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ALTERNATIVES FO R PRO JECTING  M D G  IND ICATO RS * 

Rafael Guerreiro Osorio** 

 

1  INTRO D U CTIO N 

A lthough the M illennium  D evelopm ent Goals are global, in the sense that they are to be 

reached by the w hole w orld,1 not necessarily by countries individually, in m any countries  

the true com m itm ent to them  has led m any to ask the question: w ill m y country reach all or 

som e of the M D Gs by 2015? A re w e on or off track? If off track, how  far are w e? To answ er this 

question it is m andatory to perform  som e kind of projecting exercise. W e talk of projections, 

not of forecasts,2 for there are m any variables that can intervene to determ ine the perform ance 

of a country in its pursuit of the goals. Furtherm ore w e have to deal w ith the fact that w e 

cannot really predict w hat is going to happen up to 2015, but just m ake assum ptions. 

How ever, projections can indeed be so accurate as to resem ble forecasts. This is the case 

w hen there is plenty of data available, as w ell as technical expertise in projecting, and tim e. 

U nfortunately, this is seldom  the case, particularly in developing countries. The com m on 

situation faced by those w ho ask the question on w hether the M D Gs w ill be reached by a 

certain country by 2015 is that of scarcity of data and/or of technical skills. 

In this paper w e discuss sim ple projection techniques to be used in these contexts  

of scarcity of data and/or of technical skills. These projections can be done using standard 

spreadsheet softw are and already calculated M DG indicators that are m ade available, for 

instance, by international organizations. In order to do so, w e first review  the basic steps  

of any projecting exercise. Then w e evaluate and com pare the alternatives w e have for 

projections w hen only aggregated national indicators for a few  points in tim e are available.  

In the last section, w e deal w ith the problem  of projecting indicators broke-dow n by groups, 

such as those defined by, am ong others, gender, race/ethnicity or incom e brackets. To address 

this problem , w e developed a projection technique based on Kakw ani’s achievem ent function 

(Kakw ani, 1993) that can be easily im plem ented in any spreadsheet, and give som e exam ples 

of its applications. W e end the paper offering som e concluding rem arks on the alternatives for 

projecting the M D G indicators discussed and developed throughout the paper.3 

2  TH E BASICS O F PRO JECTIO NS 

Generally speaking, projecting involves tw o steps. The first one is to gather know ledge of w hat 

happened from  past to present. The second one is to m ake assum ptions of w hat w ill happen 

from  present to future. Second step is usually accom plished under the lights shed by the 

inform ation w e got on the first step. 

                                                 
*  The author w ould like to thank Sergei Soares from  IPEA , and M arcelo M edeiros, Eduardo Zepeda and D egol Hailu  
from  IPC, for com m ents and suggestions. 

**  International Poverty Centre. 
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Let the com m on exercise of projecting population size be an exam ple. The proxim ate 

determ inants of future population are: the current size; the num ber of people entering the 

population, given by births and im m igration; and the num ber of people exiting the 

population, given by em igration and deaths. Population size is then related to fertility, 

m igration and deaths. If w e had a com plete and perfect set of past data to put under scrutiny, 

w e could develop a m odel to explain how  fertility, m igration, and deaths altogether influenced 

the population dynam ics in a given period. Then, the grow th pattern represented by the 

m odel could be deployed to project the future population size. 

The obvious problem  is that the m odel, no m atter how  good it depicts the driving forces 

of past population grow th, m ight not be able to account for future changes, and that can 

render its predictions untrue. The farther aw ay in tim e is our projection, the higher is the 

likelihood that it is flaw ed. That is w hy the m ore precise m odels of population grow th, instead 

of assum ing that the trends of fertility, m igration, and deaths w ill keep unchanged, substitute 

past rates by hypothetical rates that represent the expectations that current know ledge leads 

us to bear upon the future behavior of these factors. 

How ever, as any dem ographer w ould agree, projecting population size is not that easy 

(Haub, 1987). Seldom  is a perfect and com plete set of past data available. One should add to 

the ever present data problem s the fact that the expectations about the future behavior of 

fertility, m igration and deaths, that seem ed reasonable w hen the projection w as m ade, m ight 

be overcom e by unpredictable factors, like natural catastrophes, w ars, epidem ics, just to nam e 

a few  extrem e ones. Lack of good data and unpredictable behavioral changes or events are 

alw ays the biggest obstacles to be surpassed. 

In the case of the M DG indicators, the only inform ation available frequently is the indicator 

itself for a few  points in tim e. But w hen w e think of the M DGs, additional difficulties arise 

because m any of the indicators regard realm s of the social life that are so com plex, such as 

gender, that it w ould be hard to develop a m odel of their behavior even if w e had plenty of data. 

3  ALTERNATIVES FO R PRO JECTING  AG G REG ATED   
NATIO NAL IND ICATO RS 

To project the M D G indicators w e have to deal w ith the problem s of the lack of data and  

of the com plexity of the underlying social processes. Explicitly or im plicitly the strategy to 

accom plish this difficult task has been laid over the assum ption that in the relatively short 

period up to 2015 the perform ance of the countries w ill be the sam e as in the relatively short 

period before the present. This can be seen as the m ain reason w hy m ost of the reports that try 

to answ er w hether the M D Gs w ill be achieved by 2015 rely in sim ple linear projections of the 

indicators, no m atter how  rich they can be bringing forth additional data and detailed 

inform ation on policies. Let’s evaluate w hether this is a good strategy. 

W e w ill take as an exam ple the net attendance ratio in prim ary education, the m ain 

indicator to m onitor the progress tow ards the third target of the second M D G—ensure that,  

by 2015, children everyw here, boys and girls alike, w ill be able to com plete a full course of 

prim ary schooling. W e can turn to a trustable source of national M D Gs indicators such as the 

Equity and Social Indicators—EQ xIS—from  the Inter-Am erican D evelopm ent Bank to get the 



Rafael Guerreiro Osório 3 
 

net attendance ratio,4 say, for El Salvador and N icaragua. Brow sing through EQ xIS w e find out 

that this indicator is available for three points in tim e for N icaragua, and for five points in the 

case of El Salvador. For the sake of this initial exam ple, w e w ill consider just the first three 

points available for El Salvador. 

CHART 1 

Net Attendance Ratio in Prim ary Education—O bserved Points and Linear Trends.  

El salvador and Nicaragua 
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Source: Inter-Am erican D evelopm ent Bank, Equity and Social Indicators—EQ xIS (w w w .iadb.or/xindicators). 

 

To m ake Chart 1 above w e just copied the data from  the EQ xIS w ebsite and pasted to 

standard spreadsheet softw are. M ost of these applications have som e w ay of plotting a trend 

curve for a series of charted data points. In Chart 1, w e “ordered” a linear trend W hen w e did 

so, the softw are considered the indicator (y axis) as a dependent variable, and the years (x axis) 

as an independent variable, and regressed one on the other using the ordinary least squares 

m ethod to find out the slope and the intercept of the line that is closer to all three points, and 

then draw  it. The benefit of asking the spreadsheet softw are to do the job for us is that w e do 

not need to know  all the m athem atics required to fit the line. 

Technicalities aside, Chart 1 helps us to understand som e of the problem s of using a linear 

trend for projecting an indicator. If w e w ere to believe in the projections presented on Chart 1, 

w e w ould com e to the conclusion that both El Salvador and N icaragua w ould be very close to 

reaching a net attendance ratio of a 100%  by 2015. And by 2012, N icaragua, w hich had low er 

levels of net attendance, w ould outperform  El Salvador, w hich departed from  higher levels. 

