds. Nonetheless, nearly one-third of municipalities studied in a recent
evaluation reported problems with undercoverage of the target group — the majority citing
difficulties in achieving desired response rates in the first round of surveying as the principal

problem.

1 As of June 1997, 98% of Colombia’s municipalities had participated in SISBEN
12 This proportions are not very far from the distribution of the poor by income criterion: 44% urban and
56% rural, acoording to World Bank (1995), ch.1.



Table 2. Sisben Strata: cut-off points and population distribution
Strata Maximum | % of population by strata |Poor by income
Sisben Points predicted Jcumulative [1992(*) %
URBAN
1 (Extreme Poverty) 35.8 4.9 4.9 9.9
2 (Poverty) 47.4 155 20.5 37
3 (3 times_extreme poverty line) 58.5 31.4 46.9
RURAL
1 (Extreme Poverty) 18.0 23.0 23.0 32.7
2 (Poverty) 29.9 32.7 55.7 65
3 (3 times_extreme poverty line) 45.4 34.2 66.9

Source: CASEN Survey and calculations by Castafio (1995)
(*): Source, DANE, World Bank (1995).

Table 3. Total SISB

EN Population. Urban and Rural by P

overty Strata

12

Total Population % Affiliation to Health Subsidized Insurance % of surveyed population by Strata

Population SISBEN/96 | Covered| Potential = Strata 1 + 2 Actual 1997 | Strata 1| Strata 2| Strata 3 Rest
National Total 38,318,448 | 12,208,122 32%| 8,354,415 68%]| 7,026,689 | 29.2%| 39.2%| 24.8% 6.7%
Urban Total 27,751,869 7,735,114 28%| 4,851,053 63% 24.6%| 38.2%| 27.9% 9.4%
Rural Total 11,758,788 4,473,008 38%| 3,503,362 78% 37.2%| 41.1%| 19.6% 2.1%
Rural Populated 24.6%| 29.6%| 14.4% 1.2%
Rural Disperse 12.7%] 11.4% 5.2% 0.8%

Source: "Informe de las Oficinas de Planeacién Departamental sobre estado de avance SISBEN
DANE: Poblacion estimada 1996, con base en Censo de Poblaciéon 1993

Table 4. Average cost of SISBEN Screening. Colombian Municipalities, 1996.

Cost Acumulated
frecuency
1st QUARTILE 1752.00 25%
2nd QUARTILE (median) 2395.00 50%
3rd QUARTILE 3657.00 75%
Average 3295.31 71%

Source: Misién Social, Departamento Nacional de Planeacion
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Utilization

While SISBEN was most widely used for the expansion of the subsidized public health program
(Graph 1) — with more than 80% of participating municipalities using the survey for this purpose-,
it was also used to aid in the alocation of program resources from other sources. 62% of
municipalities used SISBEN results as an aid in the alocation of funds for Colombia’s equivalent
of a Social Investment Fund — la Red de Solidaridad. Trailing behind in use of SISBEN
information were housing subsidies (25% of municipalities), municipa development plans
(24%); and education and nutrition subsidies (17 and 16% respectively). Nonetheless, the main
user of SISBEN was without doubt the Ministry of Health, for whom SISBEN provided a key
informational component in the design and implementation of a program of decentralized health
care subsidies in partnership with the municipalities.

<Graph 1. SSBEN utilization by program type. Frequency by municipality. Colombia, 1996>



Graph 1. Sisben Utilization by program type. Frequency by municipality. Colombia 1996
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Of the more than 90% surveyed population who were not aready enrolled in the public health
care system, 29% were below SISBEN’s extreme poverty level and 39% at poverty level. In
other words, more than two thirds of the SISBEN survey respondents, that is 8.3 million persons
gained potential access to subsidized public health care. As a result of expanding coverage by
SISBEN municipalities gained actual funding to include their population beneficiaries in the
newly designed public health care system and the number of people covered at the end of 1997
was nearly 7 million in total. This represents ailmost 85% of the total of potential beneficiaries,
and clearly demonstrates the success of the expansion of the new health care scheme once it was
linked to an expedient and relatively inexpensive method of targeting.
Screening Cost are Low

Screening cogt, for SISBEN are very moderate. Table 4 presents information on the average cost of
screening each family by SISBEN system in 453 Colombian municipalities that represent roughly 90%
of the total number of applied Fichas evaluated by Mision Socid in 1996.° The median cost of
completion of the SISBEN quegtionnaire in 1996 was 2,395 pesos —roughly $2.25 in 1996-. Cost were
rdatively heterogeneous but half of the sample fdl between 73% and 152% the reported median cost
per family screened. Unit costs per person were quite small, averaging 570 pesos or $0.53 per person.
The codt for screening isavery small portion —half percentage point- of the annual cost of a Subsidized
Hedlth Plan for afamily of five. And much less for a Housing Subsidy of INURBE that has a value two
or three times larger. Furthermore, utilization of SISBEN for targeting more than one program at the
same time would bring economies of scale and reduce even further the relative cost of screening.
Compared to other screening devices in Latin America, SISBEN thus appears inexpensve. According
to Margaret Grosh (1994) smilar targeting systems have targeting cost ranging from 0.5% to 1.5% of
program spending.*

<Table 4. Average Cost of S SBEN Screening. Colombian Municipalities, 1996>

3 DNP-UNDP (1996).
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Factors Contributing Towards Success in | mplementation
There were sevard political and inditutional factors which contributed to SISBEN's rapid
implementation in Colombia. Firg of all, the Colombian congtitution of 1991 explicitly states the need
to target or direct social spending to the neediest groups in the country — at the national, departmentd,
and loca levd. In fact, more than 60% of loca government transfers are distributed in direct
proportion to the number of residents with Unsatisfied Basic Needs, as stipulated in article 357 of the
Political Condtitution. Secondly, Article 30 of National Law 60 of 1993 on Intergovernmental Trandfers
and Resources defines targeting of public subsdies as “the process by which it is guaranteed that social
spending is assigned to the neediest groups.”

Towards that end, CONPES —the Council of Economic and Social Pdlicy- has the mandate to
define, every three years, the criteria for the determination, identification, and selection of beneficiaries
to be usad in the alocation of social spending by different levels of government in Colombia.
CONPES dtipulated two criteria in 1994 — the system of socio-economic dratification, and SISBEN.
The former is usad essentidly for micro-geographic targeted subsidies through public utility tariff
discrimination, whilethe latter isusad for beneficiary targeting.

The second principal stimulus —certainly the most powerful - to the expansion of SISBEN was
the promulgation of a major decentralization of the nationa health systlem, which provided funding for
subsdized hedlth care to municipalities on the basis of the number of digible households -as defined by
their SISBEN score- in each municipality.”® Thus, in addition to the legal requirement for the system,
there was a program need for the SISBEN results, with significant resources attached as a prize for
implementation. Moreover, this incentive compatible characteristic was reinforced by the growth of
other national programs that required individual welfare measures for targeting: for example, the Social

Fund -Red de Solidaridad Socid- and the INURBE' s Housing Subsidy Program.

