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A B S T R A C T

The World Bank’s Human Capital Index (HCI) aims to provide new information regarding future productivity of
each country’s workforce, by synchronizing available International Large-Scale Assessment (ILSA) and regional
test program results. Linking the literature on ILSA participation, this study questions the problematic nature of
this approach and revisits the comparability issue of ILSA results. We find that education systems are imposed
upon a score penalty depending on which ILSA or regional test program they choose to partake in. In particular,
our results show that (i) test-overlap systems used in the score synchronization procedure are systematically
different from systems that only choose to participate in one ILSA or exclusively in regional tests, (ii) inter-test
score exchange rate is volatile due to sampling design and cohort effects, (iii) test participation type alone
accounts for about 57.8 percent of the variation in synchronized scores, and the score penalty is especially salient
for systems that exclusively participate in regional test programs; the majority of which are low-income and
lower-middle income countries. Findings in this study show how various intra- and extrapolations to compensate
for missing data in effect introduce large score penalties for systems that either did not participate or only
partially participated in ILSAs. Finally, this study contributes to research on reasons for participation in ILSAs
and the global rise of test-based accountability reform, under which the World Bank’s new HCI may be seen as a
tool to incentivize participation in ILSAs by penalizing those governments that have chosen alternative, non-
standardized paths for measuring learning outcomes of students.

1. Introduction

Economists have long been interested in studying human capital,
and this enthusiasm was propelled forward in part by the theoretical
foundations laid out by Schultz (1961) and Becker (1962), and coin-
cided with the expansion of the global development project since World
War II and more recent donor interests in education interventions
(Chabbott, 2007; Heyneman, 2003; Shields and Menashy, 2019;
Steiner-Khamsi, 2006). To date, there have been various attempts to
conceptualize and quantify human capital, for instance, United Nations
Development Programme (UNDP) has been routinely measuring and
releasing the Human Development Index since early 1990s, whereas
Barro and Lee (1993) are among the first academics to construct a cross-
nationally comparable educational attainment dataset using census and
household survey. Until only recently, the focus on human capital
measurement has been primarily confined to education quantity mea-
surements that rely on enrollment or attainment data. Notwithstanding,
the global growth of International Large-Scale Assessments (ILSAs) and
regional student testing programs has prompted recent attempts to
examine student learning outcomes more closely (see Barro and Lee,

2001; Cohen and Soto, 2007; Hanushek and Kimko, 2000; Hanushek
and Woessmann, 2012; Heyneman and Lee, 2012).

As part of its global call-to-action to invest more in people, the
World Bank released its first Human Capital Index (HCI) results in
October 2018, ambitiously covering 157 economies and close to 98
percent of the world’s population (World Bank, 2018a). While the index
captures public health information such as infant and adult mortality,
its main novelty according to the World Bank (2018b, p. 4), lies in its
ability to provide “direct measure of school quality and human capital.”
To this end, the World Bank (2018b) envisions the index’s education
component as a new macro indicator to help countries keep track of
progress in education quality or the lack thereof. As indicated in several
key publications, the World Bank (2018a, 2018b, 2018c, 2018d, 2019a)
plans for the index to have far-reaching global impacts, and indicated
its future priority in setting HCI as a central metric in education plan-
ning, public financing, and government accountability. More specifi-
cally, the Bank plans on utilizing HCI to strategically promote new
measurement initiatives, inform lending programs, and address short-
comings in political incentives (World Bank, 2018a, p.10).

While the HCI holds a grand promise, there are many intricacies
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worth examining in detail. Importantly, the key education component
in the HCI – Harmonized Learning Outcomes (HLO) – is extrapolated
from various ILSAs and regional test programs by relying on an inter-
test exchange rate that is calculated using test-overlap systems for given
pairs of test programs. However, differences in test design, timing,
sampling, non-school factors can substantially limit the usefulness of
such an exercise. To illustrate, the World Bank (2018b) imputes HLO
scores for Lesotho, which did not participate in any ILSA programs,
using an inter-test exchange rate that is calculated with Botswana’s
scores. However, Lesotho and Botswana are far from similar; for in-
stance, the per capita Gross Domestic Product (GDP, 2017 PPP) amount
in Botswana is $17,024, or 5.5 times more than that of Lesotho ($2932)
(World Bank, 2019b). The obvious leap of faith is that this inter-test
exchange rate is country-invariant and transcends borders and con-
textual factors such as demographics, income, culture, etc. As such,
there are several important implications that arise with centering ILSA
score harmonization at the core of the new Human Capital Index.
Firstly, the reliance on synchronizing ILSA results to produce an HLO
score implies that countries who choose not to participate in any ILSA
or regional test programs will not receive a score. It is conceivable that
a score penalty, which can substantively limit future policy, financing,
and programming prospects, will act as policy levers in pushing coun-
tries towards reconsidering ILSA non-participation decisions. Secondly,
because the core component of HCI involves test result conversion
based on test-overlap systems, therefore score conversion rates could be
biased upwards, neutral, or downwards depending on which ILSAs or
regional test program and which year a system chooses to participate
in. As the expansive literature on ILSA participation and comparability
has shown (see Addey et al., 2017; Addey and Sellar, 2019), the poli-
tical, economic, and social costs often can both inhibit or incentivize
participation depending on country context, which further amplifies the
comparability issue inherent to ILSAs through inter-test score syn-
chronization exercises.

