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Abstract

There have been few attempts at creating data series on levels of educatiomakatt

of the adult population consistent across time and space by age afdthegxvould be
needed to estimate the role played by education and human capital in economic,
technological, environmental mode#s correctly as possiblén 2007, Lutz et al
developed a methodology to reconstr(astd project levels of educational attainment
based on the information contained in Haseyearsourceof choicefor themost recent
period (Lutz et al. 2007a)The methodology was applied again in the framework of a
new round of population projections published in  201%nline
(www.wittgensteincentre.org/dataexpldremndin the Oxford University book “World
Population and Human Capital in the Twefiyst Centuy” edited byLutz, Butz and

KC. There, the coveragencreasedto 171 countriesand the number of education
categories to six. The bagkojectionmethodology was applied to the updatebe
yearsamplein 2010 toarrive at the reconstruction of levels of educational attainment by
age and sex for the period 192005 The purpose of this paper ie comparethe
reconstructed datasdtsother existingsources ohistoricaldata on educatignncluding

the former reconstructioinom 2007, collection and other reconstructexercises

The validation of the \Wtgenstein Centrebackprojection model outcomes with
available empirical data source enaltles evaluation of our back-projection method

the establishment of harmonized and consistent time series on the educational
composition of 171 countries indhworld. In comparisonthe most othemavailable
datasets suffer from severe flaws, hampeanyg validtrend and regression analysis on
levels of educational attainment.

The backprojection methodology is explained $ection2 and £ction3 describes the
collecion of empirical data for the validation of the WIC 2015 dattasnd associated
challengesThe validation methodology and results are develop&ation4. Detailed

documentation about the counspecific validation is available from the Appendices.


http://www.wittgensteincentre.org/dataexplorer
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Preface

This is a revision of the origindR-15-008 published April 1, 2015. This version
includes one main change in addition to some language revisions.

In the primarily published version of this Interim Report we stateBeiction3.1, with

411, a wrong total number of dgtaints for the period 1970 up to the basar. That
number included datpoints before 1970 that have not been used in the validation. In
fact, we can report for the validation 339 unique gbatimts. This correction does not
affect the validation results, illustratedSedion 4.

Finally, the conclusion, including Figure 15, has been modified according to the
changes in the main text.
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1 Introduction

In 2007, the International Institute for Applied Systems Analy§iIBASA) and the Vienna
Institute of Demograph(VID) published thi first reconstruction of past levels of education
at country level- also called baclprojections —from 2000 back to 1970followed by
population projectionfrom 2000 to 205(Lutz et al. 2007a; KC et al. 2008; KC et al. 2010)
Both thebackprojections and projections requirdie samebaseyear data on population
disaggregated by levels of educational attainment by age andlsexbaseyear for the
IIASA/VID backprojection exercis€lLutz et al. 2007awas set to 2000, and the dataset
includeddata on four levels of education by agel @ex forl20 countriesA similar exercise

— population projections and bagkojectionsby level of educational attainment was
conducted between 2011 and 20THis new round of projections is documented in Lettal.
(2014).The full dataseincluding the population projections and bambkjectionsis available
onlinein the Wittgenstein Data Explor@VIC 2015).

The recent backrojection dataset thereaftereferredto asWIC 2015 —differs from
the 2007 dataset in three main wayg:) The base/ear was changeidom 2000to 2010and
update with more recent census and survey date Bauer et al. 2032R) the number of
education categoriegas increasettom four to six(see Tablel in Section3.1) to encompass
more differentials in levels of educational attainment across the veontt{3) the number of
countriesin the dataset was extendedm 120 to 171 tenlargethe representateness of the
dataset.

The aim of this paper is to present the validation exercise that was conducted to
evaluate the WIC 2015 bagiojections asRiosmena et al. (200&ccomplishedor the Lutz
et al. (2007) dataset. (Riosmena et al. 2008; Lutz &08I7b)In Section2 we describehe
backprojection methodologyin Section3 we explain our efforts to collect empirical data for
the validation of the WIC 2015 dataset, including the description of data sources, the data
management, and the data harmonization procedlur8ection4 we introducethe back
projection validation procedure, the resulting amendments to the reconstructe@0A%
data, and the results of the validation with empirical historical diatbother reconstructed
datasetsThe concludingsectionsummarizeshe main features and envisaged applications of
the new WICbackprojection dataset and discusses the next steps to improve this data
collection on global human capitaDetailed documentation about the courdpecific
validation is available in Appendix I.



2 The WIC dataset: Back-projection methodology

The backprojectionsrely on the principleéhat education isverwhelmingly acquired at young
ages and is thei@e a fixed attributelater in life Hence the educational attainment
composition of a population encompasses the educational development of the past, nvhich ca
be reconstructed along ageoups. If we know the proportion of B@ar old with tertiary
education in 2010 in country Ahdr shares a validestimate of the proportion of 4@ar old

in 2000 inthe samecountry. However, there are two phenomena that can upset the full
equivalencethrough time Differential mortality and migration. For instanceg tertiary
educated people are less affected by mortality than lesser educated-pebpth has been
demonstrated in the literatuteluisman et al. 2005; Hummer and Lariscy 20Q1hen it is
possible that the share of-48ar old with tertiary education will be lefgan theshare of the
50-year old, their higher share at the age of 50 being the result ofaweir nortality in the
10-yearperiod.The mortality differentials are more important at old agben mortality rates

are higher. Anothedisturbancethat can affect the bagkojections and has to be taken into
account in the reconstruction is migration which rarely follows the educatitibdi®n of

the hostcountry in terms of ifflows and oufflows. Lutz et al.(2007a; 2007b)rovide a
sunmary of the badclprojection methodologgand how migration and mortality differentials
were dealt with in the previous round of kgwojection. The same principles were used in
the WIC 2015 round with somamendments

One amendment wasinse schoolingoccursmostly in earlier agesf life, that all
transitiors between the sixevels of educational attainment occur by age3(K.C. et al.
2015).In the earlier reconstruction (Lutz et al. 2007a; Lutz et al. 200vith) four levels of
education (no education, primary, secondary, and tertiary) the transition from mbi@utc
primary waspossibleuntil age 1519, from primary to secondary until age-20, and from
secondary to tertiary until age -3@. In the WIC 2015 datasethe finding from the
collection and harmonization effort (Bauer et al. 2042)e usedwhich revealed that thage
at transition tdhe nextlevel of educationvas ofterhappening at higher ages or younger ages
ratherthanat the standarége atgraduation, describg the theoratal age awhich aperson
is supposed to gradudi®m a particuladevel of education e.g. in Austrigoupilsclassically
enterupper secondary education at the age of l4gaadua¢ four years lateat the age of 18
years.

Based on these findings, vestimated countryand agespecific transition rates for
educationn the baseyear to reflect the reality afducationatransitions It was however, not
possible to estimate ithtransition matrix in the past due to the unavailability of consistent
dat&. Therefore,countryspecific transition matricesvere assumedtb be constant over the
backprojection period. This assumpticouldintroduce a bias at both enof the educational
scale.Countries which had aalitist educationsystemin the past mighthave had higher
transitionrates at earlier agegcompared to the standagdaduationage) thamow when the
educationhas become more egalitarian and less advantaged pupils tend to transit to the next
level later or spend more time to finish lev&&versely,m some countrieahere the average
schoolentry occurred at older ages than #tendard graduatioage,improvements in the
access to modern education may decrease the age atesctianteandincrease thepeed of
attaining the nexschoollevel (K.C. et al. 2015).

TheWIC 2015backprojectionmethodology alsdliffers from the earlier onfLutz et
al. 2007a; Lutz et al. 2007b; K.C. et al. 2018)terms of the differential mortality by
educationBoth datasets rely on a standard schedutamtality differentials. HowevelLutz
et al. (200B) assumed that thmortality differentialexpressed in terms of life expectancy at
age 15 (g) between the highest and the lowest education categuasss yeardor both
sexes with a -R-2 yearpatternbetween the no education, primary, secondary and tertiary
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education categorietn WIC 2015 the differentials were revised in two ways. Firstly, since
the education differentials were found tolasgeramongmenthan women(Lutz, Butz, and

KC 2014), thedifference in g between the highest and the lowest education categoaies
setto 6 years for mnand 4 years fowomen. Secondlye assume the education differential
in e;sto havea 1-1-2-141 yearpattern between theo education, some primary, corefgd
primary, lower upper,and posisecondaryeducation levelgespectively— and the same
proportionally for women (K.C. et al. 2015).

At each step othe backprojection,the United Nations (M) estimates of life tables
for the populationUnited Nations 2011)re disaggregatadto education specific life tables
using the sex specific educational differerstial mortality as described in Lutz et al (2@0.7
The educatiopage and sesgpecific survival ratios are applied backproject the populson
in five-year step. The total agesex specific populations are then adjusted proportionally to
match theJN agesex distributionn the 1970-2005 period.

Finally, the education transition maesare applied tdackprojectthe populatiors in
the 1534 age groups. By virtue of goingto the past, the whole process does not have to
consider fertility. The education distribution in the highest agg@up 100years plusis
assigned according to a logistic model fit deritredn the baseyeardata(K.C. et al. 2015).

3 Datacollection and validation methodology

3.1 Data sources for the base-year data

The WIC 2015 baclkrojection dataset is based on harmonized baseline data on educational
attainment from two types of sources (Bauer et al. 20(1)census datacollected from
major international institutions, primarifyom IPUMS* (Minnesota Population Center 2014)
and alsofrom CELADE? (CELADE/CEPAL 2014) EUROSTAT (EUROSTAT 2014)
UNESCO Institute for Statistics(UIS 2014b) or directly from National Statistical Offices
(NSOY), (2) survey dataderived from Demographic Health SurvéySleasure DHS 2015)
Labour Force Surveys (LFS), or Multiple Indicator Cluster Survey (MIC®sid® the
problems of sampling (size and representativenessyeystend tobe designed for the
national context and are not always immediately comparable. Survey dataseditthe
census was of poor quality, not available or outdated, whereby the data quakigplg d
related to the data source

The baseyear data for most of th&71 countriesoriginatedfrom the period 2000
2002, with a majority of census datasets (119 census or registers/52 surveysheshan of
the data collected to estimate thaseyear reaches from 1995 (Central AfricRepublic
[DHS] and Turkmenistan [UIS]) to 2011 with Ethiopia DHS dateFigurel).

1IPUMS - Integrated Public Use Microdata Ser{bgps:/international.ipums.ofg/

2 CELADE - Division de Poblacion, CEPALhftp://www.cepal.org/redam/default.asp?idioma=)N
3 UIS - UNESCO Institute for Statistichitp://www.uis.unesco.org/Pages/default.dspx

4 DHS — Demographic Health Surveyst{p://www.dhsprogram.com/

8



https://international.ipums.org/
http://www.cepal.org/redatam/default.asp?idioma=IN
http://www.uis.unesco.org/Pages/default.aspx
http://www.dhsprogram.com/

Figurel. WIC 2015data sources on educational attaémt (effective February, 2014)
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The baseyeardatawere harmonizedand aggregated tim the following six categories
based on the ISCED 1997 classificati@®e Tablel): no education, incomplete primary
[incomplete ISCED 1] primary [ISCED 1], lower secondaryiISCED 2], upper secondary
[ISCED 3], andpost-secondary educatipfsCED 4+5+6].

Tablel. Categories of educational attainméauer et al. 2012)

WIC 2015 ISCED 1997

No level or ISCED 0

Grade 1 of ISCED 1 not completed

Incomplete primary Incomplete ISCED 1

Completed ISCED 1

Incomplete ISCED 2

Completed ISCED 2

%ncomplete ISCED 3

Completed ISCED 3

rYncomplete ISCED 46A & 5B

ISCED 4 & 5B [first diploma, shorter pesecondary courses]
ISCED 5A & 6[longer postsecondary courses, pagtaduate level]

No education

Completed primary

Completed lower seconda

Completed upper seconda|

Postsecondary

Historical datasetare thereby defined as all datasets that are older than the eountry
specific baseyears For the validation, & aimed to collect as marhnystorical datgpointsas
possible,going back from the countigpecific basgear to 1970 for the 171 countre
Ideally, this would beabout 1148 data points for the period 1970 up to the coesptwific
baseyear (excluding the basgea). However, and not surprisingly, it was not possito
recover all the datpoints.

Firstly, the datausedoriginates typically from censuses which are mainly collected
every 10 yearsand surveys like DHS do not take place at regular intervals. Moreover, the
data are not readily available for all theuatries in our sample. In total we managed to
collect one or more dafaoints on educational attainment since 1970 by age and sex&or 13
countries 81 percent of all 171 countries), that summed u@36 datapoints @0 percent of
the potentiall148data points in the period 197( to the basgeal. It was not possible to
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include 33 countries, because historical data on educational attainment were either not
available becausé had not been collected (e.g. Ethiopia, Nigesee Table?). Otherdata at

hand were not a4 sufficient level of detail or qualityput still included into the validation
procedure(e.g. Ireland, Netherlanfislespite the fact that edummal attainment became a
standard element of most censuses in the second half of the 20th century.

Additionally, the source of the baseline data puts limitations on the validationsexerc
Due to already documented discrepancies between census and survey data een betw
census and LFS daf€ohen and Soto 2001; Cohen and Soto 2007), or between census and
DHS data(Bauer et al. 2012)we prioritize census data as the most reliable source in the
collection of historical data. Therefone first collected past census data on education from
the IPUMS and supplemented these datasets with census data fromal8@set available
in UIS datasets (se®ection4.2). In case the source used for the validation did not meet the
levels of detailgequiredin the WIC database in terno$ education or age, we validated the
data at a higher level of aggregation, for instabgeising population 15 or 25 years and
older, which is more often available (e.g. from UIS).

As shown inTable2, the highest coverage of historickitasets compared to our base
year countries, could be reached in Northern America and Latin America, wheas it
possible to collectlatasets for 10@nd 97percent respectivelyrhe least available historical
data series could be found for Asi&d(percent) and Africa72 percent) becauseensus
reports or datasets anéiennot publicly availablein casethere have been censuses, which is
not always the case.