14 See Chapter 4 in Grosh (1994). Administrative cost should also be compared, however current data
available for Colombia does not allow this calculation.
> Municipal authorities are democratically elected in Colombia.
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Careful user-friendly design and massive training at the local further simulated the wide-
ranging implementation of the SISBEN system. These free resources not only reduced fixed monetary
cogts, but also time waiting codts for implementation of the targeting system and ddlivery of programs.
Partnerships and effective divison of labor between national, departmental, digtrict, and municipal
governments alowed for the necessary technical support to accompany implementation.  Excdlent
social marketing, education, and training — not only of government officials but of NGOS representing
congtituencies who would benefit from the SISBEN system, created additional awareness of the
usefulness of the information syssem and demand for its implementation.  The user-friendly design,
complete with a series of training pamphlets and a customized software to process SISBEN scores and
use SISBEN information for the monitoring of socia spending at the municipa leve, increased the
relevance and utility of the system for local governments— further gpeeding itsimplementation.

In summary, most of the fixed costs for targeting implementation were absorbed by the central
government and margina costs —monetary and non-monetary- for municipalities were relatively low.
Decisons to implement SISBEN were decentralized and, in addition, incentives to do so were
compatible as long as programs promulgated together with SISBEN gave a guaranteed political return
for local leadership.

2. An economic inter pretation of SISBEN:

In this section we want to show how the SISBEN Index can be interpreted as a composite index
of welfare indicators to rank households according to their level of well-being. We will see that
SISBEN is a proxy means test index that belongs to the welfarist class of welfare measures.
Before dealing with the main topic of this section, we start with a brief review of the advantages
and limitations of alternative welfare indicators.

2.1 Alternative Individual Welfare M easur es

Typicaly individual welfare measures are instrumental in helping to target public programs in
order to increase their capacity to reduce poverty and inequality. There are several arguments,

both analytical and empirical, which show that when more and better information about
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individual’s welfare levels is used for targeting purposes the equity gains out of a fixed
government budget can be significantly enlarged.'

In the choice of individual welfare measures we may identify three basic approaches:’
The Welfarist approach, based on individual utility derived from commodities or income. The
Basic Needs approach, which stresses the satisfaction of human needs or the level of well-being
achieved in specific terms, such as: housing, basic, housing services, room crowding, economic
dependence, access to schooling.’ Thirdly, there is Amartya Sen’s approach that puts emphasis
on the capabilities to function and therefore looks at commodities not as ends but as means to
desired activities.™ All aternative measures have certain advantages and disadvantages.
Moreover, the implementation of each type of measure faces a whole spectrum of specific
complications that constrains the choice of afeasible welfare measure.

The Capabilities approach certainly faces an unobservability problem. At most,
achievements are observed  but capabilities are not.* Basic Needs is functionally inflexible in
terms of weights and is lexicographic because one unsatisfied Basic Need is enough to labd a
household as poor. In this sense the Index of Unsatisfied Basic Needs —NBI- gives a confusing
signal of extreme poverty, since it ignores the level of satisfaction in other dimensions of well-
being. According to the World Bank (1995), in the case of Colombia, NBI is a very poor indicator
of income poverty incidence

Although the poor (defined on the basis of three alternative poverty lines)

experience higher incidence of the four NBI’ s than the population as a whole (...)

the incidence of unsatisfied basic needs (...) is far from overwhelming. In urban

areas, for example, only one on three individuals in the extremely poor group is

poor under NBI criteria. To the extent that policymakers wish to reach families

with incomes below the poverty line, the use of the NBI index would involve large
errors of exclusion and inclusion®.

16 For example, Ravallion and Chao (1989), Glewwe and Kanaan (1989).

7 We follow the classifications are suggested in Lipton and Ravallion (1995), pp. 2566-69 and Deaton
(1997) ch. 3.

18 See Streeten et al (1981) and Richards et al (1982)

19 Sen (1979, 1985, 1987).

2| jpton and Ravallion (1995) p..

2 World Bank (1995), p.8.
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Income is ideal as long as it avoids a parametric utility function, but reliable data is
difficult to obtain. Consumption is good but requires expensive data collection and the
availability of price indexes. Additionally, these two welfarist measures ignore the role of public
spending,” and therefore they may overestimate poverty and inequality, when public spending is
progressive.”

Consumption measures are also criticized because they ignore life cycle effects and
different constraints to smooth consumption —especially credit for the poor-.** However, if we
think that the poor are more likely to be constrained in their access to credit, their accumulation of
durable goods should follow closaly their savings path. Therefore their differences in durable
consumption with respect to the rest of unconstrained consumers should be larger than ther
income differences would suggest, especially for poor households in the earlier stages of the life
cycle.

The welfarist approach offers the foundation for the exact Means Test that is typically
based on income or consumption. However, these indicators are not practical in developing
countries.”® In addition to the incentives to understate income or consumption welfare levels,
verification is costly given the lack of records about social security and taxes or data bases on
government payrolls. A preferable alternative is the use of proxy means tests, which are weighted
indexes on non-income characteristics of the household, including economies of scale or
equival ence scales in family composition. %

These type of indexes have been used in Latin-American countries —e.g., Chile, Costa

Rica and Colombia- and seem to be good predictors of individual welfare. Grosh and Baker

22 Deaton (1997) or Lipton and Ravallion (1995)

% For example, Vélez (1995, 1997) shows that Colombian public spending in 1992 reduced the Gini
coefficient -income plus imputed subsidies- in almost 9%. And estimates on poverty rate reduction are
close to 4 percentage points.

24 |ipton and Ravallion (1995) p. 2573.

% Grosh and Baker (1995).

% Note that the Proxy means test remains within the commodities oriented or wealfarist approach.
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(1995) tested the predictive capahilities of a Proxy Mean Test in Jamaica as a welfare indicator.
In this case the index contained information about location, housing, human capital endowments
of the family, employment and ownership of durables. Their evaluation shows that these indexes
are reasonably good to assess digibility for social programs. Although they do not eiminate the
undercoverage problem completely they reduce leaks and as a result their capacity to reduce
poverty is significantly increased. Grosh and Baker (1995) show as well how robust these indexes
are to distortions of information by the potential beneficiaries of the programs. According to
Grosh (1994), within this class of indexes the Chile's proxy means test has produced the best
incidence outcomes to datein Latin America.

2.2 A composite index of welfare indicators to rank households according to their level of
well-being.

Given the description offered above, SISBEN is obvioudy a proxy means test index. It is a
weighted index of several characteristics of the household that was constructed with an ad-hoc
statistical algorithm, namely Optimal Scaling and Alternating Least Squares. In this section we
propose an interpretation of the economic foundations implicit in the procedure used to derive the
SISBEN index of household’s well-being, from the perspective of consumer behavior.