The question now  is w hether these conclusions are realistic. The straightforw ard answ er 

com es from  Chart 2: no, they are not. 
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CHART 2 

Net Attendance Ratio in Prim ary Education—O bserved Points and Linear Trends.  

El Salvador, Nicaragua, Panam a and Brazil 
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Source: Inter-Am erican D evelopm ent Bank, Equity and Social Indicators—EQ xIS (w w w .iadb.or/xindicators). 

 

For El Salvador, w e plotted the tw o additional points, 2003 and 2004, w hich w e 

intentionally set aside from  Chart 1. W e can see that although 2003 seem s to be right on the 

trend line, 2004 is a little below  it. Indeed, the net attendance ratio of 2004 is slightly sm aller 

than that of 2003, a difference that can be attributed to sam pling errors (this can be verified 

by accessing the statistics of significance that are m ade available by EQ xIS). How ever,  

if w e pay attention to the sequences that represent the evolution of the net attendance 

ratios in Panam a, w hich has one of the highest rates am ong the Latin Am erican countries,  

w e can see that after a certain level of attendance is reached, further im provem ents becom e 

harder to achieve. The sam e happens for the Brazilian series w e added to Chart 2, although 

at a low er level. 

In the real w orld, hardly any policy, no m atter how  good, w ill cover everyone that is 

entitled to benefit from  it. The case of prim ary education is a fair illustration of this problem . 

Our indicator, the net attendance ratio, is the share of the population of a given age 

bracket—that varies from  country to country, but it is usually from  6 to 11 years-old—that 

w ere attending prim ary school. But not even in a perfect educational system  all children of 

the specified age w ill be attending prim ary education. For instance, som e of them  m ight 

have entered prim ary education one year earlier and reached its com pletion m oving to 

secondary education at an age in w hich m ost of the others are still in prim ary. Supposing 

those pupils represent 5%  of the population targeted for prim ary education, a net 

attendance of 95%  w ould be outstanding (the gross attendance for that age-bracket w ould 

be a 100% ). Som e countries m ight as w ell allow  hom e schooling, and if this is the case, the 

net attendance w ill not ever reach a 100% . A lso, part of the children m ight have severe 

disabilities that prevent them  from  attending school. And so, a net attendance rate  
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of less than a 100%  is not necessarily som ething to be w orried about, once w e know  the 

circum stances that place it at a low er level. 

How ever, m ost likely the problem  of surpassing a certain level of net attendance w ill be 

related to the w ell know n fact that all policies, particularly those w hich are intended to  

be universalized, face a com m on challenge: it is easy to increase the coverage w hen you 

depart from  very low  levels, but there’s a point from  w hich further im provem ents require  

great investm ents and lots of effort. Follow ing our exam ple, som e children that are not 

attending m ight be out of school because they live in distant areas, w here there are neither 

schools nor teachers—it m ight be the case that there are no roads to get there, and so they 

could not even be transported to a “nearer” school. 

Often the expansion of a social program  begins by, not surprisingly, reaching the easy to 

reach—then the grow th pace of its coverage w ill be progressively reduced. Higher efforts w ill 

be needed to sustain grow th as the coverage level increases. Therefore, our projections m ust 

take this into account. And, definitely, linear trends don’t account for that, because they carry 

on the im plicit assum ption that further im provem ents w ill be achieved as easily as past 

im provem ents w ere.  

W hen dealing w ith “positive” indicators, that is, those for w hich the m ore the better,  

such as the net attendance ratio in prim ary education that w e took as an exam ple, concave 

functional form s w ould account for the idea that the higher the level, the harder w ill be to 

reach further im provem ents. U nfortunately this leaves us w ith only one straightforw ard option 

if w e still w ant to use the trend curves that m ost spreadsheet applications are able to fit to the 

data points of a series in a chart. This option is show n on Chart 3, in w hich w e reproduced 

Chart 1, this tim e fitting logarithm ic trend curves to our data. 

CHART 3 

Net Attendance Ratio in Prim ary Education—O bserved Points and Logarithm ic Trends. 
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Source: Inter-Am erican D evelopm ent Bank, Equity and Social Indicators—EQ xIS (w w w .iadb.or/xindicators). 
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W hat w ent w rong? D id w e “order” a logarithm ic trend and got a linear trend? N ot really. 

The problem  w ith Chart 3 is the m agnitude of the values in the x-axis, the years, w hich the 

spreadsheet application treated as an independent variable to fit the trend curve. The 

logarithm ic function is a concave curve, but as the difference betw een the differences of the 

logarithm s of the years is very sm all at this m agnitude, w e get alm ost the sam e result w e got 

w ith the linear trend. W e w ill get back to this point and clarify it in the next section. By now , 

all w e need to know  is that in order to correct this problem , w e have to substitute the actual 

years by their position in our series, so that 1989 becom es year 1, 1990 year 2, and so forth. 

By doing that, the difference betw een the logarithm s of each “year” varies enough and 

becom es significantly sm aller as w e approach the end of the series. The result of this change 

can be seen on Chart 4.5 

CHART 4 

Net Attendance Ratio in Prim ary Education—O bserved Points and Logarithm ic Trends  

(Years’ Position as Independent Variable). El Salvador and Nicaragua 
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Source: Inter-Am erican D evelopm ent Bank, Equity and Social Indicators—EQ xIS (w w w .iadb.or/xindicators). 

 

N ow  w e got a m ore realistic projection that incorporates the idea that once higher levels 

of net attendance in prim ary education are reached, further im provem ents becom e harder. 

Before w e m ove on, how ever, it is w orthy of m ention that although the logarithm ic trend w as 

our straightforw ard option, for w e knew  in advance that this is a concave function, there w as in 

fact another option. For an independent variable in the sam e range of values, {1, 2, 3, 4… }, and 

a positive indicator expressed as percentage, the pow er function behaves sim ilarly to the 

logarithm ic function. This can be seen on Chart 5.  
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CHART 5 

Net Attendance Ratio in Prim ary Education—O bserved Points and Pow er Trends.  
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Source: Inter-Am erican D evelopm ent Bank, Equity and Social Indicators—EQ xIS (w w w .iadb.or/xindicators). 

 

At last, on Chart 6, w e see the national net attendance ratios of som e selected Latin 

Am erican Countries, and the linear and the logarithm ic trend curves that project the evolution 

of the indicator up to 2020. Looking at the differences betw een linear and logarithm ic trends, 

w e can distinguish three groups of countries. The first group, com prised of Bolivia, Ecuador 

and Colom bia, show s a stable net attendance ratio, and this m akes the linear and the 

logarithm ic trends alm ost undistinguishable. Our second group is com prised of Costa Rica and 

Panam a. In these tw o countries the net attendance ratio increased a little, but it w as already at 

a very high level, above 90% . For them , the logarithm ic trend yields slightly m ore conservative 

results than the linear one, w hich in our view  are m ore reasonable under the lights of the 

axiom  of the increasing difficulties to im prove an indicator as higher levels are attained. Our 

last group includes the D om inican Republic, Guatem ala and Honduras. These are countries 

w hich experienced substantive im provem ents in the net attendance ratio level. For these, the 

linear trends are very optim istic, differing significantly from  the logarithm ic trends w hich are 

far m ore conservative.  
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CHART 6 

Net Attendance Ratio in Prim ary Education—O bserved Points, Linear and Logarithm ic Trends. 