More specifically in this study, we examine the ‘penalty’ complex in
further detail, and address the following research questions: (i) How
reliable is the intra-test exchange rate, which depends on the compar-
ability of test-overlap systems? (ii) Does participation in different test
programs matter for Harmonized Learning Outcome (HLO) results, and
how much is the associated penalty? In this investigation, we argue that
the introduction of HCI as a new education quality tracking device,
centering on synchronizing ILSA scores, should be critically examined.
In particular, the algorithmic procedures devised to impute the index
adds a new dimension of complexity – penalties – to the widely docu-
mented ‘reasons for ILSA engagement’ literature, in that systems are
penalized for both non-participation and partial-participation in ILSA
benchmarking. While existing studies have explored in depth the de-
mand-side reasons why countries choose to participate in ILSAs, our
current study contributes to understanding new supply-side intricacies
that are introduced through HCI calculations. By examining the non-
participation and partial-participation effect, we show how extrapola-
tions to compensate for missing data in effect introduces considerable
score penalties for countries that either did not participate or only
partially participated in ILSAs.

2. Coercive rationales for ILSA engagement: a focus on the supply-
side

The spectacular growth of education systems participating in ILSAs
is noticeable and deserves theorizing. In this list, some of the most in-
fluential ILSAs include Programme for International Student Assessment
(PISA), International Reading Literacy Study (PIRLS), Trends in
International Mathematics and Science Study (TIMSS), and regional as-
sessments such as Latin American Laboratory for Assessment of Quality in
Education (LLECE), Southern and Eastern Africa Consortium for Monitoring
Educational Quality (SAQMEC), Early Grade Reading Assessment (EGRA),
and so on (Fischman et al., 2019). In terms of PISA alone, 43 countries

participated in 2000, 72 economies in 2015, and 80 economies in 2018.
In analyzing the explosive growth of PISA and other ILSAs, researchers
have proposed several explanations, ranging from broad ones, such as
globalization and political pressure to be part of a larger international
educational space, to very concrete ones, such as an ever-increasing
number of evidence-driven policy actors who rely on international
comparison for measuring the quality of their educational system (see
Addey et al., 2017; Engel, 2015; Liu, 2019; Verger et al., 2019). It is
noticeable that this body of research has focused on national govern-
ments and explored why they buy into ILSAs, that is, explain the ra-
tionales for their participation.

The attractiveness of ILSAs is in part related to the quantification of
learning outcomes. Wendy Espeland (2015) and Radhika Gorur (2016)
masterfully observe the advantages of numbers over complex narratives
because one may attach one’s own narratives to numbers. What is
especially appealing to policy actors are Organization for Economic Co-
operation and Development (OECD) and International Association for the
Evaluation of Educational Achievement (IEA) studies, is the capacity to
generate statistics, scores, ranking, and benchmarks that are based on
international comparison or on comparison over time. Espeland (2015,
p. 56) explains the dual process of simplification and elaboration in-
volved in the usage of numbers. In a first step, numbers “erase narra-
tives” by systematically removing the persons, institutions, or systems
being evaluated by the indicator and the researcher doing the evalua-
tion. This technology of simplification stimulates narratives, or as
Espeland astutely observes:

If the main job of indicators is to classify, reduce, simplify, to make
visible certain kinds of knowledge, indicators are also generative in
ways we sometimes ignore: the evoke narratives, stories about what
the indicators mean, what are their virtues or limitations, who
should use them to what effect, their promises and their failings.
(Espeland, 2015, p. 65)

A few scholars have focused on the “narrative evoking” phase
(Espeland, 2015, p. 65) of such studies and dissected what national
governments interpret or project onto OECD reports or other interna-
tional comparative studies based on their own policy context and
agenda (Waldow and Steiner-Khamsi, 2019). Studies on the rationales
for participation in ILSAs have typically attempted to address the fol-
lowing contradiction: a great number of governments chooses to con-
tinuously participate in ILSAs even though they have already learnt
after the first round of participation about the strengths and weaknesses
of their systems. Arguably, the focus on rationales for participation has
generated two blind spots: (i) rationales for non-participation and (ii)
strategies to ensure continuous participation. The first research area
focuses on governments (i.e. Botswana, South Africa, Kyrgyzstan,
Switzerland) that discontinued, or considered a discontinuation (i.e.
China, Mexico, Vietnam), respectively, the participation in an ILSA and
the second research area focuses on international organizations that
develop, administer, and analyze ILSAs. For the second under-explored
research area, OECD’s strategies to ensure continued interest is worth
mentioning briefly.

In regards to the first area mentioned above, more research is
needed on rationales for non-participation or discontinuation, respectively.
For instance, Kyrgyzstan discontinued its participation for the PISA
2012 round after scoring at the very bottom in PISA 2006 (out of 47
countries and economies) and PISA 2009 (out of 65 countries and
economies). In disbelief over the poor results, the Ministry of Education
and Science established its own national assessment center.
Notwithstanding, not all “ILSA drop-outs” are education systems that
score at the bottom of a league table (Addey and Sellar, 2019; Lockheed
and Wagemaker, 2013). For instance, South Africa discontinued TIMSS
for resource reasons (Wiseman, 2013) and Mongolia dropped out of
TIMSS due to technical capacity constraints (Addey, 2015). League
leaders also have good reasons to discontinue their participation in
ILSAs. For example, Switzerland only participated in two rounds of
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TIMSS (Trends in International Mathematics and Science Study): in
1995 and 1999. In contrast, the country participated in all rounds of
OECD’s PISA, starting in 2000. The Swiss education authorities found it
sufficient to participate in PISA rather than in PISA and TIMSS given
that the two tests assess students’ learning outcomes for the same
subjects, albeit in different grades or age groups, respectively. The
discontinuation of Swiss participation in TIMSS is simply a reflection of
their disinterest and not, as sometimes assumed with systems that slip
or rank below expectations, an indication of political anxiety about
potentially harmful results. In fact, Switzerland scores were consistently
above OECD average in mathematics and science since 2006. The
country ranks first in mathematics among European countries.