First of all, we notice that thisindex includes three different sets of variables that are relevant
to evaluate the consumer’s utility level: (i) consumption of durable goods and services such as
housing, public utilities and household appliances (ii)) Human capital endowment, and (iii)
current income.

Marshallian demands
From consumer theory we know that the consumer’s preference ordering on good bundles can be
represented by a utility function, from the goods space to the real line. This cardina

representations of the preference ordering is such that vectors of consumer demand determine
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different individual wefare levels: that is, U(x;) > U(x) if and only if the goods vector x; is
gtrictly preferred to x, .2’

In the case of SISBEN, the first set of variables observed for each household i is the
vector of Marshallian demands, x*(po, ¥i).”® Given that households differ in their income levels,
the direct utility derived from the observed Marshallian demands must reflect their well-being
differences, that is, their level of utility increases with income: U (X* (po, ¥1)) 2 U (X*(Po, ) if Vi
> y.  However, other sources of variation in welfare should come from taste shifters and
differences in the price vectors that each household faces -mainly from regional changes-. Thus,
to obtain the order of well-being of the households, we are entitled to postulate a utility index U;
as afunction of the vector of observed demands for goods x; of each householdsi=1,...n,

U=FX)+ & + n
where ¢ and n; are the error terms that correspond respectively to taste shifters and regional
differences in prices vectors. Notice that Ui can be seen as a quantity metric utility index of an
indifference curve, thus it can be represented by the scale of a vector in the goods space. *

Current Income
Directly from the definition of the indirect utility function: V(p, y) = U(X*(p, ¥)), it is obvious that
V(.) must reflect the same differences in income distribution that U(.) captures in terms of optimal
consumption. The Indirect Utility Function is nondecreasing in income, therefore
V(po, y)* V(po, y)) if ¥i>y;.

Even more, we know that (i) the Expenditure Function of the household, e(p,V) =
P X (p, U), represents the same ordering given by the utility level U and (ii) It isidentically true

that y = e(po, V(po, y)). Thus income as such represents that same ordering given by the indirect

2\ there is a preference ordering on the goods space X I Rn*, and this ordering is Rational, Continuous
and gtrictly Monotonic then there exist a utility function from the goods space to the real line. See Varian
(1992) ch. 7 or MasCalld (1997), chs. 1 and 3.

% This quantities are the outcome of the optimization of their preferences—i.e.: maximize U(x)- constrained
by their income, y and the price vector ruling the goods market, p,.
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utility function V(.) and the direct utility function U(.).*® Therefore, the household differences in
well-being can be represented by a utility index V1; as a function of current income, yc, of
different households, subject to additional sources of variation coming from (i) temporary
components of income, r; and (ii) the taste shifters and regiona price differences, mentioned
above.

V1=G(yc)+e + n +r;

Human Capital Endowments
Labour income of the household is the realization in the labour market of services derived from
their human capital endowment. This process occurs as a joint decison of labour force
participation (leisure versus work) and consumption of goods and services. The household
optimization process of a typical household is represented by the maximization of a utility
function of consumption and leisure subject to income from exogenous sources and from the sale
of labour services. Obvioudy, Marshallian demand functions of consumption c¢* and leisure I*
(in [0, 1]) will be functions of the price vector -including the wage or the price of leisure- and
the full income that is linear on the human capital endowment of the consumer h and exogenous
income Yo:

li* (p, wh,+ Yoy) and c*(p, wh,+ Yo))
Where, h; is the number of equivalent human capital units of agent i that have price w in the
labour market. And the corresponding indirect utility function is

Vi((p, hi, Yo)) © Ui(li* (p, hi, Yo), ¢*(p, hi, Yoy))

Which implies that the ranking of household welfare can be represented by a utility index

V2, function of observed household’s human capital endowments h;.** And thisindex also reflects

% Deaton and MuelIbauer (1980) , p.181.

% Deaton (1997), p.148 emphasizes the advantage of using real income or expenditure as welfare indicator
“in order to avoid the specification of a parametric utility function”.

3 1n a Developing Country like Colombia, this process of labour force participation is obviousy more
complex and it involves the selection of employment as wage earner or self employed and differences in
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the order of preferences represented by Ui(.) and V1(.). Obvioudly, there are additional sources of
variations, d;, coming from the (i) regional differences in the price of labour services and (ii)
exogenous shocks to demand for labour skills.

V2i=HMh)+e + n + d
So far we have shown that for each of the three sets of variables included in SISBEN index we
are able to postulate a utility index for the households of the sample. Then a positive linear
combination of those three representations of the order of households', W, welfare must reflect
that same order,

W =aU+ bVl +cv2 =aF(x) + bG((yg) + cH(h) + m
where a, b and ¢ are positive congtants. Thus the index W, (x;, yci, hy) on the real line of durable
goods, current income and human capital endowments should discriminate the households on the
samplein the direction of economic well-being.

Relevant data on consumption, but in categorical form and without a metric
In the SISBEN index, the data on demands for goods and services is limited: first of all, it does
not contain the whole set of goods but a subset of durable goods: housing and home appliances.
This choice serves the practical purpose of using information that is not difficult to verify.
Secondly, the information available provides a very rich description of the quality or
characteristics of this type of goods. In fact, it includes the relevant characteristics of dwellings
describing several dimensions of its construction and also the access and quality of public utility
services, in various categories or quality levels. For example, the house floor is described in
categories such as dirt, unpolished wood, cement, bricks, “vinilo or baldosas’ and carpet or

polished wood or marble. Or the supply of water categories are: obtained by walking to ariver or

plant sizes. Those choices are bundled to different levels of exposure to risk, e.g.: social security coverage
for health and / or retirement. Then, the type of job selected by workers must reflect the level of coverage
that workers have against exogenous sources of risk.
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spring, collected from a public fountain, obtained from a well by hand or storing rain, or from a

well with pump, or from awater tank delivery or, at best, via aqueduct.

Nevertheless, the availability of relevant information about consumption in categorical
form —polycothomus- is a mixed blessing because it brings additional complications or demands
to the algorithm used to derive the utility index: the statistical algorithm used must provide a
metric or a distance for the quality categories included in the sample. Even more, for those
variables for which we have a metric —e.g. current income, years of schooling- it is not desirable
to impose ex-ante a linear relation to the utility index, therefore more flexihility should be
allowed to this functional relation.*

3. The construction of the utility index by the statistical algorithm of Optimal Scaling:
A solution to the weight problem and the use of valuable categorical information on
consumption of durables

The construction of the utility index proposed in the previous section cannot be done with

regression analysis methods. The utility levels represented by U, V1 and V2 are not observable.