Selected Latin Am erican Countries 
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Source: Inter-Am erican D evelopm ent Bank, Equity and Social Indicators—EQ xIS (w w w .iadb.or/xindicators). 
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4  PRO JECTING  D ISAG G REG ATED  IND ICATO RS 

On the previous section w e got fairly good results using a logarithm ic instead of a linear trend 

to project the net attendance ratio. In m ost of the cases, the projections obtained w ere in 

accordance w ith the com m on sense assum ption that it is harder to raise even m ore the level of 

an indicator w hen it is already high than to raise it w hen it is low . The logarithm ic trends w ere 

alw ays m ore conservative than the linear trends, even for those countries w here the indicator 

w as stable, and the trends w ere alm ost undistinguishable. The question now  is w hether this 

sim ple technique w ill also prove itself good to project a disaggregated indicator. In Chart 7, w e 

used logarithm ic trend curves to project the net attendance ratio of N icaragua disaggregated by 

incom e quintiles—w e chose to plot just the bottom  20%  (the poorer population group) and the 

top 20%  (the richer). Just for com parison, w e added the national figures to Chart 7 as w ell. 

CHART 7 

Net Attendance Ratio in Prim ary Education, National, Bottom  and top Q uintiles—O bserved 

Points and Logarithm ic Trends. Nicaragua 
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Source: Inter-Am erican D evelopm ent Bank, Equity and Social Indicators—EQ xIS (w w w .iadb.or/xindicators). 

 

The result of the projecting exercise depicted in Chart 7 is good in the sense that it  

does not contradict our intuitive feelings about inequality. In other w ords, for the period 

represented, 1989-2020, the net attendance ratio of the richer group lies above the national 

one, w hich in turn lies above that of the poorer group. 

How ever this w ill not hold for every situation. As w e can see from  Chart 8, if w e do the 

sam e using data for Guatem ala, even w ith a logarithm ic trend curve the net attendance ratio 

of the bottom  20%  w ould soon surpass the national average, and by 2015 they w ould be even 

better off than the top 20% ! Soon after 2020 the indicator of the poorer w ould be w ay above a 

100% . It is needless to insist that such a projection is not realistic at all, and that w e should 

pursue a better alternative. 
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CHART 8 

Net Attendance Ratio in Prim ary Education, National, Bottom  and top Q uintiles—O bserved 

Points and Logarithm ic Trends. G uatem ala 
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Source: Inter-Am erican D evelopm ent Bank, Equity and Social Indicators—EQ xIS (w w w .iadb.or/xindicators). 

 

U p to this point w e have been avoiding getting into the m athem atics behind the trend 

curves—because the spreadsheet is able to do that for us. U nfortunately, to better understand 

the problem  that puzzles us w e need to briefly exam ine the functional form s w e have been 

dealing w ith to find out w here the catch is. Form ulas 1 to 3 below  are, respectively, for the 

linear, the logarithm ic, and the pow er trends. 
 

f(x) =  ax + b [1] 

 

f(x) =  aln(x) + b [2] 

 

f(x) =  bxa [3] 

 

W here f(x) stands for the predicted value of the indicator (the net attendance ratio in  

our exam ple); x is our independent variable, the year (its position in the series for [2] and [3]); 

and a and b are the param eters that define a particular trend curve, like that of the poor and 

that of the rich. 

On the linear function, b is the intercept, it represents the value of the indicator in year 

zero, w hen the line intercepts the y-axis—easy to see that if x equals zero, f(x) equals b. So b 

gives inform ation about the initial level. How ever, if x equals zero, the logarithm ic function is 

not defined, for zero has no logarithm ; and as zero raised to any pow er is zero, the pow er 
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function w ould equal zero, not b.6 N evertheless, b also provides inform ation about the initial 

level in the logarithm ic function: w hen x equals one, that is, for the first year in the series, f(x) 

equals b because the logarithm  of one is zero. The sam e happens in the pow er function: as one 

raised to any pow er is equal to one, w hen x equals one, f(x) equals b. 

W hile b represents the initial level at year zero or year one, a can be interpreted in our case 

as a “perform ance” indicator. For the linear function, a gives us an absolute rate of change: at 

year 1 the predicted value w ould be a+b; at year 10, 10a+b; and so on. 

In the logarithm ic function a plays the sam e role, but as a constant relative rate of change. 

The spreadsheet obtains its param eters exactly in the sam e w ay it does for the linear function, 

using ordinary least squares to fit a line. The functions differ in shape because w e apply the 

logarithm ic transform ation to the position of the year in the series: the independent variable 

becom es the logarithm  of the position of the year, and its relationship to the dependent 

variable is linear. By doing so, instead of having a constant one year difference betw een any 

tw o years, w e have the differences betw een their logarithm s, w hich decrease as the years 

increase so as to m aintain the sam e relative rate of change: ln(2) - ln(1) =  0.693147, and  

ln(13) - ln(12) =  0.080043, but ln(24) –ln(12) =  0.693147 (because 24/12=2/1). The “trick” behind 

the logarithm ic trend curve, therefore, is to calculate the predicted value for a point as though 

it w as closer to the previous point than it is, and then plot it in its real position: not at ln(2), but 

at 2. That's w hy w e did not get a good result in our first try on Chart 3: using the years instead 

of the position of the years in the series, w e set our independent variable at a m agnitude  

in w hich the differences betw een logarithm s is alm ost constant. For instance:  

ln(1990) - ln(1989) =  0.000503, and ln(2001) - ln(2000) =  0.000500. 

In the pow er function, a is also a “perform ance” indicator, and it determ ines the pace of 

change as in the tw o previous functional form s. The pow er function, how ever, is not alw ays 

concave, only w hen a is a num ber betw een zero and one (that is, w hen w e are taking roots). 

But w hat m atters here is that, for all practical purposes, the pow er function does its “trick” in 

the m anner of the logarithm ic function. It takes som e root of x, such as the square root  

(a =  0.5), and m ultiplies this by b (the initial level). The differences betw een differences of the 

roots of the position of the years decrease as w e m ove tow ards the end of the series—so again 

w e predict the values for points that are increasingly closer to the previous point, but w hen 

plotting them  w e do so at constant one year distances, and that is how  w e get the concave 

shape. For instance: 20.5 - 10.5 =  0.414213, and 130.5 - 120.5 =  0.141450. 

If w e take another look at Charts 1, 3, 4, 5, 7 and 8, in w hich the equations of the trend 

curves are show n, it is easy to see that the value of a is alw ays greater for the countries or  

the groups w ithin countries that departed from  low er levels of net attendance. This is in 

accordance w ith the axiom  that the higher the level of the indicator, the harder are further 

im provem ents. How ever, it is now  clear that w e are not thoroughly incorporating this idea in 

our projections. Even w hen w e used pow er or logarithm ic trends the curves w ere fitted for  

a constant a, therefore assum ing constant “perform ance”. W hile w e w ere dealing w ith a 

national indicator, this w as not an issue at all. For the concave trend curves, particularly the 

logarithm ic, yielded reasonable results. How ever, as w e have seen in Chart 8, if w e have 

m ore than one group departing from  very different levels, the trend curves fitted m ight lead 

us to unrealistic conclusions. 