As for the second under-explored area, the exclusive preoccupation
with demand-side rationales has distracted attention from the supply-
side. What do OECD, IEA and other international organizations under-
take to keep governments’ interest in participation alive? An analysis of
strategies, issued by the governing boards of the organizations them-
selves, would be necessary to address the question (e.g., OECD, 2019).
For example, for the PISA test, the OECD has created incentives to
participate by adding a third innovative domain onto the test. As such,
generating novelty is one of the mechanisms to ensure continued en-
gagement. Another strategy was to expand the scope of participating
countries by first allowing non-OECD countries (“partner countries”)
and then “economies” or municipalities (e.g. Baku-Azerbaijan, Mir-
anda-Venezuela, Shanghai-China) to participate. Similarly, in TIMSS,
participation has expanded from traditional IEA partner countries to
include “benchmarking participants” (eg. Buenos Aires-Argentina,
Dubai-UAE, Quebec-Canada). An important effect of the boom of ILSAs
is, as Gorur (2016) has shown, is that governments start to “see like
PISA,” that is, internalizing the logic of ILSAs by attempting to make
learning measurable, calculable, comparable, and accountable. In the
same vein, Verger et al. (2019) have documented the global spread of
test-based accountability reforms under the influence of ILSA partici-
pation. They show that the number of countries participating in ILSAs
and the number of tests administered to students in a country have
increased exponentially in the new millennium. Periodically, the global
testing industry has come under siege for developing tests while si-
multaneously selling textbooks and teacher training materials in pre-
paration for these tests (Hogan et al., 2016). Unsurprisingly, the pro-
liferation of ILSA testing and the global commercialization of test-based
accountability has become an object of intense academic curiosity and
inquiry (Verger and Parcerisa, 2017; Lewis, 2017). Some have shown
how the global education industry has succeeded in extending its reach
by brokering education policies that require periodical testing of stu-
dents, either through international benchmarking exercises or utilizing
standards-based curriculum and accountability reforms. Once the de-
mand has been created and governments start to “see like PISA,” global
actors sell their tests for an ever-increasing number of subjects, grade
levels, and educational systems. In addition to PISA, we now have PISA-
D (PISA for Development), PISA for Schools, and a proposed “Baby
PISA” (International Early Learning and Child Well-Being study), that
are administered all three years worldwide.

As mentioned above, the positive incentives that the OECD and the
global testing industry have created to ensure continued participation
are currently under-explored. Even less examined, however, are the less
visible coercive strategies used to reinforce participation in ILSAs,
particularly through generating penalties for non-participation. This
current study contributes to the second, supply-side, area of research.
Specifically, a considerable body of evidence from our analyses show
that World Bank’s HCI method of intra- and extrapolations in effect
penalizes governments that participate in one test but not in both, or
participates exclusively in regional tests.

3. Human Capital Index and the long-standing ILSA comparability
conundrum

In devising the Human Capital Index (HCI), the World Bank creates
two new indicators: Harmonized Learning Outcome (HLO) and Learning
Adjusted Years of School (LAYS). Firstly, the Bank synchronizes student
achievement test results drawn from various international and regional
test programs by producing a ‘learning exchange rate’ based on test-
overlap systems (World Bank, 2018b, p. 8). Using this approach, the
HLO scale maps all available country scores on ILSAs and regional test
programs to a TIMSS-equivalent system ranging 300–625 points. Sec-
ondly, using a given country’s HLO as percentage of a Bank-chosen ‘full
learning’ benchmark: 625 TIMSS-equivalent points, LAYS is calculated
to adjust for the amount of learning that occurs during the expected
years of schooling in said country, which is a traditional measure of
educational quantity. According to the World Bank (2018a, 2018d), this
computed result reflects how much effective learning has occurred,
relative to the benchmark case. In Table 1, we present descriptive in-
formation for the five education systems with the smallest gap and
those with the largest gap between LAYS and Expected Years of
Schooling, as indicated in the final column of Table 1. For instance, in
2015, Singapore’s HLO score was 581 points, which signifies that ap-
proximately 93 percent of all potential learning was realized, relative to
the 625-point ‘full learning’ benchmark case. In other words, while
Singaporean students are expected to attend 13.9 years of school, the
World Bank (2018a) calculations indicate that only 12.9 years of
schooling were effective learning. In contrary, students in Ghana are
estimated to realize only 5.7 years of their potential learning when the
schooling expectation is 11.6 years, in other words, more than half of
their time spent at school are considered to be ineffective by this metric.

In this extrapolation exercise, the Bank’s central assumption in
harmonizing different ILSAs and regional tests into one concerted scale
is that these test programs are inherently comparable, and more spe-
cifically, the World Bank (2018c, p. 10) believes that all variation in
score distributions on each test “can be attributed entirely to the as-
sessments themselves.” In other words, successful synchronization of
HLO scores requires that the only difference between test programs to
be exclusively test difficulty related. However, as the vast literature that
critically examines the systemic incomparability of ILSAs has pointed
out (see Brown et al., 2007; Ercikan and Koh, 2005; Kreiner and
Christensen, 2014; Oliveri and Ercikan, 2011; Rutkowski and
Rutkowski, 2018), this is an unwarranted claim and there exists at least
four major reasons why this assumption will not hold.

First, while many ILSAs and regional assessments share similar vi-
sions of improving educational quality, they are run by different testing
agencies and vary substantively in terms of objective, domain, and

Table 1
Human Capital Index and its Education Component, Select Countries and
Economies.
Source: (World Bank, 2018a, d). Author’s compilation.