Table2. Country coverage of historical datasets (1970 up to theyleagdsy UN region

Coverage
Countries| Countries| of all
UN region Al with with historical Missing countries
9 countries| available | historical data 9
baseyear data points
(%)

Europe 39 39 34 872 A!banla. Iceland, Malta, Ukraine, United
Kingdom
Afghanistan Armenia, Azerbaijan, Brunei,
Bhutan, Cambodia, East Timor , Georgia,

Asia 50 43 30 69.8 Iran, Iraq, Kyrgyzstan, Laos, North Korea,
Oman,Palestine SaudiArabia, Sri Lanka,
Turkmenistan, Uzbekistan, Yemen
Angola, BotswanaChad, Comoros Cape
Verde, Djibouti, Eqypt, Equatorial Guinea,

. Eritrea,Ethiopia, Gabon, Guinea-Bissauy

Africa 55 46 33 [ Libya, Madagascar, Mauritania, Mayotte,
Nigeria, Reunion, Sierra Leone, Somalia,
Togo, Western Sahara

Northern 2 2 2 100.0 | -

America

Latin America 37 34 33 97.1 Barbados, Grenad8uriname, Virgin Islands

Oceania 12 7 6 85 7 Fiji, French Polyne5|a Guam, Micronesia,
Papua New Guinea, Solomon Islands

World 195 171 138 80.7 [171-138 = 33 countries]

Note Countrieswhere no historical datasets could
underlined and in bold.
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3.2 Data harmonization

Despite thesheerlack of comprehensive datan educationfrom 1970 onwardsit is
increasingly difficult the further we go back in the past to find usable dataesotivat are
comparable to our education categories (Balkle 1) based on the UNESCO ISCEI®97
classification(lUNESCO 2006)

Educational categories describing the highest level of attainment aliodgs/
national educatiosystems Due to thevariety of nationally distinct education systems, many
different types of educational levels exist around the glalnch are additionally changing
over time Any change affect the way daaae collected in the census. Unlike other datasets
(Barro and Lee2013; Cohen and Soto 2007; Cohen and Leker 2014; de la Fuente and
Domeénech 2012purreconstruction is based orbaseyeardatasebf consistent estimates o
educational attainment by age and sex harmdnize ISCED 1997 levels to achieve a better
comparability and to avoid flaws in primary da&iauer et al. 2012; Potan¢okova, KC, and
Goujon 2014)

Seemingly in order to makehe historical education statistics comparable with the
harmonizedbaseyear it is necessary tdarmonize themaccording to the ISCED 1997
mapping (UIS 2014a) To create such a harmonized educational databaseoften been
challenging because the data were not organizéde with the ISCED definitions.

3.2.1 Categories adducational attainment

In order to harmonize thieistorical data with the WIQO015 categorization of thbaseyear
data, we collected detailed information based on national education categopémally
categoies as surveyeith censusesvithout being further processed or aggregatéa allocate

the various categories to comparable ISCED 1189&ls. Special emphasis has been placed
on the differentiation between completed and incomplete lewsilsg information about the
highest school year or grade attended within the level to distinguish between tednapie
incomplete levels.

While IPUMS often provides harmonized and unharmonuaethbleson educational
attainment with the information on yearkschooling, whichmakes a differentiatiobetween
‘incomplete’and‘complete’levels possible, NSO and UIS datasets mainly provide aggregated
datasets with the national education categorization.

Therefoe, in the process of validatiopm the WIC 2015datasesingle categories ka
to be aggregated to mattime national education categorizatiandto enable a comparison
between empirical andbackprojection data. NSOs often do no provide data on lower
education in the detail which would be needed for validation, but combineathdwasic’ or
‘elementaryeducation, which includesncompletelSCED 1 ISCED 1andISCED 2 like in
Norway or France. In such cases the WTL5 categories got aggregated corresponding to
the national categorization to conduct the validation.

> The UNESCO Institute for Statisticsso planso harmonize their database on educational attainosmgthe ISCED
1997 categories to provide a comparable datfdE®. 2014a)
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3.2.2 Changes in national educatsystems

Another challenge for determining educational attainment byisa¢ige changein national
education systems over time. People of different ages often went through déttweational
programs and/or systems with respect to the number of gradased to reach a certain
ISCED level. Although ISCED 1997 mappings are available for most countries, it is not
always clear how to identify and allocate surveyed categmaecularlyif the categories in

the respective national education programeghfrom those used e ISCED mappings.

Besides prolongations in the duration of compulsory education, alterations in the
duration of schooling might occur just at one particular level or at more levels atSmme
countries did change their educeatisystems fairly frequently. Since 1970, for example,
Cambodia had four different systems and Mozambique and Ukraine reformed theirogducati
systems three times. Moreover, such changes in natol@hton systems are often poorly
documented andre ths difficult to identify(Bauer et al. 2012).

Aiming to take changing education systems into account when allocating origiaal d
into the six WIC 201xategories, we benefited from a compendium of documented changes
compiled by UNESCQnstitute for Statiscs® (UIS 2014c). However, UNESCO does not
provide any information before the 1970s and detailed informatauration of compulsory
education, theoretical duration of ISCED 1997 levels as well as starting ageiaation at
each level-is given only from 1998 onwards. For all persons enrolled prior to 1998, which is
almost the entire population of 15 years and older covered by the WICdaéd<et, there is
only information on the aggregate duration of secondary education, without any
differentiation letween lowe(ISCED 2) andupper(ISCED 3) secondary education. This is a
particular problem, if the cumulative duration of lower and upper secondary education
remains the same, but the duration of each level has charsggr from a 34 year system to
a 4-3 yearone Such a situation is not unusual, because compulsory education is often
extended by adding one or more gradéschooling years to lower secondary education by
clipping it off from upper secondary. In other cases, there was evidencédltantulative
durations of secondary education changed, but no further information about the levels or
grades affected was available. Due to these circumstances, we acknowledge that at least some
changes in educational systems, which potentially would hafested the cohorvise
allocation of particular grades and degrees to ISCED 1997 levels, may hasmegm
concealed to us (Bauer et al. 2012; UNESCO Institute for Statistics 2011).

3.2.3Changes in age groupsf educational attainment

Beside changes in tianal education systemsige categorizations are often not consistent
across time and countries. While the population by educatimostly givenfrom the ageof

10 or 15 yearén singleor five-year age groupsome countriehave differentstartingages

For examplethe Norwegian censuses fro®70to 1980startwith the age of 16 yeamsith
differing age intervals in the younger age groups (g.19yearg according to the structure

of the national education systerffS8BS Norway 1986; CBS Norway 1991; CBS Norway
1999) or the Czech census of 1980 starts the documentation of education in the published
reportswith the age of 20.(CZSO 1980; CZSO 1991)

Especially in older censasdata areavailable justfor one or twobroadage groups
such asl5 yeas plus and/or 25 years pludence for the validation of the WIQ015back
projectiondatawe usedhe aggregated age gropppulation 25 years pluas this age group
is widely available or can be calculated over most census points and times

® UNESCO collects evidence on pasiucation systems since 1970:
http://stats.uis.unesco.org/unesco/TableViewer/document.aspx?RefdB&IF Language=enfdast visitedMarch 2014
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4 Validation processand results

In the validation process wmmpare the resglbf thehistoricalreconstructiorof educational
attainmentwith empirical historical datasets thatere harmonized beforehandVith the
setting up of thdaseyeardataset anthe aim to collect data on educational attainment from
various sources in order to choose the most religlddecameapparent that census data seem
to be the most reliable and comprehensive data. As a matter of fact, differemmudeds snay

lead to diferent results and inthis case indifferent educational compositions. Picking the
most reliablesource is certainly the correct solution to this problem. This was not always an
unambiguous task, as the following comparisons between different data sources @tenonstr

Based on these experiences we decidefbdas our ambitions to collect historical
educational data on censuses. The three main sources that pediatie historicaltime
series of census data via databases, aggregated tables, or reports are IBOBSIANUIS,
which show different patterns of fitting accuracy to backprojection modelasshown in
the following sectiors. Apart from that we compare the WIC 2015 reconstruction with other
reconstruction exercises that tried to deal with the lack of consistent datacatien.

4.1 Data validation categorization

The comparison of empirical historical education data with the Wé€kprojectiondata is

based on the lineup of the proportional share of the six WIC education categories ofl the tota
population 25 years plus. Hereby we compare(#tg deviation betwee the corresponding
educational categorids/ absolute differencaa percentage point®p). To illustrate this, for
Serbia 1971 the WIC 2015 dataset estimates a proportion of 20.1 percent of the total
population aged 25 years plus with no education.cbiected NSO data for that year show a
share of the same educational category of 26.1 percemth wfives a deviation of 6.0
percentage points in this educational category.

The education category with the highest deviatbdata point in a countrgerves as
basis for thevalidation categorizationFor instancein the same example &erbia 1970 the
highest deviation does not occur in the education categoeglucationbut with 6.6pp in the
group ofincomplete primary educatioifhat causeSerba 1970 to be icategoryC.

The deviations in percentage points are categorized into five groups by predefined
thresholdgseeFigure?2). The labels of those five groups are referring toAheerican school
grading scheméA, B, C, D,andF). Therefore dviationsbeneath Sp arelabelled agyood
(A) or rather good(B). We made this distinction to highlight the countries with veigh
accuracy of fit (beneath 2fp). Higher deviations above fip are divided ito the categories
rather bad(C) or bad (D) to get a more differentiated picture of the level of deviations
between empirical and model data. Countries andsdaites with a deviation above pp and
no chanceof improving the matching accuracy are allocated to the catewrysable(F),
since the deviation beyond that point cannot be explained whereas most of the deviations
below the 20 pp threshold can be explained.
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Figure2. Validation categorization scheme by-{#dbsolute deviation (in percentage points)
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Outliers are for instance countries with highly aggregated educational categories,

where it is not possible to distinguish educational categories according Withe015
categories as there are massive overlaps between educationalgmigsthe Netherlands
or Ireland. Another reason could be due toias mtroduced by the educational impact of
massiveimmigration likein Israelwhere different waves of immigran have affected the
education composition.

4.1.1Validation of historical datasets

The validation is a twatep procedurdrirst, we compare the harmonized empirical data with
the WIC 2015 dataset and attribute to the counényd educatiorspecific daa point a
validation category, depending on the degree of deviation. In the case of a perébctliikeat

the validation with empirical NSO and IPUMS data of Greece in 1971, 1981 and 1991
(categoryA), we donat apply any further stept any other casgategorieB-F), we control

the validation output in a second step to find the source of deviation.sg@tusd step
compriseswo parts:

Controlling for harmonization mistakes: In this part we control the gathered
empirical data forssues that could have occurred in the harmonization of historical
andbaseyeardata, e.g. misallocation of educational categories in the recoding of
IPUMS data or we didiot account for changes in the courgpecific education
systems.

Controlling for data reliability : If there are nassues that could be identified and/or
solved, we apply almge-cohort analysis{ACA) described irSection4.1.1.1to check
for the dataeliability. Additionally, we check the reliability of the source data by
means of reviewing in detail the data documentation and related literature tfyident
flaws inthe census quality, before checking for historical migration movements that
could have biased our validation results.

These corrections are imporated into our empirical dataset and documentation

before finally apply our validation categorization. Examples for this poeecan be found
in the following ®ction4.1.1.1 and &ction4.2.
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4.1.1.1Age-cohort analysis (ACA)

The agecohort analysiYACA) was used to evaluate changes in the educational composition
of cohorts between several empirical data points. Two or more data points of hadnonize
educational distributions by age are necessary for this approach e.g-4Beag8groupin

1980 and the 585 age group in 1990. The age grodpmgle age, five or tegear age
groups) have to correspond to the time intervals between the decennial data points.

By employing ACA we were able to identify outliers, corrupted dataaetl unusual
changes ineducational compositions. The procedure is based on the evaluation of
in/consistencies in the development of educational composition of the age cdhersCA
allows us to identify nusualage heaping sudden drops or increases in tha@ucational
compodgion of particularcohors thatpointsto problemsof data quality of the particular
source or to other biasesch as that adelective migration explaiing the sudderchanges in
shares with postecondary education in Israel.

The ACA allows to spot issues with the categorization of education. For instance, in
the Canadian census of 19Which is accessible via IPUMS, the pestcondary educated
populationseens to be highly underrepresented compared to the later census years. According
to these dat&ss the population 25 years and older with {s@stondary education would have
increased betweel®71and1981 from 5.4 to 38.4 percefithe ACA confirms aliscontinuity
in the sharef the population with post-secondary education across all cohorts.

In Trinidad and Tobagthe available dattom IPUMShadan underrepresentation of
the no education categorg 1980 compared to 1970 and 1990. In such cases where the
educational composition of the compared age cohorts in one dataset shows a cleandeviati
from the other available data points, we discard the datatet iralidation, likan the casef
Israel or look for another dataset, which was the das@rinidad and Tobago where the data
was substituted withvailable datérom the NSO.

4.1.2Amendnents to the reconstruction after the first validation phase

During the validation procedure the comparison unveiled discrepancies betweenkhe bac
projections and the empirical data. We further identified the datasets that neeted t
corrected. We focused on the countries in categ@iesd F for which we had collected
reliable historical data points from valid data sources, like IPUMS or N&tdl we could
identify twelve countrieSthat fit to the articulated criteria.

For those countries wincorporated the empirical dataipts into our model and
reconstructed from the validated data points the missing data points by applingl@
2015backprojection methodologysee Sectior®) to fill the gaps in the empirical data time
series. Beforegoing into detail, the usedlata points hdito be processed so that they are
applicable to oubackprojectionprocedure.

Firstly, weadjustedhe age groups available from the empirical datasplit broader
age groups (e.g. 10 year age groupgppplying a cubic spline function or extend the last
open age group (e.g. age groupyéarsplus) up to 100 years plus.

Secondlymissing educationiaategories in historical data poiM&re estimatedror
instanceincompleteandcompleted primaryvere aggregated in one educational group in the
Czech Republic (1971, 1984nd1991) or in Hungary (1970, 1980, and 1R90we use the
example of Hungary, in ordeo getthese two educational groups apart, we projected in a first
phase back from théaseyear 2001 to 199 and usd the educational share between

7 Countries: Bangladesh, Cameroon, Czech Republic, Finland, Haiti, Hudgamgjca, Liberia, Philippines, Spain,
Singapore, and Tanzania.
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incomplete and completed primary educationsplit the primary education category in the
empitical data for 190. Wefurther used this adjusted 1990 distribution to project further back
to 1985 and 1980, where we applthe same procedure as for 1990. This procedase
repeated until970.