Let’s take advantage of the fact that EQ xIS provides the sam e indicator for m any 

population groups. Our exam ple, the net enrolm ent ratio in prim ary education, is often 
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available for m ore than one hundred groups. This helps us to put under deeper scrutiny the 

question of decreasing perform ance. In order to do so, first w e obtained from  EQ xIS the 2000 

and 2004 net attendance ratios for 97 distinct population groups (defined by incom e quintiles, 

gender, ethnicity and territorial divisions) of Guatem ala.7 Then, for each group w e calculated 

the param eters a and b of a logarithm ic trend curve; and w e also calculated the linear distance 

of the 2000 level from  the logical upper bound of the net attendance ratio, w hich is a 100% . 

The result of this exercise is show n on Chart 9. 

CHART 9 

Variation of the Slope (a) and of the Intercept (b) of Logarithm ic Trend Curves. G uatem ala 
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Source: Author’s calculations based on data from  the Inter-Am erican D evelopm ent Bank, Equity and Social 
Indicators—EQ xIS (w w w .iadb.or/xindicators). 

 

The x-axis of Chart 9 represents the distance of the net attendance ratio from  the logical 

upper bound in 2000. The y-axis represents the values assum ed by a and b, given the change 

from  2000 to 2004. Chart 9 is an em pirical confirm ation of the axiom  w e have been dealing 

w ith. The value of a, w hich is our “perform ance” indicator so far, decreases as the departure 

level of the net attendance ratio becom es closer to its logical upper bound (leftm ost values  

are closer to the upper bound). On the other side, the value of b increases, because the groups 

w ith higher net attendance ratios departed from  a higher level. Finally, both a and b assum e 

negative values. For the form er, because w hen levels closer to the logical upper bound of the 

indicator are reached, the indicator m ight decrease due to sam pling errors. On one point it 

m ight be 92.5% , and in the next 92.1% , not because the net attendance ratio decreased, but 

because an indicator calculated from  household surveys is affected by their sam ple designs. 

For the latter, it is because of the functional form  w e are im posing to the data: a negative net 

attendance ratio does not m ake any sense at all. 

Sum m arizing, w e have tw o problem s to project a disaggregated indicator. The first one is 

related to the fact that up till now , our projecting techniques do not deal w ith the fact that the 

indicators, at least the w ell behaved ones, have logical low er and upper bounds. For instance,  
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a net attendance ratio m ust be in the 0 to 100%  interval. This problem  is relatively easy to solve. 

The second problem  is a bit m ore com plicated and has to do w ith incorporating the idea that 

w e have to increase the efforts to achieve universal coverage once higher levels are attained. 

Let’s think then of a hypothetical country that, in a given period, succeeded in im proving 

the level of the net attendance ratios in prim ary education of three population groups. Group 

A  departed from  a very low  level, 10%  and reached 50% . Group B w ent from  a considerably 

higher departure level, 80% , to 90% . And group C succeeded in raising an already very high 

level, going from  95%  to 98% . How  do w e evaluate the perform ance of the country regarding 

these three groups? If w e w ere to do it using one of the already discussed functional form s 

taking the pace of grow th, represented by a in equations [1], [2], [3], as the “perform ance” 

indicator, there w ould be no doubt: the effort to im prove A’s situation w ould have been higher 

than for B, w hich by its turn w ould have been subject of greater efforts than C. W e could then 

say that our hypothetical country is very fair, given the fact that it does m ore effort to im prove 

the situation of the w orst off groups. Our projections w ould then lead us to conclude that in a 

near future, the groups w ould be equalized (and, as w e have seen on Chart 8, soon the w orst 

off groups w ould be even better than the actual better off group). 

How ever, if w e think of the axiom  w e w ant to incorporate in our projections, w e need a 

tool that w ould classify the degree of effort in reverse order. In our country m uch m ore effort 

w as put into the im provem ent of group C, w hich experienced the grow th of an already very 

high net attendance—som ething that it is hard to accom plish, as w e can em pirically confirm  

w ith ease (see Chart 9, w hich can be reproduced for other countries as w ell). A  little less effort 

w as put on the im provem ent of group B; and not m uch effort w as required to raise the net 

attendance of group A . And now  w e can think of this country as being extrem ely unfair, 

because it did m ore effort to help the better off group. 

Of course, this is all a m atter of judgm ent. W e cannot know  the real degree of effort just 

by looking at the evolution of an indicator. But w e need to m ake assum ptions about it for our 

projections. If w e had som e function that incorporated the notion of perform ance indicated by 

effort as w e just described, m ost likely projections done using it w ould yield results that w ould 

not be counter-intuitive to our perceptions about inequality. These projections w ould preserve 

the original ranking betw een groups. 

Fortunately, these issues have been dealt w ith before, and such a function has already 

been developed by Kakw ani (1993). For reasons distinct from  ours, Kakw ani sought to develop 

a class of functions that w ould allow  com parisons betw een countries based on the evolution 

of standard of living indicators w ith very different starting levels. He set forth a transform ation 

of the original indicators by w hat he nam ed as achievem ent function. This achievem ent 

function transform s an indicator according to three distinct param eters: a low er bound, an 

upper bound, and a param eter that represents the inverse of how  hard it is to convert 

additional effort into results. If the param eter is zero, w e have a bounded linear trend, m eaning 

that going from  80%  net enrollm ent to 85%  takes the sam e effort as going from  90%  to 95% .  

If the param eter is unity, bounded proportional increases take the sam e effort. A fter som e 

derivations, Kakw ani (1993:314) arrives at the tw o follow ing form ulas for the class of 

achievem ent functions. 
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W here f (x, U, L) is the transform ed indicator, U is the upper bound, L the low er bound, 

x is the indicator, and e is the param eter that represents how  m uch the effort is appreciated. 

This transform ation has m any interesting properties discussed by Kakw ani (1993). One of 

them  is to yield a perform ance index that takes into account the startup level of the indicator 

and the idea that m ore effort is needed to achieve further im provem ents. This perform ance 

index is obtained directly by subtracting the transform ed indicators for different points in 

tim e. For the sake of sim plicity, let us initially set e to one. To obtain the Kakw ani 

perform ance index, w e can derive [6] by subtracting the value of an indicator transform ed  

by [5] at tw o distinct points in tim e. 
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W here xi is the indicator at the first point in tim e and xi+p is the sam e indicator at a second 

point, p periods aw ay from  the first point. For instance, if our period unit is years, and the first 

year w as 1990 and the second point w as 1996, p w ould be six years. The perform ance indicator 

has a property that is very useful, that of being additively decom posable. In other w ords, if w e 

w ant to com pare, for instance, a country for w hich the points are eight years apart, and 

another for w hich the points are four years apart, w e just have to divide the perform ance index 

[6] by the p num ber of periods betw een xi and xi+p to get the average annual perform ance [7]. 
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Going back to our hypothetical exam ple, calculating the perform ance index for groups  

A , B and C w ould result, respectively, in the follow ing perform ance indexes: 0.13, 0.15, 0.20 

(supposing the changes w ere one period apart and e = 1). So the perform ances w ere rated 

taking into account the departure level, and, in our exam ple, the rank is reversed in relation to 

the rank w e w ould obtain, for instance, if w e used the slope of a linear or logarithm ic trend as a 

perform ance index. 

A lthough the spreadsheet application does not offer the facility of plotting a trend curve 

defined by the perform ance index and the achievem ent function, this is not hard at all to 

im plem ent. First step is to transform  the indicator at the tw o available points in tim e using  
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the achievem ent function [5]. On second step w e calculate the perform ance by period, in our 

case the annual perform ance, using [7]. Then w e predict the value of the achievem ent function 

for a point distant t periods in tim e from  xi taking advantage of the fact that the perform ance 

index is additive.8 

 

tpLUxxQLUxfLUxf piiiti ⋅+= ++ ),,,,(),,(),,ˆ(    [8] 

 

Once w e calculate [8] for as m any points as w e w ant, w e just have to transform  them  back 

to the original unit by applying9 [9], thus obtaining the predicted values for the indicator at 

those points. 
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On Chart 10 below , w e deployed the sam e data used on Chart 8 to fit an “achievem ent 

trend” w ith values predicted using [8] and [9]. 