Countries/
Economies

Human
Capital
Index

Harmonized
Learning
Outcomes

Learning-
Adjusted
Years of
School (1)

Expected
Years of
School (2)

Difference:
(1) - (2)

Singapore 0.88 580.9 12.9 13.9 −1.0
South Korea 0.84 563.1 12.2 13.6 −1.3
Japan 0.84 563.4 12.3 13.6 −1.3
Hong Kong 0.82 561.9 12.1 13.4 −1.4
Macao 0.76 545.3 11.0 12.6 −1.6
… … … … … …
Dominican

Republic
0.49 350.1 6.3 11.3 −5.0

Haiti 0.45 345.4 6.3 11.4 −5.1
Kosovo 0.56 374.8 7.7 12.8 −5.1
Guyana 0.49 346.4 6.7 12.1 −5.4
Ghana 0.44 307.3 5.7 11.6 −5.9
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design. Broadly speaking, there exists two distinct class of test pro-
grams, one that primarily focuses on evaluating skills, literacy, and
competencies, and another that assesses learning outcomes that are
more closely aligned with curriculum input (Heyneman and Lee, 2014;
Lietz et al., 2017). For instance, ILSAs such as PISA, PIRLS, etc. fall into
this first category of skills- and competency-based assessments that
evaluate broad definitions of scholastic literacy, while TIMSS,
SACMEQ, etc. are designed as curriculum-based student achievement
tests. Consequently, resulting from having distinct test-specific objec-
tives, ILSAs tend to adopt very different approaches in study domain
and test design. On the one hand, PISA comprehensively covers reading,
math, and science using a subject-focused three-year rotation cycle
(OECD, 1999). On the other hand, TIMSS, PIRLS, SACMEQ are both
subject- and curriculum-specific (Martin et al., 2012), such that TIMSS
evaluates only math and science, while PIRLS and early versions of
SACMEQ only test students on reading. In addition, test design varies
drastically among ILSAs. For example, PISA, TIMSS, PIRLS rely on Item
Response Theory (IRT) modelling in test administration, such that each
student only completes a subset of the total pool of test materials,
whereas in SACMEQ, each student completes all designed test materials
(Wasanga et al., 2012). Moreover, in terms of item design, the average
length of reading texts on PIRLS is about twice the length of those on
PISA (Lietz et al., 2017) and test items are also screened more closely
for cultural sensitivity (Martin and Mullis, 2012). These test objective,
domain, and design differences are intricate but introduce substantial
uncertainty in estimating population-level achievement results
(Rutkowski and Rutkowski, 2018).

Second, the list of participant countries, target population, and
sampling approach vary substantively among test programs. For in-
stance, PISA participants include primarily OECD member countries
and several invited OECD partner systems representing a large cluster
of the world’s largest economies, whereas the latest wave of TIMSS and
PIRLS included more than twenty Central Asian, African, and Middle
Eastern participant systems (Rutkowski and Rutkowski, 2018). In con-
trast, LLECE, SACMEQ, and EGRA are regional test programs and are
exclusive to participants within a common geography. At the same
time, high participation costs pose a crucial barrier for many countries,
as total test administration fees could surmount to as high as US$ 2
million per round (Engel and Rutkowski, 2018). While some of this cost
is offset by multilateral donors such as the World Bank (Addey and
Sellar, 2019; Lockheed, 2013), domestic taxpayers are likely sponsoring
a large portion of current and future rounds of ILSA participation (Engel
and Rutkowski, 2018). In terms of target population, some ILSAs adopt
an age-based approach while others use a grade-based approach, which
could lead to as much as two years in the variation in sample age mean
at the country-level (O’Leary, 2001). Another key sampling difference is
in sampling units. For instance, while PISA and TIMSS both sample
schools at the first stage using proportional-to-size sampling, the second
stage for PISA randomly selects students within schools, whereas TIMSS
surveys entire intact classrooms (Joncas and Foy, 2012). Finally, even
within the same country, different test programs may survey drastically
different student populations (Morsy et al., 2018). For instance, only in
2015 did PISA and TIMSS coincide in the same test year, which raises
concerns regarding timing saliency and cohort differences. In addition,
using the case of Viet Nam, Glewwe et al. (2017) find that PISA student
samples are biased upwards in terms of socio-economic status, and that
the PISA sample excluded about half of all Vietnamese 15-year-olds
who were not enrolled in educational institutions. In retrospect, if the
sampled population across different test programs vary substantially,
the validity of comparisons generated from synchronizing results across
test programs is critically jeopardized.

Third, the salience of school quality and non-school factors fluc-
tuates considerably across systems, making the validity of ILSA com-
parisons questionable. Specifically, a large body of studies examining
the cross-national relationship between school quality and student
achievement has documented that the relationship is nuanced not only

across country contexts but also across time. For instance, Heyneman
and Loxley (1983), Baker et al. (2002), Gamoran and Long (2007),
Chudgar and Luschei (2009) and Chiu and Chow (2010) have shown
that there exist systematic differences in patterns of student achieve-
ment that are highly context- and time-dependent. In addition, a related
class of studies highlighting the importance of cultural and historical
context has directly questioned whether it is appropriate to attribute
strong performance on ILSAs to the soundness of education systems or
policies (Steiner-Khamsi and Waldow, 2012; Sellar and Lingard, 2013;
Steiner-Khamsi, 2013; Andon et al., 2014; Feniger and Lefstein, 2014;
Liu, 2016). For one, studies have shown that public inputs up to the
time when students partake in such assessments are not the same cross-
nationally, especially in terms of early childhood learning opportunities
(Beese and Liang, 2010; OECD, 2011; Gamboa and Waltenberg, 2012).
For another, child development conditions at home vary substantially
across systems, especially family educational expectations and invest-
ments (Kao and Thompson, 2003; Martins and Veiga, 2010; Xu and
Hampden-Thompson, 2011; Merry, 2013; Hartas, 2015). Moreover, He
and van de Vijver (2013), Zhang et al. (2015), and Perera and
Asadullah (2019) find that many school-unrelated contextual factors
make direct comparison of ILSA results problematic, since observed
score differences can be attributed to underlying family-, cultural-, or
measurement-related variation rather than exclusively performance-
based.