The WIC 2015 datasencorporaesthe twelvecountryspedfic corrected timeseries
and provideghe basis for the validation with the empirical data series from IPUMS, NSOs
andUIS asshown in thenextsection

4.2 Validation with empirical datasets
As mentioned earlier, thee are threemajor sources for validating th&/IC 2015 dataset
IPUMS, NSGCs, and UIS.

4.2.1 Integrated Public Use Microdata Series (IPUMS)

For our purposeshe major sourcef historical data on education ithe IPUMS dataset
provided by the Minnesota Population Center at the University of Minndsatkws for the
validation of55 countries 0437 census data pointgith educational attainment. EHPUMS
datasetincludes census microdata samplessqally 5 or 10 percent samplesand shows
relativdy high matching with theWIC 2015 dataset The high degree of details in the
microdata allowsfor the differentiation between incomplete and completeducation
categoriesAbout 73datasetshow an accuracy of categohyor B, whichmeansan absolute
difference betweeWIC 2015 and théarmonized IPUMS data bene&lpercenpoints.

Figure3. Validationresult for IPUMS data source by year and validation category
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The highest number of data points can be found in the census year 19987 with
dataset®out of which 24 are categorized a#é or B. The further back in time we compare the
WIC 2015backprojectiondataset withPUMS data thegreaterthe deviationIn total there
are 30 datasetghat entercategorizationD and F indicating a strong divergence¢hat was
evaluated.If the deviation originates from the transition model, we can adjust the back
projection model to the empirical outcomes. If the divergesaue to data reliabilitywe
have to rely on alternative sources, if available. An example for insufficieated@tbility is
the IPUMS data for France. The IPUMS dataset reveals"th.'none declaredcategory
encompasses those without schooling/diploma(s) as well as those who did not answer the
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guestion, depending on the year this may explain some variation between years.”
(Minnesota Population Center 2014)

The share of the total population aged 25 years plus in France in the categery
declared decreased frorB9 percentin the 1962census t@0 percentin 1999and 2percentin
2006. Therebythe high share of population before 2006 can be explained due to the fact that
this category contains both people without schooling/diploma(s) and people whwtdid
declare their educatiohis may be the result of different approaches in questioninigein
different census questionnaires, e.g. 1999 and 200¢-(gee4).

Figure4. Differences in theducation question ikrench ensugs,1999 and 2006 (Minnesota
Population Center 2014) [authors illustration]

Census 1999 25% Census 2006
Question 10. Question 9.
Indicate you last diploma obtained What diplomas, certificates
20% - R ordegreesdo vouhave?
1
0 No Diploma 01 You have never been to
| Certificate of elementary studies school
2 BEPC, elementary certificate, 15% - 02 No diploma/certificate/degree
middle school certificate but schooling up to primary school
(-) or high school
8 Graduate or post-baccalaureate -17.8 pp 03 No diploma/certificate/degree
university diploma (including 10% 19.9% ~But schooling beyond hign school
medicine, pharmacy, dentistry), ()
engineering degree, from a teacher- 18 Advanced university degrees
training school. o (including medical, pharmaceutical
5% - ] -
! and dental); engineering degree,
v degree from a highly competitive
-------- public or private college, doctorate,
0% . . etc.
(PPp) ... percentage points 1999 2006

While the census questionnaires in both years ask for the diploma certificate or degree
obtained, the possibilities to answer this question show a different level of goaduati 999
it was only possible to answer withNo Diplomawhile in 2006 the answer opportunities got
notablyrefinedwith three choice$or those without diploma.

This high shares in the categorgne declarediffectedour validation result in a way
thatall validation data points show a high deviation that caus€&sctassification. Therefore
our major source for validating the WIC 20#ataset wagprovided by the library of the
Institut NationalD'EtudesDémographique$INED)® and theNational Institute of Statistics
and Economic Studies (INSE®)which shows a reliable fit with our data (categargndB).

Another issue that can occur in the IPUMS dataset are aggregated educatelsal |
that donat allow for disaggregation and harmonization into WAQ15educational categorigs
such cases atbe IPUMS samplefor the Netherlands in 1971 thre United Kingdom in 1991
and 2001.

8 Sourcehttps://international.ipums.org/internatiorsaition/variables/EDUCFR#comparabilisection(accessed)1-12-
2014)

° INED - Institut National D'études Démographiquetip://bibliotheque.web.ined.fr/infos/bibliothequegng

10 |NSEE- National Institute of Statistics and Economic Studietp://www.insee.fr/fr/default.agp
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4.2.2National Statistical Offices (NSO)

With NSO data, w were abld¢o validate54 countries and 12%atapoints out of which almost
half exhibit agoodor rather goodmatching with the WIQ015backprojection datasdisee
Figureb).

Figure5. Validation result for NSO data sources by year and validation category
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Issues that lead to a deviation of the WIC 2@8atasefrom the NSO data are mainly
originating from changes in nationadlucation systems or educational categories surveyed by
the NSOscompaed to the appliebaseyeardatg e.g.in the case of SpaiBefore 1996 Spain
had a5-3-4 education system corresponding to the number of grades in primary, lower and
uppersecondary educatioim the early 199Qsa reform changed it to &4-2 systemSince
we accounted for these changes in the collection and harmonization of histdrication
dataset(Black and Wilian 2005; Remesal 2007), our reconstruction seems to be valid for
Spain. For three other data points, namely Canada 1971, Switzerland 1971, and Latvta 1989
was not possible to account for the cowspgcific validation dueo issues with data
reliability and a clear distinction of national educational categorfesm the ISCED
categories.

The countryspecificeducation @nstion matrix within the WIC2015backprojection
modelis another source of divergengecausét sometimesover-or underestimaes the pace
of thetransition between educational categories. In the case of Hungargrdathucational
attainmentfor the current national bordeaseavailable from 1920 onwards by the Hungarian
Central Statistical OfficéCSO 1992) Additionally, IPUMS provides census microdata from
1970 onwardswhich allows us to validate th&VIC 2015 data for Hungary with two
alternative emirical datasets. Both show a similar patterndivergencein the educational
attainment of the total population of Hungary aged 25 years plus froiageyear 2001
backwards to 1970 (see the case of NSO dafagure 6) that indicates an overestimation of
the transition betweenomplete primaryand lower secondary educatiom the WIC 2015
backprojection model.
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Figure6. Deviation ofthe WIC 2015 dataset to NSO data, Hungary, 1970-2000
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As shown inFigure 6, the WIC 2015model estimates a share of population aged 25
years plus with completed primary education in 1970 with 40 peragrie the NSO dat
reveala share ob2 percent. Thigdivergerte in completed primary educatias mirrored in
the sharewith lower secondary educatiomdirectly affecing the shares inupper and post
secondary education.

4.2.3UNESCO Institute for Statistics (UIS)

UIS has the largest database of data on edu@tattainment witi257 datapointsfor 127
countries.Howeverthe UIS data showhe lowest matching accuracy with the WI€015
datasemnostlydue to the inconsistent codingtbe education categoriesspecially regarding
the classification of completend incomplete educatipand the aggregation or overlapping of
categoriesin general...the UIS was not checking the accuracy of the classification into the ISCED
categories and consistency across (the) different datagBtstancokova, KC, and Goujon 2014,

18)

A good example to illustrate these two issues is the case of Portugal where it is

possible to comparthe four data sources-igure 7 shows, thathe WIC dataset achiesa

good or rather goodmatching accuracy with empirical data sourcesIPUMS and NSO
datased, but not with theUIS. The NSO datgStatistics Portugal 2009a; Statistics Portugal
2009b) conflict with theUIS for instancewith the split betweenncomplete and complete
primary education. This is surprising as the UIS dataset representgdatiom of national
statistics obtained frorthe NSO. The absolute deviation of more than 20 percentage points
from UIS to other dataseresuls in theclassification of tk 1970datapoint in theF category.
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Figure7. Proportion of educational attainment, different sources, population 25 plus, Portugal
1970 to 2000
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The issuewith disentangling or aggregation of incomplete and completed education
categoriess occurringfrequentlyin different variations and intensities the UIS dataset.
Moreover, in the UIS dataset educational categories are very ofteagatgtinto one
category such asncomplete and complete primary educationlower and upper secondary
educationwhich does not allow for a comparison at the level of the six categories available in
the WIC 2015database. The comparison of the WACTL5 dataset with th&JIS is therefore
quite difficult and translates into ong0 datasetsq1.7 percent) with aggoodor rather good
matching accuracy. 147 cases, the difference is above [@#ycentage pointpp) equivalent
to categoryF. In such cases is difficult to check the UIS dataset for correctness as there is
no consistent structure or approach to harmonize the national educational categories.

Figure8. Validation result for UIS data source by year and validation category
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4.3 Comparison with other reconstruction exercises

There areonly few reconstruction exercise$he most widelyusedestimaes of historical
education attainment are the datasets fBarmo & Lee (2013 and earlier versionapd De la
Fuente& Doménech(2006; 2012) Bothdatasetsely onUIS and NSCdata Additionally, the

WIC 2015 backprojectionsbuild upon an earlier reconstruction effort published in Lutz et.al.
(2007) In thefollowing sectiors, we will compare the WIC 201ack-projectionsvith these
three datasetsFurther details on the different reconstruction exercises can be found in
Appendix II.

4.3.1 Comparison with the Lutz et al (2007) dataset

Themain differences between tB807 Lutz et aldatasetand the WIC 2015 datadet in the
methodology(see Sectior?). Lutz et al.used2000 as thebaseyear and had onlyfour
educational categories, namely schoolingprimary, secondary andtertiary educationsee
Table3).

Table3. Categories of educational attainment (Bauer et.al 2012: p.7) [adapted bylauthors

Lutz et.al. (2007) ISCED 1997 WIC (2015)

No level or ISCED 0

No schooling Grade 1 of ISCED 1 not completed No schooling
Incomplete ISCED 1 Incomplete primary
Primary Completed ISCED 1

Incomplete ISCED 2 Completed primary

Completed ISCED 2
Incomplete ISCED 3
Secondary Completed ISCED 3
Incomplete ISCED 4
Completed ISCED 4

Completed lowesecondary

Completed upper secondary

: Postsecondary
Tertiary Completed ISCED 5 & 6

In total it is possible to compare 710 data points for 119 couhtriesn 1970
onwardsfor the two dataset$rom ttose data points, about 210 (@€rcent) are fittinggood
and 147 (2percentyather good

The source for deviations gl other cases originates mainly from fiéerent base
year data, data sources and educatlassdication between the twaatasetsAs shown in
Table 3, the 4 categories used in Lutz et al. are nottormne comparable to the categories
used in the WIC 2015 dataset at the level of semgndnd tertiary educatiomn the 2007
datasethe education categosecondaryincludes ISCED 4 (postecondary notertiary) that
is in the WIC 2015 dataset partdst-secondargducation.

1 TheLutz et al.(2007) dataset includes 120 auies, but Eritrea was disregarded due to data reliability issudseftiase
year.(Bauer et al. 2012)
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Figure9. Validation result for Lutz et.a{2007)by year and validation category
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This affects the comparability of the two datasets and makes it necessgyrégate
the ISCED categories 2 to 6 from the original Lutz et 2007) dataset to allow a direct
lineup of both (seFigurel0in the case of the Czech Republic).

Figurel10. Educational attainment lineup of Lutz et@007) and WIC 2015, Czech
Republic, 1975

Education categories (Lutz et.& 2007) Education categories (WIC 2015)
Lutz et.al. . _
(2007) /| ISCED'97  original / aggregate /
No schooling . None 0.7% . 0.7% 0.9% ENeXIeglele]llgls]
ISCED O 0.2%
Primary 39.1% 39.1% —— i
ISCED 1 0.8% Completed primary
ISCED 2 37.1% Completed lower
secondary
Secondary ISCED 3 53.9% 51.9% Completed upper
60.2% secondary
ISCED 4
Postsecondary
Tertiary ISCED5 &6 6.3%

Some other differences result from the allocation betwamsmpleted primaryand
completed lower secondarwhich in many cases represehtssic or compulsory education
In Lutz et al.(2007b) when the data coulibt be disaggregated between the two categories, it
was allocated as a rule to the lower education catggamyary educationAltogether,we
observe a significant difference between the two datasets in the case of 12gduntr

2 Countries: Bahamas, Czech Republic, Italy, Japan, Jordan, Moldova, Momapniamibia, Nicaragua, Poland, Spain,
and Slovakia
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4.3.2 Comparisomnwith the Barro and Lee (2013) dataset

The Barro & Lee datasets(1993, 2001, 2010 and 2013re the most widely used
reconstructed datasedn past levels of education. (Barro and Lee 1993; Barro and Lee 2001;
Barro and Lee 2010; Barro and Lee 20TBEey have addressed the issue of reconstructing
time series of the complete age, sex, and levels of educational attamaterntto the year
2013 by using thePerpetual Inventory Method (PIMjo translate enrolment data into
educational attainment to fill time gaps in attainment data for the second ha# @fth
century.

In their latest revision, Barr& Lee (2013) updated their methodology to one
resembling our approach of using the stability of education along cohort lines, amingss
differential nortality by education for the population agedy&ars plusThereby the authors
estimated survival ratios by distinguishing between two broad educational geolgsss
educated population (uneducated and people who have reached the primary level) ard a more
educated population (reached at least secondary sopas well asfor broad groups of
OECD and nor@ECD countries.

Their approach is based time collection of empirical data points, mainly frdshS
and national censuses fa@cent yearsThey deal with the occurring issue of aggregated and
overlapping educational categories by applying decomposition methods on the basis of
enrolment data to split up the broader groups of educational attainmentuntddsses: no
formal education, primary, secondary, and tertiary education. By the mean ofpéetiam
ratio, they disaggregate these 4 categories into 7.

Based on their data poinBarro & Lee (2013) interpolate/extrapolate the population
by age and education between/frempirical data points forand backwardTheir dataset
includes stimates for 146 coutries including 12 countriéd that are not listed in the WIC
2015 dataset, mainly for the reasbattthose datasets are either hardly available from NSOs,
the countries haveopulation beneath 100,000 the data is of limited reliability.

Beside the sage of unharmonized educational dedan UIS, anothemajor drawback
of the Barro& Lee approach is the decomposition metlapgpliedto separate incomplete
from completel education levels that causes several oddities in the time sagiés Belize,
Bolivia, Brazil, Mozambique, Senegal, South Africa, Swaziland. For instamd¢kgicase of
Brazil, a country that provides detailed time series via NSO and IPUMS,attie 8 Lee
dataseshows a doubling ahcomplete primargducation from 1970 to 1975 and in the same
period a decrease ocbmplete primaryeducation from 1®ercentto 4 percent From 1980 to
1985 the share of people aged 25 years plus with completed primary education suddenly
guadruples again to almost @ércent(seeFigurel1l).