Second, most of the variables of the consumption of housing and other durables are observed as

categories without a metric, thus linear principal components do not apply. However, from

consumer theory as summarized in the preceding subsection, we know that there exist an index on
the real line that represents the mapping to the utility of households from Marshallian demands,
or from current income or from human capital endowments.

We claim that the algorithm of Alternating Least Squares and Optimal Scaling —ALS-OS-
(Qualitative Principal Components) finds that index by (i) providing a metric to the different
categories of the variables and (ii) giving them weights according to their contribution to the first
principal component of the system. Precisely that first component represents the dimension of
maximal variability in the data, which is the unobservable utility index that must be constructed.

Note that this claim rest upon the assumption that the main source of variability in the sample

% For example, by entering several range values of the variable with metric and allowing different slopes,
spline forms of the index might result.
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data is related to differences in income and human wealth and not to taste shifters or regional
price changes.

The use of smultaneoudy or endogenously determined variables like current income,
consumption and human capital could be considered a problem of “redundancy” and a source of
multicolinearity in a regression exercise. However in this case it is convenient and advantageous
given that the implicit consumer’s optimization process links the different subsets of data and
increases the constraints on the algorithm to converge to the true utility index.. We know a priori
that there is a covariance structure between these three main sets of variables —consumption,
income and human capital endowments- and that is precisdy the force that drives the weight
assgnment of weightsin the principal component part of the process.

The algorithm used involves several steps, the first and most important procedure is
called Optimal Scaling, a procedure that produces non-linear transformations of qualitative
variables in order to maximize the fit of the data to a modd of principal components. Notice that
this specific characteristic of the transformation procedure imposes the objective of producing an
ordering of househalds in the context of a principal component model. More specifically the
ALS-OS algorithm was programmed to privilege the component with highest variance in the
system, that is the first principal component. This is consistent to the objective of building the
postulated welfare index as long as consumer theory anticipates that the maximum variance
among households, subject to differences in the distribution of income, will be in the direction of
utility or well-being.

In the next subsection we describe the technical steps involved ini the algoriithm of
Qualitative Principal Components and then, we finish this section with a discussion of the main
results of SISBEN for the urban and rural aress.

3.1 Qualitative Principal Components: PRINQUAL and AL S-0S*

% |n this subsection we descibe the Algorithm of construction along the lines presented in Castano and
Moreno (1994).
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The PRINQUAL procedure uses an algorithm based on Alternating Least Squares (ALS) and
Optimal Scaling (OS) to obtain non linear transformations of a set of qualitative variablesin order
to maximize the fit of the data to a model of linear principal components. The principle of OS
considers each observation as a category and represents each category by a parameter of the data.

The ALSOS principle divides the set of parameters into two mutually exclusive and
exhaustive subsets: the first one consists of the parameters of the model -weights- and the second
contains the parameters of the data, which are called optimal scaling parameters. In turn, each
subset can contain several mutually exclusive and exhaustive subsets. The optimization processes
is performed by finding the least square estimations of the parameters in one subset, fixing the
parametersin the others.

These estimations are called conditional least squares estimations, because its least square
nature is conditional on the parameter’s values of the others subsets. When the conditional |east
squares estimations are obtained, the old estimators are replaced by the new estimations. Then,
the processes continues for the next subset and their conditional least square estimations are
calculated. Alternating, the procedure continues one time on the model’s parameters, another on
the data' s parameters, until convergence is obtained.®

Principal Components
The Principal Components are new variables which are generated as linear combinations
(weighted sums) of the original variables. The weights are functions of the covariance structure of
the variables, and have finite variance. Specifically, for each set of weights, its sum of squaresis
congtrained to be one. The first principal component is the original variables weighted sum that
has the largest variance. The second principal component is a weighted sum of the original
variables that has the second largest variance and that is uncorrelated with the first one. The next

component is unrelated to the former and its variance is less or equal to the variance of the

3 See Exhibit A.1 in the Appendix below.
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former components. The sum of the variances of the original variables -called total variation- is
equal to the variance sum of the principal components.

The Principal Components model for media centered data is:

Xij = fiawyy + fiowy + ... + fiwg + 65 (1)
fori=1,2,..., nyj=12....m, where n is number of observations and m is the number of variables,
X;; is the i-th individual value on j-th variable, wy; is the weight of the j-th variable on the k-th
component (k=1,2,...,c), where the number of componentsisc.

The first principal component variable can be used in place of the full set of original
variables. It provides a more parsmonius representation of the data, and explains the largest
amount of total variation of the system.

There are nxm equations like (1), one for each observation. A brief notational
simplification can be done by use of matrices. In this case, we can represent (1) by

X=FW' +E
where X isanxm data centered matrix. We suppose that the variables (columns) have the same
unit of measurement. In the Principal Component Analysis there are the same number of
variables as principal components. W is the matrix of cxm weights and E is the matrix of nxm
errors. When cis equal to m (there are as many components as variables), the matrix E isa null
matrix. . Fisanxc matrix containing the values for the n subjects on the ¢ principal components.
If the variables are measured in different units, the analysis will be dominated by the variables
with larger variance. In that case, the variables are standardized. Equivalently, the correlation
structure of the X matrix can be used in place of the covariance structure

Note that principal components are optimal in the following sense: In atruncated modd —
e.g. with only the first principal component, as in the SISBEN case- the total variance of the
component is maximal given the redrictions. That is, there is no other component that
accumulates a higher proportion of the total variance of the original variables. In the case of

SISBEN the value of ¢ was restricted to one and the model had only one principal component.
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The variability captured by the first principal component represented 49% of the total variance,
in both the rural and urban models.®

Qualitative Principal Components
The PRINQUAL procedure (Qualitative Principal Components) extends the ordinary Principal
Component Analysis to a more general context where we can use both qualitative and
guantitative variables. These analysis uses non-linear transformations of the qualitative variables,
preserving the variable measuring level. Ordinal variables are transformed in monotonic way. For
nomina variables, the transformation the pertinence of the category of each observation. The
procedure is based on Kruskal and Shepard (1974), Young, Takane and de Leeuw (1978) and
Winsberg and Ramsey (1983). As we mentioned above, PRINQUAL uses nonlinear
transformations of the qualitatives variables to maximize thefit of the data to the model of Linear
Principal Components.