Fourth, differences in measurement technology and technical stan-
dards on each type of tests are considerable. To this end, mode effects of
test-administration type have been extensively documented in the as-
sessment literature that substantial differences in results exist between
‘paper & pencil’ and computer-administered tests (Kroehne and
Martens, 2011; Jerrim, 2016). In particular, students in 58 countries
and economies participated in the computer-administered PISA 2015
while another 15 countries administered the paper and pencil version.
In contrast, all TIMSS 2015 and previous waves of other testing pro-
grams were exclusively conducted on paper. Using data from PISA
2015-trials, Jerrim et al. (2018) have shown that students who com-
pleted the computer-based version performed consistently worse than
those who completed the paper-based test, with differences of up to
0.26 standard deviations. This computer-administration induced score
penalty equates almost a full year of learning according to OECD (2016)
guidance. In addition, technical quality across different test programs in
administration, grading, and standardization are reasonably expected
to vary due to the high-level of specificity involved with computer-as-
sisted test implementation (Lietz et al., 2017). Therefore, conversions
across tests and years without accounting for differences in mode of
test-administration effect or technical standards will inevitably in-
troduce bias unrelated to student performance, making cross-country
comparison results unreliable.

4. Methodology

In the analytic section, we use Harmonized Learning Outcome (HLO)
scores information from the World Bank’s Human Capital Index (HCI)
database, and merge it by-country and by-year to each country’s eco-
nomic and geographic characteristic information available through the
2019 World Development Indicators dataset. In addition, we assemble
publicly-available ILSA and regional test program participation records
from institutional databases where these tests are organized, namely
the OECD, IEA, UNESCO, etc. Our analysis first begins with a de-
scriptive analysis in understanding how test-overlap systems are sys-
tematically different from ones that exclusively partake in one test
program. Secondly, we examine the (in)consistency of the ‘learning
exchange rate’ which sits at the core of the HLO synchronization pro-
cedure. Following World Bank’s (2018c) ratio-linking approach, we
reproduce the ‘learning exchange rate’ informatioon between PISA and
TIMSS by calculating the ratio of observed scores on the two test pro-
grams. Thirdly, we use the PISA-TIMSS pair to illustrate how test-
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overlap systems in effect offer little sample ‘overlap’ and representa-
tiveness even though they participate in both test programs.

As a final analytic step, we evaluate whether test program partici-
pation is associated with a ‘penalty’ score for non-overlap systems.
Operationally, we fit an Ordinary Least Squares (OLS) multiple regres-
sion model in assessing the observed differences in HLO scores, mea-
sured in TIMSS-equivalent point units, between systems that participate
exclusively in one test program, either ILSA or regional, as opposed to
systems partaking in both PISA and TIMSS. In detail, we regress HLO
scores for system i in year t on a set of TestType dummies and control
covariates, in the following form:= + ∙ + ∙ +HLO β γ TestType X δ εit k it0

such that β0, or the constant coefficient, represents the HLO score for
the reference group “Both PISA & TIMSS,” while a cluster of coefficients
γk indicates the observed differences in HLO points by test-program
participation type k, relative to the reference group. In our model
specification, we also include a vector of control variables, X , such as
test-year and region fixed-effects which account for year- and region-
varying observable and unobservable factors, as well as including
country-level income information, represented by GDP per capita in
2015 Purchasing Power Parity terms, in order to account for country-
level economy driven variation. εit is the remaining error-term.

5. Findings

In Table 2, using two illustrative pairs of ILSA-to-ILSA and regional-
to-ILSA conversion representing upper and lower ILSA grades respec-
tively, we shed light on the extent to which test-overlap systems, those
who participate in multiple ILSAs or regional test programs, are sys-
tematically different from systems that participate exclusively in only
one test program. In Table 2, Panel A, we observe that systems that
participate in both PISA and TIMSS in 2015 exhibit much higher in-
come levels, approximately PPP$11,000 to PPP$13,000 more on
average, than systems that only choose to participate in either PISA or
TIMSS. In addition, these test-overlap systems also appear on average to
provide more years of formal schooling opportunities for young chil-
dren. In Panel B, similar patterns are observed for the only test-overlap

country in SACMEQ 2013 and TIMSS 2011, Botswana, whose income is
double that of systems that had participated only in SACMEQ. More-
over, Botswana also provides about one additional year of formal
schooling by the end of primary school, compared to ‘SACMEQ Only’
and ‘TIMSS Only’ counterparts.

Next, we evaluate the (in)consistency of the ‘learning exchange rate’
which sits at the core of the HLO conversion procedure. Importantly,
World Bank’s (2018a, 2018b, 2018c) ILSA and regional test synchro-
nization approach relies on the validity and reliability of ‘learning ex-
change rate’ that the Bank constructs using test-overlap systems’ per-
formance results as linking mechanism. According to the World Bank
(2018b, p.8), the learning exchange rate effectively “captures the dif-
ference in difficulty between the two assessments” such that it “enables
the construction of globally comparable learning outcomes.” To put
simply, in order for the conversion to be valid and reliable, the learning
exchange rate must only reflect test difficulty differences between the
two assessments, and consequently cannot be a function of non-diffi-
culty factors such as time, proficiency, schooling level, or data avail-
ability, etc.

In other words, one should expect the learning exchange rate to
remain relatively constant, which would be consistent with the World
Bank’s (2018b) assumption that test difficulty is country-invariant. As
shown in Fig. 1, if this were the case, one would expect a tight vertical
spread on the Y-axis, representing a consistent learning exchange rate
across systems. However, the learning exchange rate is observed to vary
substantially, ranging from 0.865 (South Korea) to 1.005 (New
Zealand). While this range of 0.140 is seemingly small, it can have a
large multiplier effect in subsequent test score conversions, especially in
cross-test and cross-year computations. For instance, this fluctuation in
the exchange rate can represent as much as a 70-point difference on the
imputed HLO scale for a system scoring at 500 TIMSS-equivalent points,
in other words, as much as 14 percent of a system’s score could be
varying due to exchange rate instability alone. This is expected to
drastically affects the validity and reliability of HLO harmonization
across test programs. More importantly, as we observe in Fig. 1, the
learning exchange rate between PISA and TIMSS appears to be nega-
tively correlated with TIMSS performance, as indicated by the down-
ward trend in country observations. This goes to suggest that when test-

Table 2
Comparing Test-Overlap and non-Overlap Country Profiles, PISA 2015 and TIMSS 2015.
Source: OECD (2016); Mullis et al. (2016); UNESCO (2018); World Bank (2019b). Authors’ compilation.