One major drawback of th exerciseis that the authors incorporated the data as
collected and reported to UIS by national organizations without questioning. them
Nevertheless, Barro and Lekow awareness for mapyoblens, so br exampldor thewell-
documented tendenaf overteporting in school enrolment data in developing countries, a
result offinancial advantages for reporting schools or school districts.

13 CountriesAfghanistan, Barbados, Brunei, Botswana, Fiji, Libya, MauritarapuB New Guinea, Sri Lanka, Taiwan,
Togo, and Yemen
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Figurell. Total population aged 25 years plus by education, Brazil, 1970¢(2a8i® and
Lee 2013)authors illustration]
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The example of Brazil inat an isolated case but rather an iadiicn ofa more general
problemin the Barro& Leeestimates and problehes in their confidence in th@ccuracy of
theUIS dataset. This becomes especially an issueountries for whictihe reconstructions
based onjust one or two data points, whicls the cas for 79 countries out of 146.
Additionally, themethod to decompose incomplete and comgliteels extend the flaw®
the source dat@Bauer et al. 2012; Potancokova, KC, and Goujon 2014).

These amongother factorscause thealiscrepancies between tiéiC 2015andBarro
& Lee (2013)datasetsSummarizing out of the 134 countries ai@®3 data pointsavailable
for comparison, onl\L62 data pointor 18percent show an absolute difference of less than 5
pp (categoriesA [47] and B [115)). As shown inFigure 12, the vast majority othe 468
comparable data points dewatby more than 1(p in one or more educational categories
(categorie® [270Q] andF [19])).

Figurel2. Validation result for Barro and Lee (2013)

£ 160

S
1970 1975 1980 1985 1990 1995 2000 2005 2010

(=]
Y 140

120 -

100 -

00000

5A mB uC mD mF

24



4.3.3Comparison with theDe La Fuenteand Doménech (2012) daset

De la Fuente& Doménech(2000; 2012)adapt the methods fro@ohen & Soto (2007) and
Barro& Lee(2010) to interpolate/extrapolate backward and forward by adding misaeigne
information and their professional judgmednt create a smooth time series of educational
attainmentfor 6 education categoritsor the population 2§ears plus in some 20ECD
countries for the period 1960-20Ixhereby the authors state themselves that:

“... the construction of our series involves a fair amount of guagsyo.) Hence, we have found
it preferable to rely on judgment to try to piece together the availalidemation in a coherent
manner than to take for granted the accuracy of the primary déthe’la Fuente and Doménech
2012, 3)

The authors revised and extended their already published data set (de la Fuente and
Doménech 2000; de la Fuente and Doméne€it @ 2012, which will further be named as
DF2012.

In generalde la Fuente & Doménedvllecteddata on educational attainment, years
of schooling and qualification levels from censuses, surveys (mainly LFS3temsgand
statistical yearbooks to convert the given data to their educationabgategn the case of
missing categories the authors apgthe shares of oth@vailabledata points or proportional
thresholds based on their expert opinion.

For earlier periods théhey useda backprojecticn method described in Cohen and
Soto (2007) that assumeés. that individual school attainment does not change over time once
agents reach the age of 25 (which is probably a rather good approximation), that there are no
migration flows (or that migrants have the same educational level as shefréhe population) and
that survival probabilities are independent of educational attainment, then the cheeatienal level
of a given 25+ cohort remains constant over tim@e la Fuente and Doménech 2012, 5f)

These assumptions are the base of thagkprojection methodwhich is different
from the WIC 2015 methods they are estimatirthe education structure of the population
aged 25 years plus for an early data point in their time series. The othergndat points
are basically resulting from a basic linear interpolation and extrapolatiomidqee to estimate
the educational shares for the population 25 years plus.

Despite the similarities in the number and characteristics of the educationrieatego
the WIC 2015 dataseindthe DF 2013&ataset hardly matdiecausé8 of the 142 data points
fall in the categorypD or F (seeFigure13). SinceDe la Fuente and Doménech (2012) provide
an exhaustive documentation on country specific datasets, sources and estimttaus nie
enable a detailedcomparison with the WIC 2015 dataset. We compared 142 data points for
the 21 countries that are in the WIC 2015 dataset.

14 Categories: llliterates, Primary schooling, Lower secondary schodlioer secondary schooling, Higher education/first
cycle or shorpostsecondary courses, Higher education/second cycle defigth courses (de la Fuente and Doménech
2012, 3)
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Figure13. Validation result for de la Fuente & Doménech (2012)
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The major reasons for the deviationswestn the two datasets are based in the
processing and harmonization of the available educational data as basisnfptife data
gaps. There are several examples where different data sdikeesurveysare used and/or
the given educational class#ittons aranot consistently transposed into thE2012dataset

In the case oAustraliaandNew Zealandle la Fuente &doménechare using census
information on posschool qualifications and data on school leaving ages, both indicators by
age and sex, to estimate the educational attainment structure for the availableyearsus
Depending on the indicated age leavingschool and the information about tlsehool
duration in the country specific education system, the authors allocate the people to the
educational categies primary schoolinglower secondary and upper secondaijith the
information on the qualification level of the population by age and sex it is possible to
estimate the amourndf people with apprenticeships, short vocational ingirand higher
education.

The obviousrisk of this approachs to misallocaé schoolrepeaters; however this
concerns a small share ibfe populatiorand results in minor erroA muchgreaterissue is
thetreatmenbf peoplein different age groups witnknownor not statedjualification (up to
37 percent)or year/age aleaving school (up to 1fiercentABS 1986).

Another source for deviations in the share of educational attainment betweem the tw
datasets ispparently different educatidmarmonization approachesherebyDF2012 does
not always use the ISCED classificatidike in the case athe NetherlandgseeFigure 14).
This can lead to a mismatch in the allocation of educational categories into the DF2012
categories. For instander 2001 [OF2012 useghe LFS 2001 forthe Netherlands and the
national educational categories, namely the SOI categories, that compierdiffSCED
categories that belong to upper secondary andgsasindary groups. The SOI classification
does noallow a clear distinction between single ISCED categd¢Bebaart, Bernelot Moens,
and Westerman 200&nd is therefore hardly comparable to the harmonized WIC 2015
categoriegBauer et al. 2012).
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Figurel4. The population blevel of educational achievement in the Netherlands 2001
(DF2012 vs WIC2015)authors illustration]

Education categories (LFS 2001) o] ISCED '97 DF2012 el

Primary education SOl | &2 ISCED O & | LI 11.4% FCRs
Vmbo, mbol, avo onderbouw SOl 3 ISCED2 &3C L2.1 242%,
ISCED 3A & |
Mbo 2 en3 SOl 4.1 &4.2 3c |
Havo, I
ISCED 3A, 4B, |
vwo, Mbo 4 SOl 4.3 L2.2 40.4%,
4C, 5A I
mbo i
ISCED 3A, 3C, |
Havo, vwo SOl 4.2 & 4.3 |
4B, 4C, 5A L
Hbo, wo bachelor SOl 5 ISCED 5A & 5B !
L3 235%!
WO masters, doctor SOl 6 &7 ISCED 5A &6 :
Unknown level of education Unknown unk 0.5% :

Note WIC2015 - (el) no education, (el) incomplete primary education, (e2) completed
primary education, (e3) lower secondary education, (e5) upper secondary edud@tioostte
secondary education, (unk) unknown | DF20XR0) llliterates, (L1) Primary schooling,

(L2.1) Lower secondary schooling, (L2.2) Upper secondary schooling, (L3.1)rHighe
education, first cycle or short post-secondary courses, (L3.2) Higher education, setend cy
or full-length coursegSource: de la Fuente and Doménech 2012, 3)

Apart from the different approaches in compiling, harmonizing and processthg of
empirical data sets used, the differences get extended due to the use of a linedatinterp
methodin the DF2012 dataséb estimate missing data points and the smoothing of the time
series due to countrgpecific correction factors

5 Conclusion

The measurement of educational attainment on a globally comparable scale has aways be
problem dueto internationallyinconsistentclassification and diverse national ediuma
systems. [Bspiteisolatedattemptso standardize levels of educational attainment e.g. ISCED
1997 the discrepancies brought by differences in categorization acrossiesuamtd times
have persistegparticularlyin earlieryears The WIC 20150ackprojection exerciseas other
reconstruction worksattemps at overcoming thse issues and creatirmgnsistent timeseries

of educational attainment by age and s&k.problemshave not been surmounted, lbé
validation shows thaour effort certanly addresed the main issues anddoptsclear and
systematic measures to overcome them

These measures unite a comprehensive approach to harmstizealandbaseyear
data in terms of educational attainmeahd a methodology to reconstruct the edtional
attainment for 171 countries and validate and evaluate the outcome with empiricdlhita
approach makes this dataset unique and hardly comparable with other appré&sgches.
validating the WIC 2015 data series with globally collectedrarchonized empirical data we
can show the accuracy but also the insufficienciekis dataset.

This paper contains the validation othe WIC 2015 dataseton the estimated
educational composition by age and $ex 171 countries from 1%/ up to the counyr
specific baseear with 339 empirical historical dataset&xcluding duplicates from other
sources)’ for 138 countrie$81 percent of all 171 countriegjhis corresponds to a coverage

1%1n total it was possible to collect and harmonize 519 data points. After exglddplicates, which could occur due the
availability of edweational data for one country in a certain period from different data sourcesyheédamtify 339
empirical data points with high data reliability for the validation of the WIC 2{at&set.
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of 30 percent of the overall potential 1148 data points in the period 1970 up to thgehase
In total, about 16 data pointor 47 percent show goodor rather goodfitting accuracy wih
empirical data, while with 38ata points abolf percent show a very high deviation amere
therefore classifieth categoryF (seeFigurelb).

Figurel5. Validation Result for all data sources by year and validation category
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The fitting accuracy of the WIC 2015 dataset with empirical datasets is thegbly h
influenced by the datarigin. While for NSO and IPUMS data the concordance to the WIC
2015 iswith respectively50 and 53 percent of the data points in the categgoesl (A) or
rather good(B) is very high, the UIS data showe lower accuracy of about 27 percent in
those categories.

At the same timgust about 2or 7 percenbf NSO or IPUMS data had to be classified
as category, which makes up a very small proportion compared to UIS data, where about 18
percent hd to be assigned to this categqisee Figure 16). Again, this highlights the
unsatisfactory data quality of the UIS dataset and shows that it should be usedutidn.

Figurel6. Validation Result by data sources and proportion data points by validation category

Data points:
NSO . 22% 29% . 31% | 1% 2% 125
IPUMS 18% | 35% 25% 15% 7% 137
uis 10% 17% W% 25% | 18% 257

Category: A B C D F

J .. marks the highest share of the validation category (A, B, C, D, F) across data sources
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In general it was possible to achieve a very high matching accuracy of the Q¥/8C
dataset with empirical datasets frof®O, IPUMS and UISwhich brings usone step clser
to the harmonizationof levels of educational attainment of the global population. What
remains to be done is to enhance the data collection and classification eHpésiaky
beyond the 1970s to draw a picture of the global educational develofamére 20" century
in order tdofill the gaps in the availability of data.

Education is a key indicator for appraising the level of socio-economic dewatopim
the population in a country. In turn, its measurement can indicate economic tiagaduild
adaptability of societies for instance to climate change related disastenefore, the
creation of a comprehensive harmonized dataset on levels of educational attéipraget
and sex can have an important additional value either for pwoladers,scientistsand
therefore for the wider publién this study we did not further decompose the reasons for the
discrepancies between the reconstructed data and other sources of valid dataouldich
have been due to irregular educatgpecific migrationor mortality patterns of unusual
patterns of age-specific education progressions. This will be the topic of a sutistgdeg.

At the time of finishing this reporthe WIC2015datasetill be available online in the
Wittgenstein Data Explorét We plan toregularlyupdate théuistoricaldataset and thenline
WIC 2015 back-projectiodatabase
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7 Appendix | - Country Data Documentation

7.1 Appendix la — Country -Specific Documentation by Year

Table4. Availability of educational attainment from empiricansus/survey data by country and year

IPUMS NSO uls Others
_ Empirical census/survey year
Reglorfcountry Notes 1970 1975 1980 1985 1990 1995 2000 2005 2010 Source
Africa
Angola (A) -
Burundi (B,D) 1 1990
(B,D) 1 2010 Others: DHS
Benin (B,C,D) | 2 1979 1992
(B,C,D) 1 2006 Others: DHS
Burkina Faso -- 2 1985 1996
- 1 2006
Botswana (A) -
Central African
Republic (B,C,D) | 2 1975 1988
(B,C,D) | 1 1995 Others: DHS
Cote d'lvoire (B,C,D) | 1 1988
(B,C,D) | 1 2005 Others: DHS
Cameroon (B,D) @2 1976 1987
(B,D) 1 1976
(B,D) |1 2004 Others: DHS
Congo DR (B,C,D) | 1 1984
(B,C,D) | 1 2007 Others: DHS
Congo (B,C,D) | 1 1984
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Empirical census/survey year

Regioricountry Notes Source
1970 1975 1980 1985 1990 1995 2000 2005 2010
(B,C,D) | 1 2005 Others: DHS
Comoros (G) 1 1996 Others: DHS
Cape Verde (G) 1 2000
Algeria (B,D) |1 1987
(B,D) 1 1971
(B,D) 1 2002 Others: PAPFAM
Egypt (G) 1 2006
Ethiopia (G) 1 2011 Others: DHS
Gabon (G) 1 2000 Others: DHS
Ghana (B,C,D) | 1 2000
(B,C,D) 1 1970
Guinea (F 2 1983 1996
Gambia (B,C,D) | 1 1973
(B,C,D) | 1 2000 Others: UNICEF
GuineaBissau (G) 1 2000 Others: UNICEF
Equatorial Guinea (G) 1 2000 Others: UNICEF
Kenya (F) 4 1969 1979 1989 1999
(F) 2 1969 1979
(B, C, D,
Liberia F) 1 1974
(B, C, D,
F) 1 2007 Others: DHS
Libya (A) -
Lesotho B,F) |1 1976
(B,F) |1 2009 Others: DHS
Morocco -- 2 1994 2004
-- 1 1971
Madagascar (G) 1 2008 Others: DHS
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Empirical census/survey year