The Maximum Total Variance—MTV- Method
Based on Young, Takane y de Leeuw (1978), the Principal Component Model and attempts to
maximize the sum of the first ¢ eigen values of the covariance matrix. This method transforms
variables to be (in a least squares sense) as smilar to linear combinations of ¢ principal
component score variables as possible, where ¢ can be much smaller than the number of
variables. This maximizes the total variance of the first ¢ principal components. In the SISBEN
congtruction ¢ was constrained to one, i.e. the first principal component. On each iteration, the
MTV agorithm alternates classical Principal Component Analysis (Hotelling, 1933) with
Optimal Scaling (Young, 1981). *°

Optimal Scaling in PRINQUAL
PRINQUAL uses the OPSCAL PROC MATRIX function (SAS Institute, 1983) to do the optimal

scaling. The OPSCAL function allows for optimally scaling nomina variables using Fisher's

% Castano and Moreno (1995), p.42, 74.
% Kuhfeld, Sarley Young (1985) present a description of the method.
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(1938) optimal scoring transformations method. Ordinal variables are rescaled using Kruskal and
Shepard (1974) least squares monotonic transformation. Interval variables can be rescaled using
splines transformations (de Boor, 1978) or using non optimal transformations like powers
transformations.

Stability and Convergence
The algorithm for the SISBEN derivation was satisfactorily tested for convergence under
different initializations of the variables.

After performing Optimal Scaling the set of variables remains multidimensional.
Therefore Oblique Factor Analysis was performed in order to find if variables were associated in
groups and if this groups could be ranked in terms of their contribution to total variance. Detailed
explanation about this procedureis given in the Appendix below.

3.2 Results: adequate order of categories, changing importance of groups of variablesin
rural versus urban areas and relevant infor mation about the poor.

The signs, values and order that the algorithm assigns to the different categories of all variables
are consistent with economic intuition on consumption and poverty. Tables 5A and 5B show the
Optimal Scaling of the categories of variables included in the urban and rural SISBEN Index. In
the urban area, the average schooling of oldest wage earner between complete elementary and
some middle school and was given 3.6 points. However, those points could increase up to 7.7 if
that same individual had graduate studies. Average schooling of households members older than
12 years was sSmilar and the reative scale between maximal and minimal category had a
comparable range. Employment, social risk coverage and plant size for the oldest wage earner
was given values in arelative scale of 1 to 5.5. Room Crowding went from a minimum value of
1.7 when the number of rooms per person where less than 0.2 to almost 5 when the number of
rooms per person was between 0.7 and 1.0. Current Income changes in a scale of 1 to 35 were

given SISBEN point incrementsin a scale of 1 to 10, and furthermore the functional relation had
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a spline concave form.*” In contrast with this result the proportion of employed family members
was in a smaller rdative scale of 1 to 3.6 but the spline relation appeared to be convex. For all
variables on housing characteristics and services, home appliances and employment category and
insurance the order of categories reflects economic rationality and does not contradict the
established opinion of sectorial experts.
<Table 5.A Optimal Scaling of SSBEN categoriesin each variable. Urban area. Colombia>
After convergence, the PRINQUAL process produced both the optimal scaling and the
weights of the variables on the first principal component.® Finally the points used for the
calculation of the SISBEN score are the result of multiplying the scaling of each variable's
category by the corresponding weight of the variable. That result plus the typification of those
values -to add up from 0 as a minimum to 100 as a maximum- are the scoresinitially presented in
Tables 1.A and 1.B. Asagroup human capital and employment category counted for nearly 30%
of total potential differences in SISBEN score points. Income per capita alone accounted for
amost 14% of potential differences and together with the other three variables in its group
accounted for almost 30%. Largest ranges are for income and education differences followed by
bedroom crowding —8.4 points-, followed by a group of five variables with a smilar range val ues:
wall and floor type, water supply system, sewage disposal and employment type, social security

and firm size for the oldest wage earner. Finally with smaller range values are —in descending

3" Diminishing marginal impact of current income on the SISBEN welfare index. One could be tempted to
interpret this result as diminishing marginal utility of income, however we should avoid it since this
model’saim isonly predictive.

% The result is identical to the one obtained by Factor Analysis after Optimal Scaling and then applying
first Principal Component within each group, followed by Principal Component for al four groups.
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URBAN AREA
VARIABLES CATEGORY DESCRIPTION Optimal scaling | Mean Times the lowest
category scale
HUMAN CAPITAL. SOCIAL SECURITY AND FIRM SIZE FACTOR
Schooling of oldest wage earner
No education 1.187 1.00
Some elementary 2.0371 1.72
Complete elementary 2.9897 3.57 2.52
Some secondary 3.8066 3.21
Complete secondary 5.0313 4.24
Some higher education 6.3086 5.31
Complete higher education 7.2314 6.09
Graduate studies 7.7207 6.50
Mean schoolina for people 12 vears old and older
0 1.26 1.00
4 2.1382 1.70
5 2.8472 3.62 2.26
10 3.8936 3.09
11 5.3086 4.21
15 6.2646 4.97
16 6.9258 5.50
More than 16 7.1641 5.69
Social Security and plant size
Without Social Security and works alone or doesn't work 1.0869 1.00
Without Social Security and works in a plant with 2 to 9 employees 1.9058 2.93 1.75
Without Social Security and works in a plant with 10 or more employees 2.9512 2.72
With Social Security and works alone or doesn’t work 3.8638 3.55
With Social Security and works in a plant with 2 to 9 employees 5.1904 4.78
With Social Security and works in a plant with 10 or more employees 5.9834 551
IDEMOGRAPHI|C, UNEMPLOYMENT. INCOME AND ROOM CROWDING
|Proportion of children below 6 vears old
Greater than 0.65 1.8042 1.00
From O to .65 1.9861 2.51 1.10
Cero 3.0044 1.67
Proportion of family members emploved
Less than 0.30 1.252 1.00
From 0.30 to 0.60 1.7908 1.94 1.43
From 0.60 to 0.90 2.347 1.87
Greater than 0.90 4.4727 3.57
|IRoom Crowdina (Number of rooms per person)
Less than 0.20 1.7537 1.00
0.20t0 0.30 2.1675 1.24
0.30 t0 0.40 2.979 1.70
0.40t0 0.70 3.6602 4.34 2.09
0.70 to 1.00 5.0059 2.85
1.00 to 4.00 6.2031 3.54
Greater than 4.00 7.9658 4.54
Per capita income in minimum wade units
Less than 0.15 1.196 1.00
From 0.15 to 0.25 1.822 1.52
From 0.25 to 0.35 2.8081 2.35
From 0.35 to 0.50 3.8076 4.99 3.18
From 0.50 to 0.75 5.1572 4.31
From 0.75 to 1.00 6.4268 5.37
From 1.00 to 1.25 7.2881 6.09
From 1.25 to 1.50 8.2012 6.86
From 1.50 to 2.00 8.7363 7.30
From 2.00 to 3.00 9.6152 8.04
From 3.00 to 4.00 10.8613 9.08
Greater than 4.00 11.3418 9.48
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HOUSING FACTOR