List of Countries/Economies Average GDP per capita
(PPP 2015)

Average Formal Schooling (Years):
Pre-primary & Primary

Panel A | PISA 2015 & TIMSS 2015 (8th Grade) Linking
Test-Overlap Argentina (Bueno Aires), Australia, Canada, Chile, Chinese Taipei, Georgia, Hong Kong,

Hungary, Ireland, Israel, Italy, Japan, Jordan, Kazakhstan, Lebanon, Lithuania, Malaysia,
Malta, New Zealand, Norway, Qatar, Russian Federation, Singapore, Slovenia, South
Korea, Sweden, Thailand, Turkey, USA, United Arab Emirates

29314 8.67

PISA 2015 Only Albania, Algeria, Belgium, Brazil, China, Colombia, Costa Rica, Dominican Republic,
Estonia, Greece, Iceland, Kosovo, Luxembourg, Macedonia, Mexico, Moldova,
Montenegro, Peru, Romania, Switzerland, Tunisia, Uruguay, Viet Nam, United Kingdom

18273 8.39

TIMSS 2015 Only Azerbaijan, Bahrain, Botswana, Cyprus, Egypt, Iran, Kazakhstan, Kuwait, Morocco,
Oman, Saudi Arabia, Serbia, South Africa

16691 8.08

Panel B | SACMEQ 2013 & TIMSS 2011 (4th Grade) Linking
Test-Overlap Botswana 15357 10

SACMEQ 2013
Only

Kenya, Lesotho, Mauritius, Malawi, Namibia, Seychelles, Uganda, Zambia, Zimbabwe 7530 9.05

TIMSS 2011 Only Azerbaijan, Bahrain, Botswana, Canada, Chile, Chinese Taipei, Cyprus, Egypt, Georgia,
Hong Kong, Hungary, Iran, Ireland, Israel, Italy, Japan, Jordan, Kazakhstan, Kuwait,
Lebanon, Lithuania, Malaysia, Malta, Morocco, New Zealand, Norway, Oman, Qatar,
Russian Federation, Saudi Arabia, Serbia, Singapore, Slovenia, Sweden, South Africa,
South Korea, Thailand, Turkey, USA, United Arab Emirates

21411 8.45
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overlap systems happen to be a cluster of top-performers, such as Sin-
gapore, South Korea, Japan, etc., the conversion ratio tends to be
downward-biased; whereas, if test-overlap systems are relatively low-
performing, such as Jordan, Chile, Thailand, etc., the exchange rate will
be upward-biased. In other words, the imputation results derived using
the World Bank’s (2018b) approach are highly dependent on which
systems are included as test-overlap in a given year, which introduces
substantial performance-unrelated noise into conversions made. To this
end, our results presented here indicate that relative test difficulty is in
fact country-specific, which is in contradiction with the World Bank’s
(2018b) assumption that test difficulty is country-invariant.

Consequently, in Table 3, focusing on PISA- and TIMSS-overlap
systems as example, we try to shed light on why the learning exchange
rate could be so inconsistent across systems by presenting the absolute
numeric difference in sample characteristics, by country. In particular,
we find that even within the same test system and test year, different
test programs have chosen drastically different sampling outcomes.
Importantly, PISA and TIMSS samples for the same system and year can
yield on average an 11 percentage-point difference in target population
coverage (Table 3, Column 3) and an average of 1.6 years in age gap
(Table 3, Column 6). In other words, drastically different students and
cohorts are chosen to participate in these two test programs, and
therefore the learning exchange rate reflects not only test difficulty
differences but also remains a function of sampling design and cohort
effects, among other factors that vary across tests and years.

In Table 4, we quantify the magnitude of non- and partial-partici-
pation penalty by presenting results from regressing HLO scores on
systems’ test participation type for 157 countries and economies in-
cluded in the World Bank HCI dataset. Specifically, Model 1 reports
unstandardized coefficients from the base model with no control vari-
ables, Model 2 indicates that with additional test-year and country-re-
gion variation accounted for, and results reported in Model 3 includes
controlling for GDP per capita information. Firstly, in Model 1, we can
observe that about 57.8 percent of the variation in HLO scores is as-
sociated with test participation type. Importantly, systems who partake
in only PISA is associated with 62.66 HLO points (p< .001) less than
test-overlap systems who participate in both PISA and TIMSS. This
difference in HLO scores is observed to be -71.47 points (p< .001)
between TIMSS/PIRLS participants and test-overlap systems who par-
ticipate in both PISA and TIMSS test programs. Accordingly, such as-
sociated gaps translate to approximately 2 full years of learning (OECD,
2016). Similar trends are observed for all test types, with the average
score difference for ‘SACMEQ only’ systems to be -94.41 points

Fig. 1. ‘Learning Exchange Rate’ among Test-Overlap Systems, PISA and TIMSS 2015.
Source: OECD (2016) and Mullis et al. (2016). Authors’ compilation.

Table 3
Comparing PISA 2015 and TIMSS 2015 (8th Grade) Samples, Test-Overlap
Systems.
Source: OECD (2016) and Mullis et al. (2016). Authors’ compilation.