Regiorfcountry Notes 1970 1975 1980 1985 1990 1995 2000 2005 2010 Source
Mali -- 2 1987 1998
-- 1 1976
Mozambique (B,C,D) 1 2007
(B,C,D) 1 1980
Mauritania (A) -
Mauritius (B,D) 1 2000
(B,D) 3 1972 1983 1990
Malawi (B,D) 2 1987 2008
(B,D) 2 1977 1987
Namibia (B,C,D) | 1 1991
(B,C,D) | 1 2007 Others: DHS
Niger (B,C,D) 1 1977
(B,C,D) | 1 2006 Others: DHS
Nigeria (G) 1 2008 Others: DHS
Reunion (G) 1 2008
Rwanda (B,F) |2 1991 2002
(B,F) 1 1978
Sudan (B,F) 1 2008
B,F) 1 1983
Senegal -- 2 1988 2002
Sierra Leone (G) 1 2004
Somalia (G) 1 2006 Others: UNICEF
Sao Tome & Principe | (B,C,D) 1 1981
(B,C,D) 1 2009 Others: DHS
Swaziland (B,D) | 2 1976 1986
(B,D) 1 2006 Others: DHS
Chad (G) 1 2004 Others: DHS
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Redior . Not " Empirical census/survey year Source
untr otes
egloncountry 1970 1975 1980 1985 1990 1995 2000 2005 2010

Togo (A) -
Tunisia (B,D) |1 2010
(B,D) | 3 1975 1980 1984
Tanzania (B,F) |2 1988 2002
B,F) 1 1988
Uganda (D) 2 1991 2002
(D) 1 1991
South Africa (B,C,D) 2 1996 2001
(B,C,D) 1 2007
(B,C,D) 3 1970 1980 1985
(B, C, D,
Zambia F) 3 1969 1980 1990
(B, C, D,
F) 1 2002 Others: DHS
Zimbabwe - 1 1992
-- 1 2005 Others: DHS
Asia
Afghanistan (A) -
United Arab Emirates (B,C,D) 1 2005
(B,C,D) 1 1975
Armenia (G) 1 2001
Azerbaijan (G) 1 2006 Others: DHS
Bangladesh (E,F) |2 1991 2001
(E,F) 2 1974 1981
(E,F) 1 2004 Others: DHS
Bahrain (B,F) |1 2001
B,F) 2 1971 1991
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Redior] ) Notes Empirical census/survey year Source
oricountr 0
el y 1970 1975 1980 1985 1990 1995 2000 2005 2010

Brunei (A) -
Bhutan (G) 1 2005
China (B,D) 2 1982 1990
(B,D) 2 1982 1990
(B,D) 1 2005 Others: NPS
Cyprus (G) 1 1992
(G) 1 2001 Others: EUROSTAT
Georgia (G) 1 2002
Hong Kong (B,D) @2 2001 2006
(B,D) 6 1971 1976 1981 1986 1991 1996
Indonesia (D) 8 1971 1976 1980 1985 1990 1995 2000 2005
(D) 1 2010
(D) 3 1971 1980 1990
India (D) 3 1983 1987 1993
(D) 2 1971 2001
(D) 2 1971 1981
Iran (G) 1 2006
Iraq (G) 1 1997
Israel (B,D,E) 3| 1972 1983 1995
(B,D,E) 4 1972 1982 1983 2004
Jordan (G) 1 2004
Japan (F) 4 1970 1980 1990 2010
(F) 3 1970 1980 1990
Kazakhstan (G) 1 2009
(G) 1 1989
Kyrgyzstan (G) 1 1999
Cambodia (G) 1 2008
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Empirical census/survey year

Regiorfcountry Notes 1970 1975 1980 1985 1990 1995 2000 2005 2010 Source
South Korea (F) 7 1970 1975 1980 1985 1990 1995 2010
(F) 6 1970 1975 1980 1985 1990 1995
Kuwait (B,D) |1 2005
(B,D) 5 1970 1975 1980 1985 1988
Laos (G) 1 2005 Others: UNFPA
(B, C, D,
Lebanon F) 1 2007
(B, C, D,
F) 1 1970
Sri Lanka (A) -
Macau (B,C,D) 1 2006
(B,C,D) 2 1970 1991
Maldives (G) 1 2006
(G) 1 1990
Myanmar (B,C,D) | 2 1973 1983
(B,C,D) 1 2007 Others: UNFPA
Mongolia (P 2 1989 2000
Malaysia (F 3 1970 1980 1991
(F) 4 1970 1980 1991 2000
(F) 3 1980 1991 1996
Nepal (P 1 2001
(F) 2 1971 1981
Oman (A) -
Pakistan (D) 3 1973 1981 1998
(D) 3 1972 1981 1990
Philippines (B,D) 3 1990 1995 2000
(B,D) 4 1970 1975 1980 1990
Palestine (G) 1 2007
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Empirical census/survey year

Regiorfcountry Notes 1970 1975 1980 1985 1990 1995 2000 2005 2010 Source
Qatar (B,C,D) | 1 2010
(B,C,D) 1 1986
Saudi Arabia (G) 1 2004
Singapore (B,D,F) 1 2010
(B,D,F) 3 1980 1990 1995
Syria (D) 4 1970 1981 1994 2004
(D) 1 1970
Thailand -- 3 1970 1980 1990
-- 1 2000
-- 2 1970 1980
Tajikistan (B,C,D) 1 1989
(B,C,D) 1 2009 Others: WB
Turkmenistan (G) 1 1995
Timor-Leste (G) 1 2009 Others: DHS
Turkey (B) 2 1985 1990
(B) 4 1975 1980 1985 1993
(B) 1 2000 Others: EUROSTAT
Uzbekistan (A) -
Viet Nam (B,C,D) 3 1989 1999 2009
(B,C,D) 2 1979 1989
Europe
Others: WORLD
Albania (G) 1 2002 BANK
Austria (B,D) 4 1971 1981 1991 2001
(B,D) 5 1971 1981 1991 2001 2008
(B,D) 3 1971 1981 1991
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Empirical census/survey year

Regiorfcountry Notes 1970 1975 1980 1985 1990 1995 2000 2005 2010 Source
Belgium (B,C,D) 3 1981 1991 2001
(B,C,D)| 1 1970
Bulgaria (B,D) |1 2001
(B,D) 2 1975 1992
BosniaHerzegovina (D) 2 1971 2010
Belarus (B,C,D) | 1 1999
(B,C,D) 1 1989
Switzerland (B) 3 1970 1980 1990
(B) 4 1970 1980 1990 2000
(B) 2 1970 1980
Czech Republic (P 2 1980 1991
(F) 1 1991
(F) 1 2001 Others: EUROSTAT
Germany (B,D) 1 1971
(8,D) 1 2010
Denmark - 1 1991
-- 1 2001 Others: EUROSTAT
Spain (F) 2 1981 1991
(F) 3 1970 1981 1991
(F) 4| 1970 1981 1986 1991
(F) 1 2001 Others: EUROSTAT
Estonia (B,D) |4 1970 1979 1989 2000
(B,D) 1 1989
Finland (B) 7 1970 1975 1980 1985 1990 1995 2009
(B) 2 1985 1990
France -- 6 1968 1975 1982 1990 1999 2006
-- 6 1968 1975 1982 1990 1999 2008
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Empirical census/survey year

Regiorfcountry Notes 1970 1975 1980 1985 1990 1995 2000 2005 2010 Source
-- 1 1990
United Kingdom (G) 1 2001
Greece -- 3| 1971 1981 1991
-- 2 1981 1991
-- 1 2001 Others: EUROSTAT
Croatia (B,D) 2 1971 2001
(B,D) 2 1991 1997
Hungary (F) 4 1970 1980 1990 2001
(F) 3 1970 1980 1990
(F) 3 1970 1980 1990
Ireland (8,D) 4 1971 1979 1991 1996
(B,D) 4 1971 1981 1991 1996
(B,D) 3 1971 1981 1991
(B,D) 1 2002 Others: EUROSTAT
Iceland (G) 1 2010
ltaly -- 3 1971 1981 1991
-- 2 1971 1981
-- 1 2001 Others: EUROSTAT
Liechtenstein (A) -
Lithuania (B,D) 1 2001
(B,D) 1 1989
Luxembourg (B,D) |1 1991
(B,D) 1 2001 Others: EUROSTAT
Latvia (B,C,D) 1 1988
(B,C,D) 1 2000 Others: EUROSTAT
Moldova (B,D,F) 1 2004
(B,D,F) 1 1989
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Empirical census/survey year

Regiorfcountry Notes 1970 1975 1980 1985 1990 1995 2000 2005 2010 Source
(B, D, E,
Macedonia F) 1 2008
(B, D, E,
F) 1 1994
Malta (G) 1 2010
Montenegro (G) 2| 1971 2003
Netherlands (B) 1 1971
(B) 1 1971
(B) 1 2001 Others:EUROSTAT
Norway (F) 5 1970 1980 1990 2000 2010
(F) 4 1970 1975 1980 1990
Poland (B,D) 3 1970 1978 1988
(B,D) |1 2002 Others: EUROSTAT
Portugal (F) 3 1981 1991 2001
(F) 3 1970 1981 1991
Romania (F) 2 1977 1992
(F) 2 1977 1992
(F) 1 2002 Others: EUROSTAT
Russia (B,D) 1 2002
(B,D) 1 1989
Serbia (G) 2 1971 2002
Slovakia (8,D) | 3| 1970 1980 2001
(B,D) 1 1991
Slovenia (B,D) 3 1971 1981 2002
(8,D) 1 1991
Sweden (F) 6 1985 1991 1995 2001 2005 2010
Ukraine (G) 1 2001
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Empirical census/survey year

Regiorfcountry Notes 1970 1975 1980 1985 1990 1995 2000 2005 2010 Source
Latin America and the Caribbean
Aruba (B,C,D) 1 2010
(B,C,D) 1 1991
Netherlands Antilles (G) 1 2001
(G) 6 1971 1975 1981 1987 1988 1995
Argentina (B,D) 3 1970 1980 1991
(8,D) | 3| 1970 1980 1991
(B,D) |1 2001 Others: CELADE
(B, C, D,
Bahamas E) 1 1990
(B, C, D,
E) 1 2000 Others: CARICOM
(B, D, E,
Belize F) 3 1970 1980 1991
(B, D, E,
F) 1 2000 Others: CELADE
Bolivia (F) 3 1976 1992 2001
(P 2 1976 1992
Brazil (B,D) | 4| 1970 1980 1991 2000
(8,D) 1 2010
(8,D) | 3| 1970 1976 1980
Barbados (A) -
Chile (B,D,F) | 3| 1970 1982 1992
(B,D,F) | 2| 1970 1992
(B,D,F) 3 1970 1982 1992
(B,D,F) 1 2002 Others: CELADE
Colombia (F) 3 1973 1985 1993
(P 1 1993
(P 1 2005 Others: CELADE
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Empirical census/survey year

Regioricountry Notes Source
1970 1975 1980 1985 1990 1995 2000 2005 2010
Costa Rica (F) 2 1973 1984
(F) 2 1968 1973
(F 1 2000 Others: CELADE
Cuba (G) 1 2002
Dominica (A) -
Dominican Republic (B,C,D) 1| 1970
(B,C,D) 1 2002 Others: CELADE
Ecuador (P 3 1974 1982 1990
(F) 3 1974 1982 1990
(F) 1 2001 Others:CELADE
Guadeloupe (B,C,D) 1 2008
(B,C,D) 1 1982
Grenada (A) -
Guatemala - 2 1973 1981
-- 1 2002 Others: OTHER
French Guiana (B,C,D) 1 2008
(B,C,D) 1 1982
Guyana (B,D) 1 2002
(B,D) 2 1970 1980
Honduras (B,F) 2 1974 1983
(B,F) 1 2001 Others: CELADE
Haiti (B,D) 2 1971 1982
(B,D) 3 1971 1982 1986
(B,D) |1 2005 Others: DHS
Jamaica (B,D) | 2 1982 1991
(B,D) 3 1970 1982 1991
(B,D) 1 2001 Others: CARICOM

44



Empirical census/survey year

Regiorfcountry Notes 1970 1975 1980 1985 1990 1995 2000 2005 2010 Source
Saint Lucia (B,D,F) 2 1980 1991
(B,D,F) 3 1970 1980 1991
(B,D,F) 1 2001 Others: CARICOM
Mexico (F) 6 1970 1980 1990 1995 2000 2005
(F) 1 2010
(F) 2 1980 1990
Martinique (G) 1 2008
(G) 1 1982
Nicaragua (P 2 1971 1995
(F) 1 1971
(P 1 2005 Others: CELADE
Panama (F) 4 1970 1980 1990 2000
(F) 3 1970 1980 1990
(P 1 2010 Others: CELADE
Peru (B,D) |2 1993 2007
(B,D) 3| 1972 1981 1993
Puerto Rico (F) 4 1970 1980 1990 2000
(F) 3 1970 1980 1990
Paraguay (B,D) 2| 1972 1982
(B,D) 1 2002 Others: CELADE
El Salvador - 1 1992
-- 2 1971 1992
-- 1 2007 Others: CELADE
Suriname (G) 1 2004 Others: CARICOM
Trinidad & Tobago (B,C,D) 3| 1970 1980 1990
(B,C,D) | 1 2000 Others: CARICOM
Uruguay (B,D) 4 1975 1985 1996 2006

45



Empirical census/survey year

Regiorfcountry Notes 1970 1975 1980 1985 1990 1995 2000 2005 2010 Source
(B,D) 3 1975 1985 1996
Saint Vincent (8,D) | 2| 1970 1980
(B,D) 1 2001 Others: CARICOM
Venezuela (B,D,F) 4 1971 1981 1990 2001
(B,D,F) 3 1971 1981 1990
United States Virgin Is (A) -
Northern America
Bermuda (A) -
Canada (B,D,F) 3 1971 1981 1991
(B,D,F) 4 1971 1981 1991 2001
(B,D,F) 5 1970 1976 1981 1986 1991
United States (E,F) ' 5 1970 1980 1990 2000 2005
(E,F) ' 5 1970 1975 1979 1990 1994
Oceania
American Samoa (A) -
Australia (B,D) 1 2006
(8,D) |1, 1971
Fiji (A) -
Guam (A) -
Kiribati (A) -
New Caledonia (B,C,D) 1 2009
(B,C,D) 1 1989
New Zealand (B,C,D) | 1 2001
(B,C,D) 2 1981 1991
French Polynesia (G) 1 2007
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Redior] ) Notes Empirical census/survey year Source
egioricountr
g y 1970 1975 1980 1985 1990 1995 2000 2005 2010