Wall Material

Without walls, bamboo or other organic materials 1.4536 1
Zinc, cloth, cardboard, cans 1.5986 1.10
Burda wood 2.6382 1.81
"Bahareque” 4.3018 2.96)
"Tapia pisada“or "adobe” 5.1377 5.61 3.53
Block, bricks, stone, prefabricated material, polished wood 5.9863 412
Predominating material for roofs
Wheat or palm 0.6656 1.00]
"Desechos” (cardboard, cans, "sacos", etc.) 2.0254 3.04
Zinc, asbestos, cement, WITHOUT "cielo raso" 3.1069| 3.55] 4.67
"Teja", "losa", zinc, asbestos, cement, with "cielo raso” 3.9595 5.95
Predominating floor materials
Grownd 0.9191 1.00
Burda wood, boards 2.4727 2.69]
Cement 2.897 3.17| 3.15]
"Baldosa, vinili, tablera o ladrillo" 4.0605 4.42]
Wall to wall carpet or tapestry, alabaster, polished wood 4.6064 5.01]
Home appliances
No basics 0.6547 1]
Up to three basics 2.1504 2.2447 3.28
Four basics without washer 2.8013 4.28
Up to three or four basics with washer 3.9478 6.03
SERVICES FACTOR
Water supply system
River or fountain 1.2078 1.00
Public supply 1.9734 1.63]
Well without water pump, container or rain water 2.9565 2.45
well with water pump 4.2461 3.52
Container truck 5.2793 5.6 4.37
Water pipe 5.9961 4.96
Sewage disposal
No sewage 1.157| 1.00
Latrine 2.5537 221
Toilet without conection to sewer or septic tank 3.0552 2.64
Toilet with conection to septic tank 3.4136 4.45 2.95
Toilet with conection to sewer 5.0479 4.36
Garbage disposal
Yard, lot, river, etc. 0.9752] 1.00
Local container or public trashcan 2.2881 2.59 2.35
Picked up by public services 2.9917| 3.07]

SOURCE: Velez y Moreno, 1994
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RURAL AREA
VARIABLES CATEGORY DESCRIPTION Optimal scaling Mean Times the lowest
category scale
HOUSING CHARACTERISTICS AND APPLIANCES FACTOR
Wall Material
Bamboo, canes or other organic materials 1.1165 1.00
Zinc, cloth, cardboard, cans 2.9033 2.60
"Bahareque", mud wall cast in woodforms, adobe 3.6587 3.28
Raw wood 3.0303 3.83 2.71
Block, brick, stone, prefabricated material, polished wood 5.0635 4.54
Predominating material for roofs
Straw or palm leaves 0.9072 1.00
"Desechos" (cardboard, cans, "sacos", etc.) 1.5959 3.039 1.76
Zinc, asbestos, cement, without plastered ceiling 3.1973 3.52
Clay tile, "losa", zinc, asbestos, cement, with plastered ceiling 3.8765 4.27
Predominating floor materials
Dirt 0.9491 1.00
Raw wood, boards 2.2944 2.248 2.42
Cement 2.9961 3.16
Floor tile (clay, vinilo), brick, paving tile 3.9385 4.15
Wall to wall carpet, marble, polished wood 4.0898 4.31
Home appliances
No basics 0.9634 1.652 1.00
Up to three basics 2.0688 2.15
Up to three or four basics with laundry machine 2.7383 2.84
HUMAN CAPITAL, SOCIAL SECURITY AND EMPLOYMENT TYPE FACTOR
Schooling of oldest wage earner
No education 1.7031 1.00
Some elementary 1.8445 2.358 1.08
Complete elementary 2.5825 1.52
Some secondary 3.8096 2.24
Complete secondary 4.6045 2.70
Some higher education 8.0938 4.75
Complete higher education 9.0293 5.30
Graduate studies 11.9863 7.04
Mean schooling for people 12 vears old and older
0 1.8396 1.00
4 2.0229 2.506 1.10
5 2.7251 1.48
10 3.686 2.00
11 5.4033 2.94
15 8.7715 4.77
16 8.8965 4.84
More than 16 11.9551 6.50
Social Security and plant size
Without Social Security and works alone or works in a plant with 2 to 9 employees 0.9856 1.418 1.00
Without Social Security and works in a plant with 10 or more employees 2.1992 2.23
With Social Security and works alone or doesn’t work 3.1973 3.24
With Social Security and works in a plant with 2 to 9 employees 4.0801 414
With Social Security and works in a plant with 10 or more employees 4.8213 4.89




PUBLIC UTILITY SERVICES FACTOR

Water supply system

River or fountain 3.4385 1.00
Public supply 2.7891 0.81
Well without water pump, container or rain water 3.1143 4.498 0.91
well with water pump 4.1416 1.20
Container truck 2.2251 0.65
Water pipe 6.1074 1.78
Sewage disposal
No sewage 1.0781 1.00
Latrine 1.9192 2.445 1.78
Toilet without conection to sewer or septic tank 2.8726 2.66
Toilet with conection to septic tank 3.5381 3.28
Toilet with conection to sewer 5.3506 4.96
Garbage disposal
Yard, lot, river, etc. 0.9982 1.214 1.00
Local container or public trashcan 2.1401 2.14
Picked up by public services 2.9805 2.99
IREMOGRAPHIC, UNEMPLOYMENT, INCOME AND ROOM CROWDING
Proportion of children below 6 vears old
greater than 0.65 1.7451 1.00
from 0 to .65 1.9819 2.459 1.14
cero 3.0073 1.72
Proportion of employed family members
less than 0.30 0.9905 1.976 1.00
from 0.30 to 0.60 2.0356 2.06
from 0.60 to 0.90 2.7959 2.82
greater than 0.90 4.0811 412
Number of rooms per person (Hacinamiento)
Less than 0.30 1.0564 1.00
0.30to0 0.60 1.9651 2.262 1.86
0.60to 1.00 2.9829 2.82
1.00 to 4.00 4.0371 3.82
greater than 4.00 6.0596 5.74
Per capita income in minimum wage units
less than 0.15 0.8722 1.00
from 0.15 to 0.25 2.0713 2.37
from 0.25 to 0.35 2.9893 3.26 3.43
from 0.35 to 0.50 4.085 4.68
from 0.50 to 0.75 5.1777 5.94
from 0.75 to 1.00 6.1982 7.11
from 1.00 to 1.25 6.7461 7.73
from 1.25 to 2.00 7.0264 8.06
from 2.00 to 3.00 9.2969 10.66
from 3.00 to 4.00 10.1563 11.64
greater than 4.00 10.9922 12.60

SOURCE: Velez y Moreno, 1994
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order- ceiling materials, household appliances, proportion of employed, garbage collection and
proportion of kids less than 6 years old.®

Are the variables sdlected for the SISBEN Index appropriate to distinguish the well-
being of the poor and the non poor? Previous studies on income distribution and poverty suggest
a positive answer. For Latin-American economies Psacharopolous et a (1997) identified Human
capital and employment category as the main determinant factors of labour income inequality
and poverty. In the Colombian case the World Bank’s Poverty Assessment (1995) reports similar
findings. Grosh and Baker (1995) in their comparative evaluation of alternative welfare indicators
for Jamaica found that the variables about housing characteristics —in dichotomous form- entered
early in a stepwise procedure and contributed to reduce the leakage in targeting —type Il error-. In
addition, they found family characteristics -including human capital endowment- to be extremely
powerful in reducing undercoverage or exclusion errors -type I-. In the case of SISBEN, the set of
variables on housing characteristics were included with rich categorical information and
performed well, both in the rural and urban sectors.