CHART 10 

Net Attendance Ratio in Prim ary Education, National, Bottom  and top Q uintiles—O bserved 

Points and Achievem ent Trends. G uatem ala 
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Source: Inter-Am erican D evelopm ent Bank, Equity and Social Indicators—EQ xIS (w w w .iadb.or/xindicators). 

 

A lthough the result is slightly better than the one w e got from n Chart 8, the trend curves 

are still crossing. The problem , once m ore, is that w e are assum ing constant perform ance. And 

even using the achievem ent function w ith the effort appreciation param eter set to unity, the 

perform ance of Guatem ala in im proving the net attendance ratio of its poorer population w as 
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indeed higher than the national average. But it is unlikely, because of the issues already 

discussed, that this good perform ance w ill keep constant as the net attendance ratio of the 

poor im proves. In Chart 11 w e used the sam e set of data w e deployed for Chart 9, but instead 

calculated the annual perform ance index [7] for each of the 97 population groups of 

Guatem ala. W e can verify that the perform ance index decreases as the departure level of the 

indicator becom es closer to the logical upper bound, even if w e judge im provem ents in this 

range as being a result of m ore effort. 

CHART 11 

Variation of the Kakw ani Perform ance Index. G uatem ala 
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Source: Author’s calculations based on data from  the Inter-Am erican D evelopm ent Bank, Equity and Social 
Indicators—EQ xIS (w w w .iadb.or/xindicators). 

 

By using Kakw ani’s achievem ent function w e solved the problem  of im posing a low er and 

an upper bound to our projections, and w e got only one param eter (besides the observed 

indicator) that really defines the shape and the position of each trend curve (the perform ance 

index). Hence, the task of incorporating decreasing perform ance in our projections becam e 

easier. W e just have to substitute the constant perform ance by period using an estim ated 

variable perform ance, w hich values are predicted by the regression line show n in Chart 11. 

Actually, w e w on’t use the regression line show n in Chart 11. Instead w e w ill use the one 

represented by equation [10], fit just for the set of g groups that had a positive perform ance, 

for w e deem  negative perform ances w hen the indicator is close to the upper bound as being  

a result of sam ple errors or changes in the design of the surveys that w ere used as prim ary data 

sources. Otherw ise, the projected net attendance ratios w ould decrease after reaching a 

certain level below  the logical upper bound. 

 

bxUaxUfQ gigi +−=−= )()(ˆ       if   xg(i+p)—xgi >  0             [10] 
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Our assum ption of decreasing perform ance w ill then be based on the em pirical 

observation of how  perform ance, on average, decreased for m any groups of a particular 

country as their indicator approached its logical upper bound. Before proceeding, how ever, 

there is an additional consideration to be m ade about equation [10]. Even if w e consider only 

groups w ith positive perform ances to estim ate the param eters of this regression w e m ight get 

negative perform ances. This w ould happen if our estim ations yielded a negative b constant. 

Therefore, w e m ust im pose som e constraint for b, and our natural choice is that b should be 

equal to zero. The reason is that b is the value of the predicted perform ance w hen the 

indicator reaches its logical upper bound. W hen this happens, perform ance m ust becom e zero, 

because there is no m ore room  for further im provem ents. 

Other issue to bear in m ind is that under the assum ption of decreasing perform ance 

represented by equation [10] w e should predict the level of the indicator only for the 

unobserved points after our last available point in tim e. And this should be done period by 

period, so that each predicted value closer to the upper bound is used to predict the value of 

the next point. For periods before the tw o initial points in tim e, and betw een any pair of points 

in tim e for w hich w e have the value of the indicator, w e plot the trend assum ing constant 

perform ance by period using [8], assuring that at our last point, xi+p, the predicted value of the 

achievem ent trend w ill be the sam e as the observed value. Otherw ise, the predicted values 

w ould differ from  observed values. Considering all these issues, w e arrive at [11]. 

 

)ˆ(),,ˆ(),,ˆ( 1 tititi xUaLUxfLUxf ++++ −+=       if   t ≥   p                    [11] 

 

W here a is the slope of the linear regression [10] estim ated by ordinary least squares w ith 

the intercept b set to zero. By applying [11] period by period, perform ance w ill decrease as the 

predicted level of the indicator increases, and w e w ill solve the problem  of crossing trend 

curves. A fter w e get the predicted values of the achievem ent functions for all desired periods 

after the available observation points using [11], and betw een these points using [8], w e 

transform  all predicted values back to the indicator’s original unit using [9]. Then w e are able 

to represent the “achievem ent trend”. The result of this exercise can be seen from  Chart 12. 

The projection represented in Chart 12 is indisputably better than our previous tries 

(Charts 8 and 10). First advantage is that w e do not have those crossing curves that w ere 

unreasonable given our intuitive know ledge of how  inequality w orks—now  w e have a rank 

preserving projection. There are other interesting features as w ell. One of them  is that as the 

indicator of the poorer group im proves, it approaches the national average. The second 

interesting feature is that the projection tells us that there is room  for im provem ent of this 

indicator even for the richer 20% , and that the national level of the net attendance ratio tends 

to be below  that of this group yet for a long tim e. This aspect of the projection technique 

requires som e clarification. 
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CHART 12 

Net Attendance Ratio in Prim ary Education, National, Bottom  and top Q uintiles—O bserved 

Points and Achievem ent Trends w ith D ecreasing Perform ance after the last  

O bserved Point. G uatem ala 
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Source: Inter-Am erican D evelopm ent Bank, Equity and Social Indicators—EQ xIS (w w w .iadb.or/xindicators). 

 

The shape of the achievem ent trend of the richer group show s an increasing level instead 

of the stable one w e previously obtained. How ever, this should not be interpreted as though 

inequality in net attendance in Guatem ala is increasing This happens because som e 

population groups of Guatem ala that already had a high level of net attendance in 2000 

succeeded in having a perform ance even better than that of the national top quintile. 

A lthough the net attendance of the richer group is predicted to increase at a faster pace than 

betw een 2000 e 2004, w e can see that all trends are in fact converging. 

The param eter of decreasing perform ance obtained from  equation [10] is an average of 

how  the perform ance of 97 distinct population groups decreases, as their net attendance 

ratios approach the upper bound. From  2000 to 2004, the inequality betw een the net 

attendance ratios of these groups w ent dow n. And for som e groups that w ere lagging behind, 

the perform ance w as really very high. For instance, w hile the national top incom e quintile had 

a m eager perform ance, going from  a net attendance of 91.3%  to 91.6% , fem ales of the top 

quintile had their ratio going from  88.8%  to 92.2% ; in urban areas, fem ales of the top quintile 

w ent from  82.6%  to 96.1% . And there w ere other rem arkable perform ances as w ell, such as 

that of the group of indigenous people in rural areas w hose incom e located them  in the 2nd 

quintile, w hich w ent from  a net attendance of 69.2%  to 86.9% ; and that of the poorest fem ales 

in rural areas, w hose indicator increased from  57.5%  to 79.6% . This pushed up the average 

perform ance close to the upper bound and is the cause of the prediction of increased pace  

of grow th for the richer group. 