Tonga (B,C,D) | 1 2006
(B,C,D) 1 1986

Vanuatu (B,C,D) 1 2009
(B,C,D) 1 1979

Samoa (B,C,D) 1 2001
(B,C,D) 3 1971 1976 1981

Note (A) No baseyear data, (B) Educational categorization in empirical data or its allocatio@ EDI$happing is not clear due to aggregatd
education groups, (ACA is not possible due to missing time series anaiggregated age groups, (D) Data reliability, (E) Migration impact on
the country-specific education distribution, (F) Transition model issue, and (G) tdodaikdatasets found for validation process;
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7.2 Appendix Ib — Country -Specific Documentation with Comments
Table5. Documentation on validation of WIC 2015ampiricd census data by country

Region/country From... to... Notes Comments
Africa
Angola - - (A) No baseyeardata.
_ Educational categorization in empirical data or its allocation®&[3 mapping is not clear due
Burundi 2010 1990 B.D) | to aggregation of education groups. Data reliability issues in one or marpdadiats.
Educational categorization in empirical data or its allocation®&E[3 mapping is not clear due
to aggregation of education group€CA is not possible due to missing time series and/or
. aggregated age groups. Data reliability issues in one or morpadats. Comparison of UIS to
Benin 2006 1979 ®.C.D) WIC indicates an overestimation of educational transition from ‘no educadiGntbmplete
ISCED 1'. But this cannot be proven with an ACA due the lack of comparable@gesgn the
UIS time series.
Burkina Faso 2006 1985 -
Botswana - - (A) No baseyeardata.
_ Educational categorization in empirical data or its allocation @[3 mapping is not clear due
Central African 1995 1975 (8.c,D) !0 aggregation of education groupEA is not possible due tmissing time series and/or
Republic aggregated age groups. Data reliability issues in one or more data points.
Educational categorization in empirical data or its allocation®&E[3 mapping is not clear due
Cote d'Ivoire 2005 1988 (B, c, D) o aggregation of edation groupsACA is not possible due to missing time series and/or
aggregated age groups. Data reliability issues in one or more data points.
Educational categorization in empirical data or its allocation to 5@&pping imot clear due
to aggregation of education groups. Data reliability issues in one or marpailats The back
Cameroon 2004 1976 (8.D) projection is based on DHS bagear datavhich differ from the PUMS dataset for Cameroon

Census 200%published in 2013)It is recommended to chantfe baseyeardata from DHS to
the IPUMS dataseén the next round of the bagicojection.
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Region/country From... to... Notes Comments

Educational categorization in empirical data or its allocation @[3 mapping is not clear due
to aggregation of education group€CA is not possible due to missing time series and/or
Congo DR 2007 1984 | (B,C,D) | aggregated age groups. Data reliability issues in one or morpaiata The backprojection is
based on DHS baggear datavhich showsoverweighedshares of the population in thigher
educational groups.
Educational categorization in empirical data or its allocation®&E[3 mapping is not clear due
to aggregation of education group&CA is not possible due to missing time series and/or
Congo 2005 1984 | (B,C,D) | aggregated age groups. Data reliability issues in one or more d&ta Ple backprojection is
based on DHS base-year data which shows overweighed shares of the populatibighethe
educational groups.
Comoros 1996 1996 (G) No historical datasets found for validation process.

Cape Verde 2000 2000 (G) No historical datasets found for validation process.

Educational categorization in empirical data or its allocation @[3 mapping is not clear due
to aggregation of education groups. Data reliability issues in one or marpdilatts. The ACA
on the UIS data for 1966 and 1971 indicates the correctness of the UIS datahdlii®ug
Algeria 2002 1971 (B,D) | aggregatesicompleteandcomplete primaryeducation into primary education, dogver and
upper secondargducation into secondary education. From the ACA it looks like the WIC model
overestimates the transition from "no education” into "primary educati

Egypt 2006 2006 (G) No historical datasets found for validation process.
Ethiopia 2011 2011 (G) No historical datasets found for validation process.
Gabon 2000 2000 (G) No historical datasets found for validation process.
Educational categorization in empirical data or its allocation @[3 mapping is not clear due
Ghana 2000 1970 ®,c,D) 10 aggregation of education group&A is not possibleue to missing time series and/or

aggregated age groups. Data reliability issues in one or more data points.

, Transition model issud.he ACA indicates a slight underestimation of educational transitoon
Guinea 1996 1983 ) "no education” técompleted primary" education
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Region/country From... to... Notes Comments

Educational categorization in empirical data or its allocation @[3 mapping is not clear due
to aggregation of education group€CA is not possible due to missing time series and/or
aggregateage groupsData reliability issues in one or more data poidtS. categories show a

i B,C,D . ) . . . . ; ,
Gambia 2000 1973 ) higher share in "no education" to the disadvantage of "incomplete ptiedugation, with is
most likely dueto the insufficient split of incomplete and complete edioceat levels.
GuineaBissau 2000 2000 (G) No historical datasets found for validation process.
Equatorial Guinea 2000 2000 (G) No historical datasets found for validation process.
Transition model issudhe ACA indicates that th&/IC model overestimates the pace of
Kenya 1999 1969 G educational transition from "no education” to "lower secondary" education¥®69 to 2009.
Educational categorization in empirical data or its allocation@E[3 mapping is not clear du
to aggregation of education group€CA is not possible due to missing time series and/or
aggregated age groups. Data reliability issues in one or more data pantstion model issue.
UIS categorization for 1970 is not clear and deviates fvaakprojectionmodel, especially in
o (B.C.D the categories below ‘ISCED 1'. As there is no ACA possible the deviatiod oesilt from a
Liberia 2007 1974 ') | lack of data accuracy from UIS emore realistially as UIS provides here 6 categoriethat the

transition model underestimates the transition since 1974 from ‘no educatit$CteD 1'. DHS
used forbaseyear2007 vastly deviates from NSO census 2008 data, e.g. for ‘no education’ DHS
states for population 25 years plus around 80.8 percent and NSO around 55.3 percent.

Libya - - (A) No baseyeardata.
Educational categorization in empirical data or its allocation @[3 mapping is not clear due
to aggregation of education groups. Transition model iweACA is difficult toimplement
Lesotho 2009 1976 (B.F) | due tothe timelag between thelata pointsbut it indicates that the model slightly underestimates
the pace of transition from lower to higher education.

Morocco 2004 1971 -- --
Madagascar 2008 2008 (G) No historical datasets found for validation process.
Mali 1998 1976 - --
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Region/country

From...

to...

Notes

Comments

Mozambique

Mauritania

Mauritius

Malawi

Namibia

Niger

Nigeria
Reunion

Rwanda

2007

2000

2008

2007

2006

2008
2008

2002

1980

1972

1977

1991

1977

2008
2008

1978

(B, C, D)

Q)

(B,D)

(B,D)

(B, C, D)

(B, C, D)

(©)
(©)

(B, F)

Educational categorization in empirical data or its allocation @[3 mapping is not clear due
to aggregation of education group€CA is not possible due to missing time series and/or
aggregated aggroups Data reliability issues in one or more data poidtS. categorization is not
clear and deviates from bapkojection model. ACA gives no results as UIS provides not
plausible age specific educational data for 1980 with for instance 89 pefedin25 to 34 year
old having ‘no education’, but with just 65.6 percent in the broader age group 35 to 54 years

No baseyeardata.

Educational categorization in empirical data or its allocation®&E[3 mapping is not clear due
to aggregation of education groups. Data reliability issues in one or marpaitats.

Educational categorization in empirical data or its allocation®&E[3 mapping is not clear due
to aggregation of education groups. Data reliability issues in one or marpdiatts IPUMS data
fits perfecly with WIC model for 1987. UIS categorization is not clear for 1977 and deviates
from backprojectionmodel.

Educational categorization in empirical data or its allocation®&E[3 mapping is not clear due
to aggregation of education group&CA is not possiblelue to missing time series and/or
aggregated age groups. Data reliability issues in one or more data points.

Educational categorization in empirical data or its allocation @[3 mapping is not clear due
to aggregation of education group€CA is not possible due to missing time series and/or
aggregated age groups. Data reliability issues in one or more dfatta po

No historical datasets found for validation process.
No historical datasets found for validation process.

Educational categorization in empirical data or its allocatidB@ED mapping is not clear due
to aggregation of education groups. Transition model i3weACA indicates a slight
underestimation of educational transition from "no education" to "complatradrmyt education
from 1978 to 2002.
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Region/country

From...

to...

Notes

Comments

Sudan

Senegal
Sierra Leone
Somalia

Sao Tome & Principe

Swaziland

Chad
Togo

Tunisia

Tanzania

Uganda

2008

2002
2004
2006

2009

2006

2004

2010

2002

2002

1983

1988
2004
2006

1981

1976

2004

1975

1988

1991

(B, F)

©)
(©)

(B, C, D)

(B,D)

©)
Q)

(B,D)

(B, F)

()

Educational categorization in empirical data or its allocation @[3 mapping is not clear due

to aggregation of education groups. Transition model i¢$i$categorization is not clear and
deviates from backrojection model. ACA is not possible as UIS does not provide education by
age, but just for the category '25 years plus’. But a too fast educdtiansition looks plausible,
even if not provable, due the educational shares of 1956, which show 91.2 percentatfqopul
25 years and older with ‘no education’. Our model shows this share for 1973.

No historical datasets found for validation process.
No historical datasets found for validation process.

Educational categorization in empirical data or its allocation®&[3 mapping is not clear due
to aggregation of education group<CA is not possible due tmissing time series and/or
aggregated age groups. Data reliability issues in one or more data points.

Educational categorization in empirical data or its allocation @[3 mapping is not clear due
to aggregation of educatigmoups. Data reliability issues in one or more data poh@#
indicates incorredbaseyeardata from DHS 2006 or underestimatimfitheeducational transition
from ISCED 1 to ISCED 2.

No historical datasets found for validatiprocess.

No baseyeardata.

Educational categorization in empirical data or its allocation®&E[3 mapping is not clear due
to aggregation of education groups. Data reliability issues in one or marpdilats UIS data
reportthroughout the yeaes higher sharef the population withcompleted primary" education
to the disadvantage tiose with'lower secondary" educatio Thisseems to indicate a
systematianismatch of educational categories in UIS data.

Educational categorization in empirical data or its allocation @[3 mapping is not clear due
to aggregation of education groups. Transition model issue. ACA indicates aaatimlgtion of
the pace of educational transitioorn "lower" to "higher" education.

Data reliability. The empirical IPUMS data on "post-secondary” education in Ugandarég&t
a much lower share in this group that cannot be suppwitedhe ACA.
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Region/country

From...

to...

Notes

Comments

South Africa

Zambia

Zimbabwe

Afghanistan
United Arab Emirates

Armenia
Azerbaijan

Bangladesh

2007

2002

2005

2005

2001
2006

2004

1970

1969

1992

1968

1975

2001
2006

1974

(B, C, D)

(B,C,D,

Q)

(B, C, D)

(©)
©)

(E. F)

Educational categorization in empirical data or its allocation @[3 mapping is not clear due
to aggregation of education group€CA is not possible due to missing time series and/or
aggregated age groups. Data reliability issues in one or morediiaits phe ACA for UIS 1980
and IPUMS 1996 fitsintil thebaseyearin 2007. The UIS 1970 and 1985 deviate largely from
the other census points and even the ACA does not work out for those two years.

Educational categorization in empirical data or its allocation®&[3 mapping is not clear due
to aggregation of education group&CA is not possible due to missing time series and/or
aggregated age groups. Data reliability issues in one or more diat& pa@ansition model issue.
UIS categorization is not clear and deviates from faolection model. Especially UIS 1990
deviates strongly from WIC model. The ACA analysis is not possible due mptacable age
groups in the UIS time series. But for 1969 to 1980 we see an overestimatitidrénosn ‘no
education’ to ‘inompletelSCED 1’, which seems plausible.

Asia
No baseyeardata.

Educational categorization in empirical data or its allocation®&[3 mapping is not clear due
to aggregation of education group&CA is not possible due to missing time series and/or
aggregated age groups. Data reliability issues in one or more dfatta po

No historical datasets found for validation process.
No historical datasets found for validation process.

Migration impact on the countigpecific educationlistribution. Transition model issue.
Bangladesh recorded high migration movements which cannot be taken miataoche
transition model that additionally underestimates the pace of educatamstitn from 'ndo
‘completed primary' education.
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Region/country From... to... Notes Comments
Educational categorization in empirical data or its allocation @[3 mapping is not clear due
' to aggregation of education groups. Transition model iFheACA of the UIS data indicate
Bahrain 2001 1971 (B.F) | that the model slightly underestimates the education transition from fowégher education
groups between 1971 and 2001.
Brunei - - (A) No baseyeardata.
Bhutan 2005 2005 (G) No historical datasets found for validation process.
Educational categorization in empirical data or its allocation @[3 mapping is not clear due
China 2005 1982 8,p) o aggregation of education groups. Data reliability issues in one or margaiats.There is no
‘incompletedlSCED 1' in the WIC 2012 dataset while IPUMS data for 1982 cover this category
Cyprus 2001 1992 (G) No historical datasets found for validation process.
Georgia 2002 2002 (G) No historical datasets found for validation process.
Educational categorization in empirical data or its allocation @[3 mapping is not clear due
Hong Kong 2006 1971 (D) ' to aggregation of education groups. Data reliability issues in one or marpaiats.
_ Data reliability.Indonesia's censussults before 2000 are affected by political motivations an
Indonesia 2010 1971 ®) therefore overestimate the national educational structure
_ Data reliability.India's data via IPUMS doot refer to the census but to an 'Employment Surv
India 2001 = 1971 @) with smaller sample.
Iran 2006 2006 (G) No historical datasets found for validation process.
Iraq 1997 1997 (G) No historical datasets found for validation process.
Educational categorization in empirical data or its allocation @[3 mapping is not clear due
to aggregation of education groups. Data reliability issues in one or marpdilatts Migration
impact on the countrgpecific education distributiomhe ACA of the IPUMS data indicate
Israel 2004 1972 ®.D.5 strong shifts in the age and education structureatteehainly caused by massive migration
streams of Jewish population from USA, European countries, Russiajteth makethe
comparison impossible.
Jordan 2004 1979 (G) No historical datasets found for validation process.
Transition model issuddinor deviations in the transition from 'lower' to 'upper secondary'
Japan 2010 1970 (F) education.
Kazakhstan 2009 1989 (G) No historical datasets found for validatiprocess.
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Region/country

From...

to...