The results reveal some interesting comparisons between the urban and rural sectors.
First of al, the rural sector has an additional variable, namely, Time spent to collect water. As
explained in the previous subsection and the Appendix, Oblique Factor Analysis creates groups of
close variables and ranks those groups according to their power to explain the total variability of
the data. In fact, the groups generated by the algorithm are the same. However, the potential of
these groups of variables as welfare predictors differs significantly in both areas. In the urban area
four groups were clearly® distinguished and in order of importance they are (i) human capital and
social security and employment; followed by (ii) Current Income, Crowding, proportion

employed and minors in the house, (iii) House building materials and household appliances (iv)

% The reader should not conclude that the variables with larger score ranges have necessarilly a greater
contribution to the total varaibility of the data o the first principal component. This property is better
established with the results of Factor analysis, below.
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the quality of public utility services.® By contrast in the rural area Housing characteristics
increases its importance and reaches the first level, while human capital et a descend to second
place. At the same time the group of income per capita et al, go from the second to the fourth
place and services to the dwellings moves from fourth to third level. These results are consistent
with the observation of rural analysts that income is subject to more instability and seasonal
factors that may introduce some noise and reduce the power of current income to differentiate
welfare levels.

As a proxy means test index, SISBEN belongs to the class of indexes smilar to the OLS
estimated for Jamaica. In their congruction algorithm they clearly differ from the welfare
indicators designed explicitly and ex-ante to maximize poverty reduction.”” Grosh and Baker’s
(1995) comparative tests of Proxy Means Index vis a vis the other type agorithms are
encouraging, because the former indicator, complemented with a suitable cut-off point for
eigibility like the SISBEN case, performs almost identically both in terms of undercoverage and

|eaks.

4. Conclusions
We have shown that the proxy means test SISBEN has expanded at a fast rate and is used in a
variety of social programs in many municipalities in Colombia. The main factors behind this
decentralized success story seem to be the low marginal screening cost for the subnational
authorities and the certain benefits that nationally financed social programs could bring to local
communities.

The algorithm used -Alternating Least Squares and Optimal Scaling- to derive the

weights and the scaling of the variables included in SISBEN is consistent with the challenge of

“0 Notice that in Table A.1A the Factor analysis matrix values that are not in bold are relatively closer to
zero.

“! Finally notice how close —coefficient 0.2727- is Room Crowding to the third factor that corresponds to
house characteristics.
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building a welfarist index of an unobservable variable by using a significant set of categorical
data about consumption of durables. The results showed that from the total variability in the
sample data the SISBEN index is able to explain islittle bit less than 50%.

SISBEN incorporated valuable qualitative data on building characteristics of the
dwellings and their corresponding availability of public utilities services. Results show that it is
necessary to distinguish many quality levels within those variables and that their metric could
account for nearly 40% of the total number of pointsin the SISBEN score.

Although SISBEN produces similar sets of “close” variables in the urban and rural
sectors, the grouping is much cleaner or shows less noise in the urban than in the rural areas. In
addition, the potential of these groups of variables as welfare predictors differs significantly in
both areas. While in the urban sector human capital, employment type, status and characteristics
and current income are of primary importance, in the rural aress these signals are noisier than
housing characterigtics. More telling is that in the rural areas the group that includes employment
status and current income drops from second place to fourth in importance to explain the total
variability of the data.

Although income was included in theinitial set of variables of SISBEN to obey ardative
concensus among Colombian poverty experts in 1993, considering the strong incentives of
households to missrepresent income in order to obtain favorable rankings suggest that this
variable could be removed if a new welfare index was to be constructed. In this case the use of
categorical information would not necessarily require the Optima Scaling algorithm. Income
could represent welfare —avoiding assumptions about a parametric utility function- and the most
convenient method build a welfare index would be to construct a discriminant function in order to
quantify all the variables that enter in categorical form.

If we accept the adequacy of these Optimal Scaling procedures to incorporate relevant
categorical data to predict welfare levels, the next logical step should be to exploit the wealth of
categorical census data in Latin-America to improve the quality and level of detail of information
used for regional targeting. For example, in the same case of Colombia some transfers from the

national to the subnational level are based on regional welfare indicators. The impossihility of

“2 Ravallion and Chao(1989).
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obtaining reliable income information at a desegregated subnational level forces the authorities to
use indicators like the NBI, obtained from census data on households. However, based on the
same census data set, a better predictor of welfare can be derived using the Optimal Scaling
algorithm and, as a consequence, larger equity gains could be obtained from a given amount of
compensatory cross-regional transfers. At the moment the Department of National Planning in
Colombia has derived an indicator of this type that could eventually replace the NBI Index in the
formulas to cal culate the intergovernmental resource transfers.®

In this paper we have evaluated some significant aspects of the SISBEN system, however
we have not studied all important areas. It seems necessary that SISBEN be evaluated ex-post in
terms of targeting efficiency. Furthermore, at the moment, we have not yet measured the gains
associated with the procedure of Qualitative Principal Components. Therefore, (i) some
simulations should be performed to measure the losses of the principal component model when
the qualitative information deteriorates collapsing in two categories. Additionaly, the poverty
predictive capacity of SISBEN should be explicitly compared for the Colombian data with

indexes derived from other algorithms, like the OLS proxy means test Indexes and others.™

3 See Sarmiento, et a (1996, 1997) and Castano (1995). This type of indicators could aso be used for
geographical targeting within municipalities.
* Similar to the tests by Grosh and Baker (1994) for the Jamaican case.
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Appendix

Exhibit A1. ALTERNATING LEAST SQUARESAND OPTIMAL SCALING

START

OPTIMAL SCALING MODEL ESTIMATION
1.Conditional 1.Conditional

Least Squares Least Squares

of the Optimal ==> of the Modd

Scaling parameters. €= Parameters.
2. Replacethe old 2.Replacesthe old

optimal scaling parameters with

with the new. the new parameters.

STOP

Oblique Factor Analysis

Once the quantification of the categories has been done by the PRINQUAL procedure, we use the
Factor Analysis technique to identify subgroups of variables that are nearer, and at the same
time, to find if correlation exists between the subgroups. The method used is called Oblique
Factor Analysis and the factor rotation used is the Promax Rotation.