Countries/
Economies

Target
Population
Coverage (%)

Difference:
|(1)–(2)|

Sample Mean:
Age (Years)

Difference:
|(3) - (4)|

PISA
2015
(1)

TIMSS
2015
(2)

PISA
2015
(3)

TIMSS
2015
(4)

Argentina
(Bueno
Aires)

55.0 97.3 42.3 15.8 14.1 1.7

Australia 91.0 96.5 5.5 15.8 14.0 1.8
Canada 84.0 95.2 11.2 15.8 14.0 1.8
Chile 80.0 98.1 18.1 15.8 14.3 1.5
Chinese Taipei 85.0 98.3 13.3 15.8 14.3 1.5
Georgia 79.0 94.0 15 15.9 13.7 2.2
Hong Kong

SAR, China
89.0 98.4 9.4 15.8 14.2 1.6

Hungary 90.0 94.6 4.6 15.8 14.7 1.1
Ireland 96.0 98.8 2.8 15.7 14.4 1.3
Israel 94.0 77.2 16.8 15.7 14.0 1.7
Italy 80.0 93.9 13.9 15.8 13.8 2.0
Japan 95.0 97.7 2.7 15.8 14.5 1.3
Jordan 86.0 99.0 13 15.9 13.8 2.1
Kazakhstan 91.0 96.2 5.2 15.8 14.3 1.5
Korea,

Republic of
92.0 79.0 13 15.7 14.4 1.3

Lebanon 66.0 98.7 32.7 15.8 14.2 1.6
Lithuania 90.0 93.0 3 15.8 14.7 1.1
Malaysia 76.0 95.6 19.6 15.8 14.3 1.5
Malta 98.0 96.5 1.5 15.7 13.9 1.8
New Zealand 90.0 96.9 6.9 15.8 14.1 1.7
Norway 91.0 96.3 5.3 15.8 13.7 2.1
Qatar 93.0 96.8 3.8 15.7 14.1 1.6
Russian

Federation
95.0 96.3 1.3 15.8 14.7 1.1

Singapore 96.0 93.0 3 15.8 14.2 1.6
Slovenia 93.0 96.2 3.2 15.7 13.8 1.9
Sweden 94.0 94.5 0.5 15.7 14.7 1.0
Thailand 71.0 99.8 28.8 15.7 14.4 1.3
Turkey 70.0 98.7 28.7 15.8 13.9 1.9
United Arab

Emirates
91.0 96.4 5.4 15.8 13.9 1.9

United States 84.0 93.2 9.2 15.8 14.2 1.6
Column Mean 86.4 95.2 11.3 15.8 14.2 1.6
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(p< .001), ‘LLECE Only’ systems to be -101.16 points (p< .001),
‘PASEC Only’ and ‘EGRA Only’ systems are -123.31 (p< .001) and
-141.7 points (p< .001) respectively. Such differences on HLO scores
are to be interpreted as due to a broad class of factors, including test
design, timing, sampling, non-school factors. Secondly, in Model 2, we
eliminate time- and geography-varying influences by including test year
and region fixed-effects. Results show that the score ‘penalty’ by test
participation persists for all test program types. For instance, ‘PISA
Only’ and ‘TIMSS/PIRLS Only’ systems exhibit an average of 49.87
lower points (p< .001) and 36.59 lower points (p< .001) relative to
test-overlap systems. To be expected, as regional test programs are re-
gion-specific, score differences are substantially reduced. Thirdly, in
Model 3, where we include purchasing-power adjusted per capita GDP
information as additional control, lower HLO scores continue to be
substantial and statistically significant for ‘PISA Only’ (-37.43 points,
p< .001), ‘TIMSS/PIRLS Only’ (-28.47 points, p< .001) and ‘EGRA
Only’ systems (-72.36 points, p< .001), with the first two categories
still indicating more than a full year difference in student learning
terms. After accounting for per capita GDP, systems that only partici-
pate in regional test programs SACMEQ, LLECE, or PASEC are shown to
be statistically indifferent from systems that participate in both PISA
and TIMSS.

6. Discussion and conclusion

This study began with the following research questions: (i) How
reliable is the intra-test exchange rate? (ii) Does participation on dif-
ferent test programs matter for HLO results, and how much is the as-
sociated penalty? Firstly, our results show that the learning exchange
rate that World Bank devised to synchronize scores across ILSA and
regional test programs is highly volatile and can represent as much as a
70-point difference on the imputed scale for a country scoring at 500
TIMSS-equivalent points. This finding implies that the Bank’s algo-
rithmic approach is highly inadequate in addressing the inter- and
intra-country sample differences, and which systems fall in the test-
overlap subset can have large influences on test harmonization. For
one, Lockheed (2015) has shown that country participation on ILSAs is

highly selective, and the propensity to participate in PISA is markedly
higher for systems that are OECD members, located in Europe and
Central Asia, high- and upper-middle-income countries, and with prior
national or ILSA participation experience. For another, in this study, we
find that test-specific sample differences are substantial, for instance,
there is little sample-overlap even within test-overlap systems such that
there exists on average an 11 percentage-point difference in target
population coverage and 1.6 years in age gap between PISA and TIMSS
samples for the same country and year.

Secondly, our results indicate that test participation type alone ac-
counts for about 57.8 percent of the variation in HLO scores, and the
score penalty effect associated with non- or partial-participation is
evaluated to be between 1 to 2 full years of learning, and is especially
salient for systems that exclusively participate in regional test pro-
grams. To revert to the Swiss example, mentioned above: Switzerland
ranks second in the Human Development Index (0.944) but twentieth
on the Human Capital Index (0.767). Switzerland’s relatively low
Learning Adjusted Years of Schooling (11.1 years) is affected by its non-
participation in TIMSS, which required PISA-TIMSS score conversion.
As we have demonstrated in this study, had Switzerland participated
both in PISA and TIMSS, one would expect an average increase of 37
points on the World Bank’s HLO scale, which would translate to having
almost a full year more learning. Importantly, findings in our study
uncover this large yet ‘invisible’ score penalty embedded in the syn-
chronization procedure, which adds to existing studies that have ex-
amined monetary (Engel and Rutkowski, 2018) and non-monetary costs
(Addey and Sellar, 2019) to participate in ILSA. This non-trivial score
penalty that is contingent on ILSA participation type not only affects
country decisions as a hidden cost in choosing to participate in one test
over another or not participating at all, but also adds coercive rationales
to systems’ ILSA engagement in that the World Bank (2018a) plans to
use this information to assess and reevaluate its lending programs as
well as align political and economic incentives.