Notes

Comments

Kyrgyzstan
Cambodia

South Korea

Kuwait

Laos

Lebanon

Sri Lanka
Macau

Maldives

Myanmar

Mongolia

1999
2008

2010

2005

2005

2007

2006

2006

2007

2000

1999
2008

1970

1970

2005

1970

1970

1990

1973

1989

(©)
©)

F

(B,D)

(©)

(B,C, D,

Q)

(B, C, D)

(©)

(B, C, D)

R

No historical datasets found for validation process.
No historical datasets found for validation process.

Transition model issud.he transition model underestimatke pace of educational transition
that has happened in South Korea in the second half of 20th Centuryditasticeducational
reforms.

Educational categorization in empirical data or its allocation to 5@Bpping is not cleatue
to aggregation of education groups. Data reliability issues in one or marpaitats.

No historical datasets found for validation process.

Educational categorization in empirical data or its allocation @[3 mapping is not clear due
to aggregation of education group&A is not possible due to missing time series and/or
aggregated age groups. Data reliability issues in one or more dfatta pa@nsition model issue.
UIS categorization for 1970 is not clear and deviates fvaakprojectionmodel, especially in
the categories below ‘ISCED 1'. As there is no ACA possible the deviatiod cesult from a
lack of accuracyn UIS dataor —more realisti@lly as UIS report§ categories-that the
transition model underestimates the transition since 1970 from ‘no educatit®CtD 1'.

No baseyeardata.

Educational categorization in empirical data or its allocation®&[3 mapping is not clear due
to aggregation of education group&A is not possible due to missing time series and/or
aggregated age groups. Data reliability issues in one or more diat& po

No historical datasets found for validation process.

Educational categorization in empirical data or its allocation®&E[3 mapping is not clear due
to aggregation of education group&CA is not possible due to missing time series and/or
aggregated age groups. Data reliability issues in one or more data fissteg educational
categories, likeompleted ISCED i 1973 and 1983, or misg) no educationn 1983 cause
deviations. 1983 doa®t coverthe whole country due to amstable political situation.

Transition model issud.he ACA indicates a slight overestimation of edisratransition from
lower to upper secondargducation from 1989 to 2000.
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Region/country From... to... Notes Comments
Transition model issudhebaseyear2000 aggregatéacomplete ISCED andISCED 1in one
Malaysia 2000 1970 F) category. The ACA indicates averestimatiorof educational transition fromo educatiorto
incompleteandcompleted ISCED éducation from 1970 to 2000.
Transition model issud.he ACA indicates a slight underestimation of educational transitwon
Nepal 2001 | 1971 ®) ' no educatiorto completed primangducation from 1971, 1981 to 2001.
Oman - - (A) No baseyeardata.
Pakistan 1998 1972 (D) Datareliability. Data for 1981 excludes federally administered tribal areas.
Educational categorization in empirical data or its allocation®&E[3 mapping is not clear due
Philippines 2000 1970 (B,D) | to aggregation of education grouxata reliabilityissues in one or more data poirithis
problem occursvith UIS data.
Palestine 2007 2007 (G) No historical datasets found for validation process.
Educational categorization in empirical data or its allocation@EL3 mappings not clear due
Qatar 2010 1986 = (B,c, D) toaggregation of education groups. ACA is not possible due to missing tie aeul/or
aggregated age groups. Data reliability issues in one or more data points.
Saudi Arabia 2004 2004 (G) No historical datasets found for validatiprocess.
Educational categorization in empirical data or its allocation®&E[3 mapping is not clear due
to aggregation of education groups. Data reliability issues in one or marpaifats. Transition
Singapore 2010 1980 | (B,D,F) | model issueThe ACA indicates, apart from issues with categorization and-eléahility, the
underestimation of the pace of educational transition from lower to heglueation from 1980 to
2010.
Syria 2004 1970 (D) Data reliability.1979 covers thEast Bankegion only- excluding about 50% dhe population.
Thailand 2000 1970 --
Educational categorization in empirical data or its allocation®&E[3 mapping is not clear due
Tajikistan 2009 1989  (B,c,D) toaggregation of education group<CA is notpossible due to missing time series and/or
aggregated age groups. Data reliability issues in one or more data points.
Turkmenistan 1995 1995 (G) No historical datasets found for validation process.
Timor-Leste 2009 2009 (G) No historical datasets found for validation process.
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Region/country

From...

to...

Notes

Comments

Turkey

Uzbekistan

Viet Nam

Albania

Austria

Belgium

Bulgaria

BosniaHerzegovina

Belarus

2000

2009

2002

2008

2001

2001

2010

1999

1970

1979

2002

1971

1970

1975

1971

1989

B)

Q)

(B, C, D)

(©)

(B,D)

(B, C, D)

(8,D)

©)

(B, C, D)

Educational categorization in empirical data or its allocation @[3 mapping is not clear due
to aggregation of education groups. UIS categorization for 1975 and 1980 isan@ntleshows
slight deviations from WIC model. The comparison with the IPUMS data from 1882990
shows a high comparability with WIC.

No baseyeardata.

Educational categorization in empirical data or its allocation®&[3 mapping is not clear due
to aggregation of education group&CA is not possible due to missing time series and/or
aggregated age groups. Data reliability issues in one or more data [RJMS aggregates the
8th and 9th gradeyhich doesnotallow for a disaggregation betweétSCED 1" and "ISCED 2"
in 1989 and 1999.

Europe
No historical datasets found for validation process.

Educational categorization in empirical data or its allocation @[3 mapping is not clear due
to aggregation of education groups. Data reliability issues in one or marpaiias WIC data
shows a 6 percentage points higbleare in'postsecondary" ducation compared to NSO data.
This is most likely du¢o changes in the national classification of education groups.

Educational categorization in empirical data or its allocation @[3 mapping is not clear due
to aggregation of education groupCA is not possible due to missing time series and/or
aggregated age groups. Data reliability issues in one or morpalats.

Educational categorization in empirical data or its allocation®&E[3 mapping is not clear due
to aggregation of education groups. Data reliability issues in one or marpdilatis. The ACA
showsthe plausibility of theUIS datasetwhichindicatesa model underestimation from lower to
higher educational groups from 1975 to 2001 in the WIC 2015 model.

Data reliability.1981 just covertheeconomically active populatioEmigration in the context of
the Yugoslav war can't be considered in the lcdiection model and causes deviations in the
educational structure.

Educational categorization in empirical data or its allocation @[3 mapping is not clear due
to aggregation of education group€CA is not possible due to missing time series and/or
aggregated age groups. Data reliability issues in one or morpaiats.
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Region/country From... to... Notes Comments
Educational categorization in empirical data or its allocation @[3 mapping is not clear due
to aggregation of education groups. IPUMS provides the category "no educati®f7@to
Switzerland 2000 1970 ®) "1_992 (~ 1.5%)_Whicf'll amaot(l:lonsidered in WI(?' data. IEUMS_combines the_ cat_egories from
incomplete primary" up to "lower secondary" education. Minor underestimafishare with
"upper secondary” education to the disadvantagharfes withpostsecondary” education
(~4%)
CzechRepublic 2001 1980 (F) Transition model issue.
Educational categorization in empirical data or its allocation®&E[3 mapping is not clear due
to aggregation of education groupxata reliability issues in one or more dptants.The
Germany 2010 1971 (B,D) | different educational models in the Federal Republic of Germany (FRG) andrtharGe
Democratic Republic (GDR) before the Reunification in 1990 do not allowofoparsonin the
IPUMS data.
Denmark 2001 1991 -
Transition model issu®eviation between WIC and IPUMS data increases the further the
Spain 2001 1970 ) validation goes back itime. As the ACA shows a high reliability in the IPUMS data it is most
likely that theWIC 2015 model underestimates the pace in transition from lower to higher
education.
_ Educational categorization in empirical data or its allocation @[3 mapping is not clear due
Estonia 2000 1970 (B.D) ' {0 aggregation of education groufata reliabilityissues in one or more data points.
_ Educational categorization in empirical data or its allocation @[3 mapping is not clear due
Finland 2009 1970 (B) to aggregation of education groupaseyear2009 vs 2011
France 2008 1968 -
United Kingdom 2001 2001 (G) No historical datasets found for validation process.
Greece 2001 1971 -
Educational categorization in empirical data or its allocation®&E[3 mapping is not clear due
Croatia 2001 1971 @®,D)  toaggregation of education groupxatareliability issues in one or more data poiRt€.A
analysis shows that UIS 1991 and 198gortidenticaleducational shares.
Transition WIC 2015 model issuBeviation between WIC and IPUMS data increases the fur
Hungary 2001 1970 (F) the validation goes back time. As the ACA shows a high reliability in the IPUMS data it is

most likely that the model underestimates the pace in transitionidéween to higher education.
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Region/country From... to... Notes Comments

Educational categorization in empirical data or its allocation @[3 mapping is not clear due
to aggregation of education groups. Data reliability issues in one or marpaiats Datado not

Ireland 2002 1971 (B,D) | take into consideratiotihe populatioristill at school/university"andaggregate ISCED 3 and 4.
Dueto the high share of people with "unknown" education (~10%) the empiricadmdtardly
comparable with the WIC 2015 dataset.

Iceland 2010 2010 (G) No historical datasefsund for validation process.

ltaly 2001 1971 -

Liechtenstein - - A No baseyeardata.

_ . Educational categorization in empirical data or its allocation @[3 mapping is not clear due

Lithuania 2001 1989 BD) | to aggregation of educatigmoups. Data reliability issues in one or more data points.
Educational categorization in empirical data or its allocation @[3 mapping is not clear due

Luxembourg 2001 1991 @,p)  toaggregation of education groufata reliability issues in one otore data point&JIS data
report~9.2% of the population 25 years plus with "unknown" education.
Educational categorization in empirical data or its allocation @[3 mapping is not clear due

Latvia 2000 1988 (B,c,D) toaggregation of education group<CA is not possible due to missing time series and/or
aggregated age groups. Data reliability issues in one or more diat& po
Educational categorization in empirical data or its allocation®&E[3 mapping is not clear due
to aggregation of education groups. Data reliability issues in one or marpdilatts. Transition
model issueBetween 1989 and 2004 the share of the population 25+ ndgthducation” drop
from 12.7% to about 1%. Due to the high share of population 65years plus in 1989 with "no

Moldova 2004 1989 @ (B,D,F)

education” (58%) it is most likely that these age cohorts got eplag younger more educated
cohorts until thdaseyear(Life expectancy 1989 about 67years). That drop in "no education" due
to higher mortalityin this group, isrot considered in the WIC dataset.
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Region/country

From...

to...

Notes

Comments

Macedonia

Malta
Montenegro

Netherlands

Norway

Poland
Portugal
Romania

Russia

Serbia

2008

2010
2003

2001

2010

2002

2001

2002

2002
2002

1994

2010
1971

1971

1970

1970

1970

1977

1989
1971

(B,D, E,

(©)
(©)

(B)

F

(B,D)

R

F

(8,D)

(©)

Educational categorization in empirical data or its allocation @[3 mapping is not clear due

to aggregation oéducation groups. Data reliability issues in one or more data pdiigtstion

impact on the countrgpecific education distribution. Transition model is®etween 1994 and

2008 the share of the population 25+ with "no education" éafspm 28.0% to 8.6%. Due to

the high share of population 65years plus in 1989 with "no education” (71.8%) it iskalyst |

that these age cohorts got replaced by younger more educated cohorts baséjlear(Life

expectancy 1994 about 71.9years). That drop in "no education" due higher marthliisygroup,

is not considered in the WIC dataset. Additionally between 1998 and 2001 around 230.000 people
(~12%) emigratedwvhich changed the educational structure of a population.

No historical datasets found for validation process.
No historical datasets found for validation process.

Educational categorization in empirical data or its allocation®&E[3 mapping is not clear due
to aggregation of education groupBUMS provides the national education categories that are
dueto theirlevel of aggregation not transferable into the ISCED based WIC classification
Additionally about 19% of the population 25+ are labelled with "unknown" education.

Transition model issu®eviation between WIC and NSO data increases the further the valic
goes back inime. As the ACA shows a high reliability in the NSO data it is most likely that the
WIC 2015 model underestimates the pace in transition from basic (ISCED 2 anpttohigher
education.

Educational categorization in empirical data or its allocation®&E[3 mapping is not clear due
to aggregation of education groufata rekbility issues in one or more data points.

Transition model issu@.he ACA indicates a slight overestimation of educational transitamn f
"no education" up to "lower secondary" from 1970 to 2001.

Transition model issudhe ACA indicates a slight underestimation of educational transiton
"no education" to "completed primary" education from 1977 to 2002.

Educational categorization in empirical data or its allocatidB@ED mapping is not clear due
to aggregation of education groups. Data reliability issues in one or marpaiiats.

No historical datasets found for validation process.
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Region/country

From...

to...

Notes

Comments

Slovakia

Slovenia

Sweden

Ukraine

Aruba

Netherlands Antilles

Argentina

Bahamas

2001

2002

2010
2001

2010

2001

2001

2000

1970

1971

1985
2001

1991

1971

1970

1990

(B,D)

(B,D)

R

(©)

(B, C, D)

(©)

(B,D)

(B,C,D,

Educational categorization ampirical data or its allocation to ISCED mapping is not clear di
to aggregation of education groups. Data reliability issues in one or marpaiats. The NSO
data aggregates the categories "incomplete primary" up to "lower secomwaaigficauses minor
deviations to the WIC dataset.

Educational categorization in empirical data or its allocation®&E[3 mapping is not clear due
to aggregation of education groups. Data reliability issues in one or marpaiiats.

Transition model issudhe ACA from NSO data indicates that the WIC dataset slightly
overestimates the pace of transition from "lower" to "higher" education

No historical datasets found for validatiprocess.

Latin America and the Caribbean
Educational categorization in empirical data or its allocation®&[3 mapping is not clear due
to aggregation of education groups<CA is not possible due to missing time seaeas/or
aggregated age groups. Data reliability issues in one or more data points.