Next, using the Principal Component Analysis over each subgroup identified by the
Factor Analysis, we obtained its first principal component for each group. Subsequently, using
each of subgroups poverty indicators, we built  the global wefare indicator as the first
component of them.

Finally, we obtain an indicator with values in the range O to 100, by changing the origin
and the scale of the original indicator.
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Specifically, let Xy , k=1,2,...,m, to be the k-th discriminant variable, and TXy the transformation
of Xy using the PRINQUAL technique. Exhibit 1 summarizes the procedure:

Table A.1A shows the results of applying the Factor procedure on the variables quantified in
urban areas. The procedure identifies four groups of near variables in the urban sector. The first
factor involves education and social security variables; Demographics and income variables
remain in the second factor; the third factor consists of housing and equipment variables; and the
last factor are conformed by the housing services variables.

Table A1.B shows the result for the application of the Factor procedure to the variables quantified
in the Rural sector. We find four groups of variables. The first one consist of housing and
equipment variables, second group contain human capital and social security; third group is
conformed by housing services and the last group involves demographics and income variables.



Variable code list

ESMXMAYA Schooling of oldest wage earner

ESP12YMA Mean schooling for people 12 years old and older
SEGURO Social Security and plant size

PROP6 Proportion of children below 6 years old
PROPOCUP Proportion of family members employed
HACICUAR Room crowding (Number of rooms per person)
INGPERC Per capita income in minimum wage units
MATPAR Wall Material

MATTECH Predominating material for roofs

MATPIS Predominating floor materials

EQUIPA Home appliances

ABAGUA Water supply system

TIEMAGU Time spent in getting water

EXCRET Sewage disposal

RECOBA Garbage disposal




Table Al.a. Factor Structure SISBEN Urban. Factor Analysis.
Rotation Method: Promax

Variable Factor 1 Factor 2 Factor 3 Factor 4
1|ESMXMAYA 0.90836 -0.03175 -0.4792 -0.00773
2|ESP12YMA 0.88053 -0.01386 0.01269 -0.00341
3]SEGURO 0.87049 -0.07371 -0.05914 0.09877
4|PROP6 -0.25828 0.79564 0.06812 -0.03747
5|PROPOCUP 0.03787 0.78125 -0.2825 0.03544
6|HACICUAR 0.09804 0.62166 0.27275 -0.05088
7|INGPERC 0.48271 0.52543 0.05714 0.01918
8|MATPAR -0.09836 -0.05693 0.69726 0.11222
9|MATTECH -0.12761 0.01911 0.69601 0.0352

10|MATPIS 0.13294 0.0842 0.62003 0.11964
11|EQUIPA 0.33095 -0.11653 0.55854 -0.19687
12| ABAGUA -0.033 -0.05032 -0.073 0.81253
13|EXCRET 0.02261 0.0224 0.16428 0.75977
14]RECOBA 0.08302 0.00346 0.04283 0.73218

Source: Castafio y Moreno (1995).
Table Al.b. Factor Structure, SISBEN Rural
Rotation Method: Promax
Variable Factor 1 Factor 2 Factor 3 Factor 4

1|MATTECH 0.75109 0.11833 0.31109 0.14576
2|MATPAR 0.79025 0.31929 0.31182 0.11061
3|MATPIS 0.80067 0.37131 0.42947 0.21265
4|EQUIPA 0.64206 0.44566 0.34483 0.0935
5|ESMXMAYA 0.25272 0.88245 0.2191 0.11367
6|ESP12YMA 0.31706 0.88886 0.25764 0.13537
7|SEGURO 0.34258 0.58543 0.24456 0.06216
8|ABAGUA 0.36576 0.21634 0.90109 0.06815

9| TIEMAGU 0.38883 0.19393 0.8807 0.10681
10|EXCRET 0.58471 0.47239 0.70668 0.17092
11|RECOBA 0.28164 0.43371 0.54987 0.0717
12|PROPOCUP 0.02521 0.0017 -0.0039 0.82308
13|PROP6 0.0167 -0.0278 0.04722 0.74527
14|HACICUAR 0.32544 0.23509 0.14693 0.74289
15]INGPERC 0.39136 0.47228 0.23786 0.6632

Source: Castafio y Moreno (1995).




Table A2.a Summary of weights. Urban
Weight of the Variables with respect to the Factors

and the Factors with respect to the Model (Firsr principal component)
Factor Variable code Variable Weight |Factor Weight |Variable total
weight
Housing EQUIPA 0.5961 0.7974 0.4753
MATPAR 0.7095 0.5658
MATPIS 0.7774 0.6199
MATTECH 0.6437 0.5133
Services EXCRET 0.8573 0.6792 0.5823
ABAGUA 0.7400 0.5026
RECOBA 0.7920 0.5379
Human Capital and ESP12YMA 0.8993 0.6959 0.6258
Social Security ESMXMAYA 0.9105 0.6336
SEGURO 0.6786 0.4723
Demographic, Income PROP6 0.6792 0.6006 0.4079
and Ocupation PROPOCUP 0.6884 0.4135
HACICUAR 0.7452 0.4476
INGPERC 0.7478 0.4491

Source: Castafio y Moreno (1995).

and the Factor

Table A2b. SISBEN Rural .
Weight of the Variables with respect to the Factors

s with respect to the Model (First principal component

Factor Variable code Variable weight  |Factor weight Variable total
weight
Housing EQUIPA 0.6775 0.8094 0.5483
MATPAR 0.7963 0.6445
MATPIS 0.8129 0.6579
MATTECH 0.7293 0.5903
Services EXCRET 0.7871 0.7816 0.6152
ABAGUA 0.8580 0.6706
TIMEAGU 0.8335 0.6515
RECOBA 0.6207 0.4851
Human Capital and ESP12YMA 0.9112 0.7035 0.6410
Social Security ESMXMAYA 0.9135 0.6426
SEGURO 0.6028 0.4241
Demographic, Income |PROP6 0.7126 0.4646 0.3310
and Ocupation PROPOCUP 0.7999 0.3716
HACICUAR 0.7625 0.3542
INGPERC 0.7148 0.3321

Source: Castafio y Moreno (1995).




Exhibit 2. METODOLOGY OF BUILDING THE SISBEN INDEX

INPUT PROCEDURE OUTPUT
1 X k=1,....m Use PRINQUAL on TXk k=1,...m
the full set of variables quantification

2. TXk, k=1,...m

4. TXy,.TXnij,
i,j=12,...p

5. CP1,,...,CPL,

6. CP1;

Use FACTOR on

transformed variables

Principal Component
Analysis on variables of

each subgroup

Principal Component
Analysisfor the

indicators of each
subgroup

Change of origin and scale

p subgroups of near

variables

First Principal
Component CP1j
=1.2,..p

First Principal
Component or Global
Wefare Indicator,

CP1g
SISBEN
Typified Global Welfare
Indicator