Rafael Guerreiro Osório 19 
 

Before m oving on, how ever, let’s apply the projection techniques w e have been 

discussing to tw o other exam ples, that of Brazil and El Salvador, countries that are sim ilar from  

the standpoint of the levels and the evolution of the net attendance ratio, as w ell as in its 

availability for m any points in tim e and m any population groups. 

CHART 13 

Net Attendance Ratio in Prim ary Education: National, Bottom  and top Q uintiles.  
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A s w e see in Chart 13, at the first point, 1992 for Brazil and 1991 for El Salvador, there w as 

a great distance betw een the richer and the poorer groups in both countries. A long the 

nineties, how ever, w hile the level of the top quintile rem ained relatively stable, the level of the 

net attendance of the poorer group increased considerably, but in a m ore rem arkable w ay in 

Brazil. By 2004, the top and the bottom  quintiles w ere closer in Brazil than in El Salvador. 
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This distinct dynam ics of the indicator in the tw o countries affects the trends w e use to 

predict its evolution. The logarithm ic trend (top panel of Chart 13) yields crossing curves for 

Brazil and if w e w ere to use it w e w ould com e to the conclusion that the poorer and the 

average Brazilians w ould have a net attendance higher than that of the rich by 2007. But in  

El Salvador, w here the im provem ent of the indicator for the poorer group has not been so 

sharp, national average w ould converge to the ratio of the rich, w hile the indicator of the poor 

w ould be kept at a low er level. 

The m id panel of Chart 13 show s us the result of plotting an achievem ent trend under the 

assum ption of constant perform ance, using equations [8] and [9]. For the periods before the 

first observation, and betw een the first and the second, w e use the perform ance by period  

of this tim e interval to predict the values. Then, for each subsequent pair of observations, w e 

use the perform ance by period betw een them  to predict the values of the indicator for the 

unobserved points. A fter the last point, w e predicted the values using the perform ance by 

period calculated based on the last pair of observations betw een w hich all groups had positive 

perform ance: 1999 and 2001 for Brazil; 2000 and 2003 for El Salvador. In the case of the latter, 

the results are already reasonable. But for Brazil, as the perform ance of the country in 

equalizing the net attendance ratio of the bottom  quintile, raising it tow ards the national 

average, w as very good, the achievem ent trend w ith constant perform ance still results in 

crossing curves, albeit a little later than w hat w as predicted by the logarithm ic trend, by 2011. 

At last, the bottom  panel of Chart 13 represents the achievem ent trend w ith decreasing 

perform ance after the last observed point. To obtain those trends w e proceed as described 

above, assum ing constant perform ance by period and using equations [8] and [9] to predict 

the values of the indicator before the first observation and betw een all pairs of observations. 

Then w e run the linear regression [10] for 581 tw o-year transitions of m any population groups 

of Brazil, and for 376 transitions of El Salvador, to obtain, for each country, the param eter that 

specifies decreasing perform ance. Finally, w e predicted the values after the last observed point 

using [11] and [9]. 

The trends yielded under the assum ption of decreasing perform ance are, w e believe, far 

m ore reasonable than the others, particularly if w e consider the observed evolution, that is,  

up to the point w here w e start our predictions. Brazil clearly had a trajectory of convergence, 

and that is w hat w e obtained from  the decreasing perform ance achievem ent trend—w ith the 

advantage of elim inating those unreasonable crossing curves. For El Salvador, w e also got 

converging trends, but convergence, as our prediction tells us, w ill happen at a slow er pace 

com pared to Brazil—a reasonable result under the light of the fact that the poorer groups of  

El Salvador did not fare as w ell as their Brazilian equivalent. It is also interesting to note that 

the overall perform ance is not regarded as being good as it w as under the assum ption of 

constant perform ance. For obvious reasons, the assum ption of decreasing perform ance results 

in m ore conservative projections. 

How ever, the projections obtained w ith achievem ent trends under the assum ption of 

decreasing perform ance w ill not necessarily be m ore conservative than those obtained w ith 

logarithm ic trends. D epending on the m agnitude of the difference betw een the level of the 

indicator at the observed points in tim e, and on the average perform ance of the population 

groups as a function of their distance to the upper bound in one or m ore periods, the 

projection yielded by the achievem ent trend can be far m ore optim istic than logarithm ic 

trends. To illustrate this, w e reproduced Chart 6 on Chart 14, excluding the linear trends and 

adding the achievem ent trends under the assum ption of decreasing perform ance, calculated 

in the sam e w ay w e did for the bottom  panel of Chart 13. 
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CHART 14 

Net Attendance Ratio in Prim ary Education—O bserved Points, Logarithm ic and Achievem ent 

Trends. Selected Latin Am erican Countries 
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Source: Inter-Am erican D evelopm ent Bank, Equity and Social Indicators—EQ xIS (w w w .iadb.or/xindicators). 
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W e can arrange the countries represented in Chart 14 in tw o distinct groups. First one 

w ould be com prised by the D om inican Republic and by Guatem ala. For these countries there 

is alm ost no difference betw een the logarithm ic and the achievem ent trend after the last 

observed point. How ever, the im position of a low er bound by the achievem ent trends m akes 

them  differ from  the logarithm ic trends in the unobserved past points, particularly in the case 

of Guatem ala. But for our purposes, both trends w ould yield reasonable predictions. 

Second group represented in Chart 14 is m ade of all the other countries, for w hich the 

logarithm ic trends predict stability of the net attendance ratio range, nam ely Bolivia, 

Colom bia, Costa Rica, Ecuador, Honduras and Panam a. For these countries, the achievem ent 

trend (w ith decreasing perform ance) results in predictions far m ore optim istic than those 

obtained from  the logarithm ic trends. This happens, on the one hand, because in these 

countries, m any population groups that departed from  low  levels of net attendance in prim ary 

education have experienced sharp im provem ents of this indicator. On the other hand, the 

groups w hich w ere already at levels higher than the national average have not im proved any 

further—and in m any cases, as they are stuck in w hat seem s to be an em pirical upper bound, 

their indicator is floating up and dow n due to sam pling errors, m aking their perform ance 

negative or very close to zero. As groups w ith negative perform ance are not taken into 

account for the regression in equation [10] (that gives us the estim ated decreasing 

perform ance as the indicator approaches its logical upper bound), our projection is biased  

by the groups w ith positive perform ance. 

A lthough som ew hat odd, this is an interesting feature of this projection technique 

because it gives us additional inform ation. If w e take the Bolivian case as an exam ple, the 

dissociation of the achievem ent and the log trends tells us that the w orst off groups in Bolivia, 

regarding net attendance, have gone through significant im provem ents w hilst the better off 

groups have not, leading us to conclude that inequality in this indicator has decreased very 

fast. W e can see the sam e happens in Costa Rica and Panam a, but as for these countries 

inequality in the net attendance ratio w as already sm all, the difference betw een the 

logarithm ic and the achievem ent trend is not as sharp as in Bolivia. If one bears in m ind these 

characteristics, in order not to incur any m isinterpretations, the projection technique using 

achievem ent trends can, therefore, be used to project national indicators as w ell. 

Returning to the problem  of projecting disaggregated indicators, up till now  w e used as 

exam ples only groups defined by incom e. Let’s then exam ine tw o other applications for the 

technique w e developed, this tim e m aking projections for groups defined by area—w hether 

urban or rural—and by race. W e w ill not give an application for gender because, in the Latin 

Am erican countries w hich w e took as exam ples, there are few  differences betw een the net 

attendance ratios of boys and girls in prim ary education. 