No historical datasets found for validation process.

Educational categorization in empirical data oaltscation to ISCED mapping is not clear due
to aggregation of education groups. Data reliability issues in one or marpaiats. Thetime
seriesarehardly comparable due to frequent changes in the national education system.
Additionally NSO data diffeentiatebetween incomplete and complete grades, but not between
lower and upper secondary. Therefore people with incomplete secondary@daoaillocated

to primary education, although many of those are probably in upper seconday.gra

Educational categorization in empirical data or its allocation @[3 mapping is not clear due
to aggregation of education group€CA is not possible due to missing time series and/or
aggregated age groups. Data reliability issnese or more data points.
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Region/country From... to... Notes Comments

Educational categorization in empirical data or its allocation @[3 mapping is not clear due
to aggregation of education groups. Data reliability issues in one or marpaiats Migration
impact on the countrgpecific education distribution. Transition model isdu® increase in "no

Belize 2000 1970 (B'F[;' E. education” in UIS data up to 19®notrefleciedin the WIC data. Especially the increase of "no
education" in thdaseyear2000 compared to 1980 and 1990 can probladlgxclusively
explained by emigration of educated population.

o Transition model issudhe ACA showghe plausibility of thelPUMS dataset and indicates an

Bolivia 2001 1976 F

underestimation in the pace in transition from loteehigher education.

Educational categorization in empirical data or its allocation @[3 mapping is not clear due
to aggregation of education groups. Data reliability issues in one or marpaiats.The IPUMS
Brazil 2010 1970 (8.D) data show an overrepresentation of population with "completed primary"tedutathe
' disadvantagef the other categories, compared to WIC dataset. It is most likely that incemplet
higher categories are allocated to ISCED 1.

Barbados - - (A) No baseyeardata.

Educational categorization in empirical data or its allocation @[3 mapping is not clear due

to aggregation of education groups. Data reliability issues in one or marpdilatts. Transition
Chile 2002 1970 = (B.D,F) model issueThe ACA indicates that the WIC model overestimates the pace of educational

transition from "no education” to "lower secondary" education from 1970 to 2002.

Transition model issu®eviation between WIC and IPUMS data increases the further the
Colombia 2005 1973 (F) validation goes back itime. As the ACA shows a high reliability in the IPUMS data it is most
likely that the model slightly underestimates the pace in transition ter lto higher education.

Transition model issu®eviation between WIC and IPUMS data increases the further the
Costa Rica 2000 1968 F) validation goes back in time. As the ACA shows a high reliability in the IPUdM& itlis most
likely that the model underestimati® pace in transition from lower to higher education.

Cuba 2002 1980 (G) No historical datasets found for validation process.
Dominica - - (A) No baseyeardata.
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Region/country

From...

to...

Notes

Comments

Dominican Republic

Ecuador

Guadeloupe

Grenada
Guatemala

French Guiana

Guyana

Honduras

Haiti

2002

2001

2008

2002

2008

2002

2001

2005

1970

1974

1982

1973

1982

1970

1974

1971

(B, C, D)

R

(B, C, D)

Q)

(B, C, D)

(B,D)

(B, F)

(B,D)

Educational categorization in empirical data or its allocation @[3 mapping is not clear due
to aggregation of education group€CA is not possible due to missing time series and/or
aggregated age groups. Data reliability issues in one or more diat& po

Transition model issud?ace of transition between 1974 and 1982 seems to be underestima
the WIC 2015nodel. As the ACA shows a high reliability in the IPUMS data it is most likely
that the model underestimates the pace in transition from lower to leigheation before 1982.
This impression gets supported by older IPUMS and UIS datasets from 1950 and 1662, whi
seem onsistentacross timeln the NSO data incomplete and complete primary education is
difficult to disentangle as NSO divides betweed ylears primary and-@ years primary in a
system wher@rimarylasts for6 years

Educational categorization in empirical data or its allocation @[3 mapping is not clear due
to aggregation of education group€CA is not possible due to missing time series and/or
aggregated age groups. Data reliability issues in one ordatagoints.

No baseyeardata.

Educational categorization in empirical data or its allocation®&E[3 mapping is not clear due
to aggregation of education group&CA is not possible due to missing time series and/or
aggregated age groups. Data reliability issues in one or more data points.

Educational categorization in empirical data or its allocation®&[3 mapping is not clear due
to aggregation of education groufata reliability issues in one or more data points.

Educational categorization in empirical data or its allocation®&E[3 mapping is not clear due
to aggregation of education groups. Transitiozdel issueln 1983 UIS data "incomplete
primary" education is missing. The ACA indicates an underestimatitw ipace of transition
from "no education” up to "lower secondary" education in the WIC 2015 model.

Educational categorization in empirical data or its allocation®&E[3 mapping is not clear due
to aggregation of education groups. Data reliability issues in one or marpaitats.
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From...

to...

Notes

Comments

Jamaica

Saint Lucia

Mexico
Martinique

Nicaragua

Panama

Peru

Puerto Rico

Paraguay

El Salvador
Suriname

2001

2001

2010

2008

2005

2010

2007

2000

2002

2007
2004

1970

1970

1970

1982

1971

1970

1972

1970

1972

1971
2004

(B,D)

(B,D, F)

F

©)

F

R

(B,D)

F

(B,D)

©)

Educational categorization in empirical data oaltscation to ISCED mapping is not clear due
to aggregation of education groups. Data reliability issues in one or marpaiats.The IPUMS
data aggregate "incomplete primary"/"completed primary" and ‘flewvd upper secondary"
education.

Educational categorization in empirical data or its allocation®&E[3 mapping is not clear due
to aggregation of education groups. Data reliability issues in one or marpaifats. Transition
model issueUIS and IPUMS categorizatio is not clear plusumming up of 6 categories into 4.
ACA of IPUMS dataindicateshe correctness of the data, but ACA of UIS data is not possible
due toshifts between categorie$he WIC modekeems to underestimate pace of increase from
lower to highereducational groups.

Transition model issu@®eviation between WIC and IPUMS data slightly increases the furthe
validation goes back itime. As the ACA shows a consistent picture, the deviation indicates a
slight underestimatioof educational transition from ‘no education’ to ‘ISCED 1'.

No historical datasets found for validation process.

Transition model issu®eviation between WIC and IPUMS data increases the further the
validation goes back itime. As the ACA shows a consistent picture, the deviation indicates an
underestimation of educational transition from ‘no education’ to ‘ISCED 1'.

Transition model issu®eviation between WIC and IPUMS data increases the further the
validation goes back itime. As the ACA shows a consistent picture, the deviation indicates an
underestimation of education transition from lower to higher educatiategories.

Educational categorization in empirical data or its allocation @[3 mapping is not clear due
to aggregation of education groups. Data reliability issues in one or marpaitats.

Transition model issu@®eviations between WIC and IPUMS indicate a slight underestimatic
the pace of transition from lower to higher educational categories.

Educational categorization in empirical data or its allocatidS@ED mapping is not clear due
to aggregation of education groups. Data reliability issues in one or marpadilats UIS
distinction of "incomplete” and "completed primary" education unclear.

No historical datasets found for validation process.
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Region/country

From...

to...

Notes

Comments

Trinidad & Tobago

Uruguay

Saint Vincent

Venezuela

United States Virgin Is

Bermuda

Canada

2000

2006

2001

2001

2001

1970

1975

1970

1971

1970

(B, C, D)

(B,D)

(8,D)

(B, D, F)

Q)

Q)

(B, D, F)

Educational categorization in empirical data or its allocation @[3 mapping is not clear due
to aggregation of education groupCA is not possible due tmissing time series and/or
aggregated age groups. Data reliability issues in one or more data pPo@#sCA indicates an
abnormal educational composition in the UIS dataset for 1980.

Educational categorization in empirical datdts allocation to ISCED mapping is not clear due
to aggregation of education groups. Data reliability issues in one or marpaiats. The ACA
indicates that the share thie population with "incomplete primary$ overrepresented in the
IPUMS datawhich causes a validation result Gf

Educational categorization in empirical data or its allocation @[3 mapping is not clear due
to aggregation of education groups. Data reliability issues in one or marpadiats.

Educational categorization in empirical data or its allocation @[3 mapping is not clear due
to aggregation of education groups. Data reliability issues in one or marpaiats. Transition
model issueln 1971 and 1991 IPUMS shows about 6.5% and more people with "unknown"
education. The ACA for 1981 indicates that people with "no education" got alioicethe
IPUMS dataset to "incomplete primary" educatiwhjch is the reason why 1981 doest fit into
the IPUMStime seriesand is hardly comparable with the WIC dataset. Additionally the WIC
model seems to slightly overestimate the pace of transition from lovisgher education
between 1970 and 2001.

No baseyeardata.

Northern America
No baseyeardata.

Educational categorization in empirical data or its allocation @[3 mapping is not clear due

to aggregation of education groupxata reliability issues in one or more dptants. Transition
model issueThere is a overestimation of post-secondary education and an underestimation of
‘ISCED 1. The 1970s immigration wave of high skilled populatibbangedhe education

structure between 1971 and 1981 (Begas1993). Additionally there is no ‘no education’
category inPUMS ("Below grade 5" thatoverscategory no education and incomplete primary).
| There is no ‘ISCED 2"Grades 913" thatcoverslower and upper secondary educatione W
allocated this categpifor the validation to upper secondary education.
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Region/country From... to... Notes Comments
Migration impact on the countigpecific education distribution. Transition model is&\éC
United States 2005 1970 , F) | Model overestimates the transition from ‘ISCED 1’ to secondary educatditionally
migration streams in this period can cause deviations from WIC model.
Oceania
American Samoa - - (A) No baseyeardata.
Educational categorization in empirical data or its allocation @[3 mapping is natlear due
Australia 2006 1971 @®,p)  toaggregation of education groups. Data reliability issues in one or merpaiats The ACA of
1966 and 1971 shows deviations and indicates problems with UIS data quality.
Fiji - - (A) No baseyeardata.
Guam - - (A) No baseyeardata.
Kiribati - - (A) No baseyeardata.
Educational categorization in empirical data or its allocation®&E[3 mapping is not clear due
New Caledonia 2009 1989 (B,c, D) toaggregation of education group<CA is not possible due to missing time seeesl/or
aggregated age groups. Data reliability issues in one or more data points.
Educational categorization in empirical data or its allocation @[3 mapping is not clear due
New Zealand 2001 1981 (B,c,D) toaggregation of education group<CA is not possible due to missing time series and/or
aggregated age groups. Data reliability issues in one or more data points.
French Polynesia 2007 2007 (G) No historical datasets found for validation process.
Educational categorization in empirical data or its allocation @[3 mapping is not clear due
Tonga 2006 1986 = (B,c, D) toaggregation of education group<CA is not possible due to missing time series and/or
aggregated age groups. Data reliability issues in one or morpaiats.
Educational categorization in empirical data or its allocation @[3 mapping is not clear due
Vanuatu 2009 1979  (B,c,D) toaggregation of education group<CA is not possible due to missing time series and/or
aggregated age groups. Data reliability issues in one or more data points.
Educational categorization in empirical data or its allocation®&E[3 mapping is not clear due
Samoa 2001 1971 (B,c, D) toaggregation of education group<CA is not possible due to missing time seeesl/or

aggregated age groups. Data reliability issues in one or more data points.
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Note (A) No baseyear data, (B) Educational categorization in empirical data or its allocatio@ EDI$happing is not clear due to aggregatd
education groups, (ACA is not possible due to missing time series and/or aggregated age groups, ([@)i&li&yr (E) Migration impact on
the country-specific education distribution, (F) Transition model issue, and (G) tdodaikdatasets found for validation process;
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8 Appendix Il - Comparison of selected reconstruction efforts of levels of educational attanent

BARRO & LEE (2013) COHEN & SoTo (2007); DE LA FUENTE & MORRISSON & MURTIN Lutz et al. (2007) WIC 2015
COHEN & LEKER (2014) DoMENECH (2012) (2009)
Age groups 5-year age groups: 15- 5-year age groups: 15- One large age group: 25+ Two large age groups: 5-year age groups: 15- 5-year age groups: 15-
19; 20-24; ... 75+ 19; 20-24; ... 80+ 15+ & 15-64 19; 20-24; ... 65+ 19; 20-24; ... 85+
Sex male/female total total male/female male/female
Education indicators  Proportion by highest Only MYS Proportion by highest Only MYS Proportion by highest level attained + MYS

level attained + MYS®

level attained + MYS

Time frame

1950 to 2010
(5-year steps)

1960 to 2020
(10-year steps)

1960 to 2010
(5-year steps)

1870 to 2010
(10-year steps)

1970 to 2000
(5-year steps)

1970 to 2010
(5-year steps)

Specific education

7 categories:

Not mentioned

6 categories:

Not mentioned

4 categories:

6 categories:

categories used no schooling; illiterates; no schooling; no schooling;
first level primary schooling; primary; incomplete primary;
(total / complete); lower and upper secondary; complete primary;
secondary secondary schooling; tertiary lower secondary;

first and second cycle of
higher education

(total / complete); upper secondary;

tertiary post-secondary

(total / complete)

Spatial coverage 146 countries 95 countries 21 countries (OECD) 74 countries 120 countries 171 countries

Enrolment series,
Cohen and Soto (2007)

Empirical data Censuses and enrolment
source series

OECD, censuses,

18 19
Mitchell Series Censuses, IPUMS, DHS ™", LFS

Censuses and surveys

Interpolation/
extrapolation,
decomposition
method

Methodology Extrapolate backward-
assumption of constant
proportions assumed,
Net School Intake Rate forward interpolation, or
used in case of no census  rely on miscellaneous

data information

Proceeding backward
from 1990, 1995 or 2010
by backward and

Perpetual inventory
method

Reconstruct 5-year age
groups along cohort lines
from 2000 backwards
considering mortality/
migration differentials

Reconstruct 5-year age
groups along cohort lines
from 2010 backwards
considering mortality/
migration differentials

Sources(Barroand Lee 1993; Barro and Lee 2013; Cohen and Leker 2014; Cohen and Soto 2007; de la Fuente and DoméndahF2@dde de
and Doménech 2012; Morrisson and Murtin 2009; Lutz et al. 2007a; Bauer et al. 2012; Lutz et al. 2007b)

" MYS refers to Mean Years of Schooling
18 DHS refers to Demographic Health Survey
19LFS refers to Labour Force Survey
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