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Abstract
We pool expanded international data from the PIAAC survey of adult skills across Canadian
provinces and other participating countries to replicate the IALS-based analysis by Coulombe,
Tremblay and Marchand (2004) as well as Coulombe and Tremblay (2006) based on more recent
and more comprehensive data on the literacy skills of the adult population. Our results from panel
estimations over the period 1970-2015 suggest that literacy skills have become an even more
important determinant of economic growth than was suggested by the IALS analysis covering the
period 1960-1995. Our estimates imply long-run elasticities of GDP per capita with respect to
literacy of about 3. This means that in the long run a one-percent increase in literacy translates into
a three-percent increase in GDP per capita. Short-run elasticities are also substantial. A closer
inspection of the data additionally reveals that investment in the human capital of women appears
to have a much stronger effect on subsequent growth than investment in the human capital of men.
Our results also suggest that reducing the proportion of low skilled adults yields a positive effect
on economic growth. We also find that skills are somewhat less important for economic
performance in Canada than in other developed countries; at the same time, low literacy
proficiency of the population appears to be less detrimental for economic performance in Canada
than elsewhere in the world.
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I.

Introduction
Economic and social policy is guided by policy makers’ assumptions about how best to

increase wealth and the welfare of populations. Policy makers in the OECD area have long
appreciated that human capital – what individuals know and can apply to productive use – is an
important enough determinant of long-term growth to justify significant investments that serve to
increase the quantity of education. However, policy makers have paid much less attention to
understanding how differences in the quality and equity of educational output have influenced key
growth rates or how differences in the efficiency of the markets that mediate skill supply and
demand influence rates of skill utilization. At the same time, research that can inform policy about
the importance of the quality of the educational output for national productivity and economic
growth is scarce. At the macro level, the bulk of the empirical literature relies almost exclusively
on available quantity-based measures of human capital investment such as educational attainment,
which is typically proxied by years of schooling. While such measures are certainly related to
human capital and, in fact, have been shown to be economically relevant, they nevertheless might
be poor approximations of effective human capital.
Until fairly recently, almost all of the international evidence on quality-based measures of
human capital came from the International Adult Literacy Survey (IALS) and the Adult Literacy
and Life Skills Survey (ALL). These surveys were the world’s first comparative assessments of
the cognitive skills of the adult population. Analysis of individual data from these surveys provided
evidence of the significant impact that differences in literacy skills on a broad range of individual
labor-market, educational, social, and health outcomes. More specifically, literacy skill differences
were shown to influence the incidence of employment, working time, the average spell durations
of unemployment, as well as income and the probability of receiving social benefits (McCracken
and Murray, 2009). Analysis also established that low-skilled adults were 2.5 to 13 times more
likely of experiencing poor outcomes even after adjustment for a broad range of other variables
known to influence outcomes (DataAngel, 2009). 1 Research undertaken in Canada suggested that
these relationships are causal, a finding that suggests that investments in adult skill upgrading
might yield significant returns to both individuals and firms (SRDC, 2014).
At the macro-economic level, analysis of the 1994-1998 IALS data established that
1

The analysis adjusted for age group, gender, education, one-digit occupation, immigrant status, official
language, disability status, urban/rural, and Aboriginal status.
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differences in average adult literacy skills – the ability to read and apply what is read to productive
use – was an important determinant of differences in the growth of GDP per capita among OECD
economies (Coulombe, Tremblay and Marchand, 2004; Coulombe and Tremblay, 2006). In fact,
literacy scores were better predictors of long-run growth of OECD countries than educational
attainment data. Additionally, higher proportions of adults with relatively low skill levels – at
levels 1 and 2 on the international proficiency scales – yielded significant reductions in rates of
economic growth over the long run.
However, skill measures from almost two decades ago may not accurately capture the
situation in economies that have undergone substantial technological change (Autor, Levy, and
Murnane, 2003; Goldin and Katz, 2008; Acemoglu and Autor, 2011). Since the analysis of the
IALS and ALL data was undertaken, the global economy has been in a state of flux precipitated
by a massive increase in the global supply of productive skills, the globalization of markets for
raw materials, financial capital, production technology and R&D, reductions in tariff and nontariff barriers to market entry, and the diffusion of computer technology throughout the world’s
economies.
Recently, a new large-scale assessment of the skills of the adult population was conducted –
the Programme for the International Assessment of Adult Competencies (PIAAC). Compared to
IALS and ALL, PIAAC has greater country coverage, considerably larger sample sizes, and tests
that cover a wider variety of skills. Analysis of the PIAAC data for Canada confirms that the global
changes in the last decades have had a significant impact on the relationship of literacy skill with
individual outcomes, including a substantial increase in the relative wage premia paid to workers
with high literacy skill levels (Canada West Foundation, 2018).
In this report, our aim is to determine how the changes to the global economy have shifted the
impact that literacy skill has on economic growth. We do so by largely replicating the IALS-based
analysis by Coulombe, Tremblay and Marchand (2004) as well as Coulombe and Tremblay (2006),
but use the more recent and more comprehensive PIAAC data across different regions.
Specifically, we construct synthetic time series of literacy skills of labor-market entrants by
exploiting the age structure of the PIAAC data. This allows us to conduct a panel data analysis of
cross-country growth for 31 developed countries and 10 Canadian provinces over the period 19702015.
Our results suggest that literacy skills have become an even more important determinant of