W hile w e w ere dealing w ith the net attendance ratio disaggregated by incom e groups, 

w e assum ed that as this indicator im proved, it w ould be hard to m aintain perform ance at its 

previous level. To know  how  perform ance w ould decrease as the level of the indicator 

approached its logical upper bound, w e gathered a set of tw o-period transitions for m any 

population groups and periods, calculated the perform ance in each transition, selected  

the positive perform ances, and m ade a regression using equation [10] considering that the 

perform ances w ere explained by the distance of the departure level from  the upper bound. 

By doing that w e got a param eter to represent the average decrease in perform ance of the 

w hole country. 



Rafael Guerreiro Osório 23 
 

How ever, if w e w ant to project the indicator for rural and urban areas, w e m ay w ant to 

assum e that perform ance is different and that it w ill decrease differently in each area type. 

Therefore, w e need to estim ate how  perform ance decreases in each area, som ething that can 

be easily accom plished by fitting tw o regressions, one for the set of tw o-period transitions of 

rural groups, and other for the urban groups. W e did this for El Salvador, fitting regression [10] 

for 58 transitions of urban groups and for 76 transitions of rural groups—and the results w ere 

indeed distinct: the slope for the rural areas is 0.0008, and for the urban areas, 0.0011. This 

m eans that perform ance w ill decrease slightly faster in rural areas. N evertheless, the net 

attendance ratios of both areas w ill slow ly converge as they are already very close to the upper 

bound. This can be seen on the right panel of Chart 15. On the left panel, w e did the projection 

w ith the national average decreasing perform ance w hich w e used in Chart 13. It is easy to 

verify that w e w ould conclude that convergence w ould happen faster if w e had not calculated 

a param eter to predict perform ance for each area. 

CHART 15 

Net Attendance Ratio in Prim ary Education, U rban and Rural Areas—O bserved Points and 

Achievem ent Trends, G eneral and Specific. El Salvador 
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Source: Inter-Am erican D evelopm ent Bank, Equity and Social Indicators—EQ xIS (w w w .iadb.or/xindicators). 

 

Other situations w hich w e m ight be interested in estim ating different param eters of 

decreasing perform ance are w hen projecting indicators disaggregated by racial groups.  

W e did this for Brazil, w here around 99%  of the population classifies itself in one of three racial 

groups: w hite (branco), black (preto), and brow n/m ixed (pardo). W e had 85 transitions of  

w hite groups, 87 of black groups, and 92 of brow n/m ixed groups. Fitting equation [10] to 

these transitions w e obtained the follow ing slopes: w hite, 0.0012; black, 0.0014; brow n/m ixed, 

0.0011. Therefore, the black group is the one for w hich perform ance w ill decrease less as the 

upper bound is approached. As the observed net attendance of this group has alw ays been at 

levels considerably low er than those of the w hite group, its indicator w ill converge to that of 

the w hites w ithout surpassing it in the short run. How ever, as the differences betw een the 

slopes are rather sm all, the brow n/m ixed group w ill also have its indicator converging  

to the level of the w hite group, although at a slow er pace—even if in the short run it w ill be 

surpassed by the black group. W e can see this all in the right panel of Chart 16, w here the thin 
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dotted line is the trend of the brow n/m ixed group. In the left panel, w e see the projection 

m ade w ith a single national param eter for decreasing perform ance. If w e had used the 

national param eter, it w ould not m ake significant differences for the m ixed and the w hite 

groups; only for the black group that instead of converging faster to the level of  

the w hite w ould stay a little below  the level of the brow n/m ixed group. 

CHART 16 

Net Attendance Ratio in Prim ary Education, W hite, Black and M ixed Racial G roups—O bserved 

Points and Achievem ent Trends, G eneral and Specific. Brazil 
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Source: Inter-Am erican D evelopm ent Bank, Equity and Social Indicators—EQ xIS (w w w .iadb.or/xindicators). 

5  CO NCLU D ING  REM ARKS 

In this paper w e discussed and developed som e alternatives to m ake projections of the M D G 

indicators in contexts of scarcity of data and/or of technical skills. These projections are not 

able to give us the definite answ er on w hether som e country w ill reach the targets by 2015, 

but they are im portant because they allow  us to m ake assum ptions about countries being on 

or off track. 

W e w ere aw are from  the beginning that realistic projections are far m ore com plicated 

than the sim ple projecting exercises w e have show n throughout the paper. Taking, for 

instance, the net attendance ratio indicator w hich served as our exam ple, good projections 

w ould have to consider the supply and dem and sides of prim ary schooling incorporating 

variables such as the characteristics of the existent schooling system  (are there classroom s  

for all, how  m uch the governm ent and the fam ilies have been expending on education?),  

and the dem ographic dynam ics (is the num ber of children in prim ary school age grow ing or 

dim inishing, and at w hat pace?). But the indicator itself, although does not tell us the w hole 

story, indicates—w hat they are m ade for—by its level, the state of things produced by the 

interactions of the m any factors that lead children from  a given age to attend prim ary  

school. Thinking this w ay, our assum ptions, although based only in indicators and in sim ple 

techniques, are legitim ate. W e just have to be alw ays careful not to forget that the predictions 

w e obtain by projecting indicators are just assum ptions. 
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Our m ain aim  w as to show  that particularly for indicators for w hich the departure level 

w as very low , and that have gone through significant im provem ents—but that could be 

further raised—the linear projections that have been w idely used in projecting exercises can 

lead to excessively optim istic assum ptions about the likelihood of reaching the targets. And 

w hen w e are planning the future, w e cannot rely on optim istic assum ptions—they m ight lead 

to a dem obilization of resources, for w hy should w e care about som ething that is evolving 

w ell? W hen it com es to projecting disaggregated indicators, linear projections in m ost of the 

cases w ould sim ply yield unreasonable results. 

The first alternative w e evaluated w as to use logarithm ic instead of linear trends to project 

the indicators. W e have seen that in those situations in w hich the indicator w as stable, there 

w as no advantage in using a logarithm ic trend, for it w ould yield results sim ilar to those 

obtained w ith the linear projection. How ever, w hen this w as not the case, the logarithm ic 

projections resulted in m ore conservative predictions of the future behavior of the indicator. 

W e have discussed that the concave functional form  of the logarithm ic projection is m ore 

reasonable in the face of the conventional w isdom  that w hen a positive indicator reaches a 

high level it is harder to keep im proving it at the sam e rate as in the past. W e have also seen 

that a pow er function, under certain conditions, w ould also seem  to attend the axiom  of 

decreasing perform ance. But as a pow er trend w ould give results alm ost undistinguishable 

from  those obtained w ith logarithm ic trends, w e stick to the latter throughout the paper. 

Then w e addressed the problem  of projecting disaggregated indicators, starting w ith 

indicators calculated for different incom e groups. W e verified that in m ost situations the 

logarithm ic trends, w hich yielded fairly good results w hen projecting national indicators, could 

lead to conclusions that are not in accordance w ith our perceptions and know ledge of how  

inequality w orks. In situations w here the better off group has its indicator already stable at a 

high level, and the w orst off group had its indicator im proving significantly after departing 

from  very low  levels, though not reaching the level of the better off group, projecting w ith 

logarithm ic trends w ould lead us to the conclusion that the poorer groups w ould soon surpass 

the richer groups—som ething that w e know  w ill not happen in the real w orld, unless som e 

revolution takes place. 