As this study has argued, the core issues challenging the validity and
reliability of the Bank’s HLO score synchronization procedure and
subsequent HCI calculations are in three-folds. Firstly, researchers and
policy makers should realize that all ILSA and regional programs have
specific and differentiated goals, and some are purposefully devised to
ask and answer very different sets of questions. Without accounting for
the critical differences in test objective, domain, and design, the Bank’s
HLO synchronization exercise becomes a liability for the new HCI
computation and greatly undermines its credibility, as indicated
through our results. Secondly, it is crucial to acknowledge that in ILSA
test synchronization, country-overlap does not equate sample overlap.
As our finding illustrate, this sample overlap assumption is unlikely to
hold even for the same country within the same test-year, and in-
adequate accounting of sample differences creates large volatility in
exchange rate computations among test programs. To this end, post hoc
adjustments to correct for test-specific sample variation are vital to
ensure score convertibility, should the Bank continues its HLO calcu-
lations. Thirdly, measurement errors, such as test exchange rate vola-
tility, in each step of the synchronization process may have substantial
multiplier effects later on, and introduce large biases due to the struc-
ture of the Bank’s test-specific score, HLO, LAYS, HCI linking approach.
As our results have shown, test exchange rate volatility can affect a
median-performing country’s HLO score by as much as 14 percent.
Therefore, in order for the Human Capital Index to be valid and reliable
enough to be act as a global human capital and education quality
tracking instrument, these aforementioned challenges should not be
taken lightly.

As the World Bank’s (2017) flagship publication World Develop-
ment Report points out, too often meaningful learning is absent in
schools. To this end, the Bank’s renewed interests in human capital and
education development, and its global call-to-action to investing in
people marks an important milestone for education experts at the Bank.
At the same time, we should not forget that there is no direct

Table 4
OLS regression results on the relationship between ILSA participation type and
HLO scores.

Dependent Variable HLO

Test Participation Type (Reference =
Both PISA & TIMSS)

Model (1) Model (2) Model (3)

PISA Only −62.66*** −49.87*** −37.43***
(11.48) (10.01) (9.11)

TIMSS/PIRLS Only −71.47*** −36.59** −28.47**
(12.21) (11.62) (10.39)

SACMEQ Only −94.41*** −28.37 −7.20
(15.26) (28.32) (25.35)

LLECE Only −101.16*** −58.95* −45.48
(18.42) (27.55) (24.53)

PASEC Only −123.31*** −74.83* −29.37
(13.54) (28.98) (26.77)

EGRA Only −141.70*** −109.59*** −72.36***
(10.25) (20.55) (19.23)

Control Covariates
Test Year Fixed-Effect No Yes Yes
Region Fixed-Effect No Yes Yes
GDP per capita (2015 PPP) No No Yes

Constant 504.43*** 480.87*** 217.96***
(6.83) (10.95) (58.34)

Adj. R-squared .578 .729 .787
N 157 157 157

Note: standard errors in parentheses, * denotes p-values< .05, ** denotes p-
values< .01, *** denotes p-values< .001.
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relationship between testing learning outcomes and improving the
quality of education in schools. Many changes at the policy and practice
levels are needed to have an effect on meaningful and effective
learning. In effect, the introduction of test-based accountability reforms
has led to a proliferation of standardized student assessment (Verger
et al., 2019). The shift towards outcomes-based school reform is not
without its critics. It is one of the most visible signposts of the market
model in education that, as part and parcel of neo-liberal reforms, en-
courages businesses to enter the education sector first as providers of
goods and services (Robertson and Verger, 2012; see also Steiner-
Khamsi and Draxler, 2018), and more recently also as policy advisors
(Lubienski, 2019). The reliance on outcomes measurement, coupled
with the globalization of the knowledge-based economy, explains the
sharp rise of global indicators that measure and compare national de-
velopments such as, the Human Capital Index. ‘Governance by num-
bers’ (Grek, 2008) or ‘soft power’ (Niemann and Martens, 2018) have
been some of the terms to capture the coercion that is implied with
global monitoring, evaluation, and international comparisons.

In addition to the general criticism regarding the global norm-set-
ting for national developments, mentioned above, the new Human
Capital Index (HCI), sitting at the core of the Bank’s ambitious educa-
tion agenda, requires caution in its calculation, usage, and interpreta-
tion. In effect, the intra- and extrapolations to compensate for missing
data introduce a new typology of complexity to ILSA participation, such
that systems which either did not participate or only partially partici-
pated in ILSAs are subject to large score penalties. On the one hand,
existing studies have explored in depth the demand-side reasons why
systems choose to participate in ILSAs. This study, on the other hand,
contributes to the understanding of supply-side practices that are bound
to generate coercive rationales for ILSA participation through score
penalties. Our findings illustrate the source and magnitude of such non-
and partial-participation penalties, which will inevitably complicate
and alter the existing country-ILSA coupling and interaction in the mid-
to-long term. Future studies are much needed to examine this topic
further, and in particular, how Human Capital Index and its related
World Bank programs evolve and project new rationales for systems
that are either not or partially participating ILSA and regional testing.

As this study has attempted to demonstrate, the Human Capital
Index relies on, and in effect exacerbates test-based accountability. It
needs to be considered the new ‘soft power’ governance tool par ex-
cellence, because it penalizes systems that choose not to participate in
international-large scale student assessment. In effect, their score on the
Harmonized Learning Outcome is lowered by 37 points, or equivalent
to 1 full year of learning. In an era of global monitoring of national
development, these “methodological glitches” of the HCI have far-
reaching political and economic consequences that need to be examined
in future research.
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