Analyzing the problem , w e discovered that it lay in the fact that even using a concave 

functional form  such as the logarithm ic function, w e w ere still supposing that perform ance 

w ould be constant, and therefore w e w ere not thoroughly incorporating the axiom  of 

decreasing perform ance in our projections. Add to that the problem  that by using the plain 

logarithm ic function w e w ere not restricting the predicted values to a certain range of values, 

and therefore our projections could predict values above/below  the logical upper/low er 

bound that all w ell behaved indicators have. 

The problem  of the im position of a low er and an upper bound to the values predicted  

by our projections w as solved by the use of the Kakw ani achievem ent function. By using this 

function, w e w ere able to create w hat w e called an achievem ent trend. The achievem ent trend 

is concave as the logarithm ic trend, and in som e cases w ill yield alm ost the sam e results, but it 

has an advantage: it does not predict values out of the logical range of the indicator, for its 

calculation takes its boundaries into account. The other advantage is that from  the 

achievem ent functions of an indicator at different points in tim e w e can calculate a 

perform ance index that respects the axiom  of decreasing perform ance—that w ill give m ore 

w eight to im provem ents m ade w hen the departure level is high. 
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But after m aking som e projections using the Kakw ani achievem ent function and the 

perform ance index derived from  it, w e found out that although w e got results better than 

those obtained deploying the logarithm ic trends, the problem  that puzzled us had not been 

solved at all. The achievem ents trends obtained w ere still being carried out w ith constant 

perform ance, and w ould be severely affected by our choice of points in tim e betw een w hich 

the perform ance index w as m easured. D epending on that choice, the achievem ent trend 

could be very sim ilar or very distinct from  its equivalent logarithm ic trend. 

Facing that problem  w e sought for a w ay of incorporating decreasing perform ance in our 

achievem ent trends. The ad hoc solution developed w as to calculate the perform ance index by 

period for m any tw o-points in tim e transitions, for as m any population groups for w hich the 

indicator w as available. In other w ords, if w e had the indicator available for three distinct  

years, and for tw o population groups, w e w ould have four transitions for w hich Kakw ani’s 

perform ance index could be calculated. A fter obtaining those perform ances, w e consider 

them  dependent on the distance of the departure level of the indicator from  its logical upper 

bound, and fit a linear regression constraining the intercept to zero. By doing so, the slope of 

the fitted line represents how , in a given country, on average, perform ance decreases as 

transitions start closer and closer to the upper bound of the indicator. 

Applying this technique to our indicator disaggregated by incom e lead us to very 

reasonable projections in w hich the incom e groups kept their original ranking—a feature in 

accordance w ith conventional w isdom  about how  inequality w orks. Then w e extended the 

technique to other situations, in w hich w e m ight w ant to predict perform ance decreasing 

differently for som e groups, such as racial groups, and population groups defined by the type 

of area w here they reside. 

W e also thought of applying the achievem ent trends w ith decreasing perform ance to the 

national indicators for w hich w e had initially used logarithm ic trends. W e found out that for 

som e cases this could be a good alternative as w ell. How ever, for countries that have gone 

through fast equalization of groups that w ere lagging far behind the national average, the 

projections could be less conservative than those obtained w ith the logarithm ic trends. 

N evertheless, they w ould bring this additional inform ation about the perform ance for  

different population groups, that otherw ise w ould be hidden. 

An open question is how  to choose am ong all these alternatives? There is not a 

straightforw ard answ er to this question: the choice w ill depend on the availability of the 

indicators, and on other factors, such as how  optim istic or conservative one is about the future 

developm ents of the socioeconom ic characteristic represented by the indicator. N evertheless, 

w e schem atized below  our recom m ended choices considering the availability of the indicator 

to be projected. 

Finally, it is w orthy of m ention that the techniques herew ith discussed and developed can 

be applied to all sort of indicators, not only those used for m onitoring the M D Gs. This is rather 

obvious in the case of positive indicators, such as the net attendance ratio in prim ary 

education w hich served as our exam ple. But negative indicators, those that the less the better, 

such as the illiteracy rate, or the infant m ortality rate, can be projected w ith these techniques 

as w ell. It is just a m atter of first transform ing them  in into positive indicators: the illiteracy rate 

into a literacy rate; the infant m ortality rate into an infant survival rate. 
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Indicator availability Recommended options 

National for one point in time Avoid projections 

a)  Logarithmic trend 

b)  Power trend National for 2 points in time 

c)  Achievement trend with constant performance 

a)  Logarithmic trend 

b)  Power trend 

c)  Achievement trend with constant performance National for 3 or more points in time 

d)  Achievement trend with decreasing performance 

after the last point 

a)  Achievement trend with constant performance 

b)  Achievement trend with decreasing performance 

after the last point 
Disaggregated for 3 or more points in time and two 

or more population groups 
c)  Achievement trend with specific decreasing 

performance after the last point 

 

To conclude, the sim ple alternatives w e presented should not be considered at all if there 

is plenty of good data available as w ell as technical expertise to the projections—w henever 

this is the case, m ore rigorous approaches to projection are m andatory. As w e stated on the 

beginning, all projection techniques, no m atter how  good the data and the assum ptions 

deployed, have flaw s. The one w e developed here, in an ad hoc fashion, based on Kakw ani’s 

achievem ent function, is no exception. As w e solve som e problem s, w e create som e others. 

The im portant thing, alw ays, is to have a good understanding of the technique w e are using 

and of its caveats, in order not to m isinterpret the results. If w e m aster the techniques, w e can 

not only avoid m isinterpretation of the results, but also eventually use its flaw s to our advantage. 
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1. For useful and brief overview s on this issue, see the International Poverty Centre One Pager series, issues 28 and 33, 
respectively by Vanderm oortele (2007) and by Tabatabai (2007) 

2. For a m ore detailed discussion of w hy projections can not be treated as forecasts, see Haub (1987) 

3. Those interested in doing projections w ith this alternative technique can send an e-m ail to tp@ undp-
povertycentre.org requesting a set of U ser D efined W orksheet Functions (U D Fs) that can be used to im plem ent the 
“achievem ent trends” w ith the M icrosoft Excel spreadsheet. The U D Fs are available as an Excel Add-in and as a VBA  
m odule. Tw o sam ple w orkbooks w ith data used in this paper w ill be provided. 

4. For an overview  of the evolution of this indicator based on this data source, see the International Poverty Centre  
One Pager series, issue 23, by Zepeda (2006) 

5. By choosing the right chart type it is possible to use the series {1, 2, 3, 4… } to fit the trend curve w hilst having  
{1989, 1990, 1991, 1992… } as labels on the x-axis. 

6. A  spreadsheet w ill not allow  you to fit a logarithm ic or pow er trend if there are zeros am ong your data points.  

7. There w ere m ore groups available, but for som e sm all groups, the indicator w as not significant in both tim e points. 

8. If t =  0 the predicted value equals the achievem ent function of the indicator at the first point in tim e. If t =  p, the 
predicted value equals the achievem ent function of the indicator at the second point in tim e. 

9. Equation [9] is the inverse of the achievem ent function w ith e set to one [5]. It w ill bring any indicator transform ed w ith 
the achievem ent function [5] back to its original unit, provided that the low er and the upper bounds specified are the 
sam e used in the original transform ation. 



International Poverty Centre
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70076 900   Brasilia   DF
Brazil
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Fax   +55  61  2105 5001
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