3

economic growth than was suggested by the IALS analysis covering the period 1960-1995. Across
various specifications, we systematically find a strong positive association between literacy and
economic growth. Our estimated coefficients imply long-run (i.e., steady state) elasticities of
output with respect to literacy of about 3. In other words, a one-percent increase in literacy test
scores translates into a three-percent increase in output in the steady state. Using these estimated
elasticities, back-of-the-envelope calculations suggest that the skills acquired by an additional year
of schooling (8 PIAAC points or 3 percent of mean PIAAC skills) increase output by about 9
percent.
Our results reinforce the conclusion of the earlier analysis with IALS data that literacy skills
are an important determinant of economic growth. However, long-run elasticities of GDP growth
implied by our estimations are about twice as large as those obtained using IALS. These results
document the extent to which modern knowledge-based economies value skills.
Text Box: Literacy Skills in PIAAC

The PIAAC literacy measures assess the ability of adults aged 16 to 65 to read information
presented in text, charts and graphs and, importantly, to apply what they have read. Defined thus,
literacy has been shown to have a significant impact on the efficiency of learning and on the
productivity of workers. In an economy in which automation is reducing the demand for workers
who are only required to apply routine procedural knowledge and is increasing the demand for
workers who are able to fluidly solve information-intense problems with the help of computers
and in heterogeneous teams, advanced literacy skill will likely be a prerequisite for getting and
maintaining employment and for attracting a living wage.
Our results also indicate that investment in the human capital of women that precipitates
increases in female literacy skills appears to have a much stronger effect on economic performance
than investment in the human capital of men. Another potential strategy to boost economic
performance is to reduce the share of low literacy achievers (i.e., adults with low literacy
proficiency in PIAAC, conventionally Level 1 and 2) in a country. 2 In fact, decreasing the share
of low-skilled individuals in Canada by 10 percent (from the average of 46 percent to 42 percent)

2
Workers with Level 1 and 2 literacy skill are able to read well enough to learn to apply routine procedural
knowledge efficiently but struggle to acquire the information to solve non-routine problems efficiently. See Annex
B for a detailed description of the proficiency levels.
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would result in a long-run increase of GDI per capita of 770 CAD (using the average Canadian
GDI per capita over the sample period as baseline). 3
When comparing the Canadian provinces to the other countries in our sample, we find that
skills are somewhat less important for economic performance in Canada than elsewhere in the
world. One potential explanation for this finding is that province-level income growth is more
volatile and more prone to other influences compared to country-level growth. At the same time,
the negative effect of low literacy proficiency on economic development is attenuated in the
Canadian sample. One possible rationale behind this result is that Canadian provinces have a rather
small share of individuals with low literacy proficiency. Thus, high-skilled individuals are less
scarce than in other developed countries. If there are decreasing returns to skill investment, as
traditional neoclassical growth theory (see Section II) would suggest, the economic effects of skill
investments will be the lower the higher the skill endowment already is.
The remainder of the report is structured as follows. Section II provides an overview of the
evolution of research in human capital and growth with a special emphasis on how human capital
is measured in various research applications. Section III presents the data, while Section IV
provides graphical evidence on the link between literacy skills and economic growth. Section V
presents our empirical strategy. The main results, together with robustness checks and
heterogeneity analysis, are presented in Section VI. There we also discuss the limitations of our
analysis. Section VII concludes with some policy implications of our results.

II.

Literature Review
Early neoclassical growth models did not consider education as an input to production. These

early theoretical attempts to understand economic growth are based on models characterized by a
neoclassical production function with diminishing returns to capital inputs. This functional form,
however, implies that in the absence of continuing improvements in technology, per capita growth
will cease. This modeling deficiency was initially patched over by assuming that technological
progress occurred in an exogenous manner (Solow, 1956). It was not until the late 1980s and 1990s
that neoclassical growth models were modified to explain technological progress within the
system. Human capital accumulation plays a key role in these models as a main determinant of
technological progress and, thus, long-term economic growth.
3

Note that due to data restrictions for the Canadian provinces, we could not investigate the growth effects of
increasing the population share with high literacy proficiency (i.e., Level 4 or 5 in the PIAAC assessment).
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The idea that human capital could generate long-term sustained growth was one of the critical
features of the “new growth” literature initiated by Lucas (1988) and Romer (1986). The initial
wave of endogenous growth models (Lucas, 1988; Romer, 1986) did not really provide a theory
of technological change, but posited that spillovers of knowledge between producers and external
effects from human capital helped avoid the tendency for diminishing returns to the accumulation
of capital.
The more elaborate incorporation of R&D theories (combined with some form of ex-post
monopoly power) in the growth framework (Aghion and Howitt, 1992; Romer, 1987, 1990a)
further advanced the theoretical understanding of long-term economic growth. In these models,
technological progress results from purposive R&D activity. These models also include some form
of ex-post monopoly power to ensure that R&D activity is rewarded. A key implication of these
models is that the rate of growth can continue to be positive as long as the economy (in the guise
of, for example, entrepreneurs) doesn’t run out of ideas.
Empirical research on the effect of human capital accumulation – in particular education –
emerged in parallel with theory. However, in this literature, measurement issues were and are a
major concern. The traditional approach to investigating effects of human capital on economic
growth is to estimate cross-country growth regressions. These growth regression models relate
countries’ average annual growth in gross domestic product (GDP) per capita over several decades
to measures of human capital and a set of other variables that affect economic growth. Following
Barro (1991) and Mankiw, Romer, and Weil (1992), most results from early cross-country growth
regressions show a significant positive link between quantitative measures of human capital and
economic growth. In particular, primary schooling appears to be a highly important factor for
growth in GDP per capita (see Sala-i-Martin, Doppelhofer, and Miller, 2004).
An alternative approach to estimating the importance of human capital for economic success
is based on panel data models. For example, Islam (1995) implemented a panel data specification
of the Solow production function augmented by human capital that he estimated by splitting up
data covering the 1960-1985 period into five sub-periods for each country. The panel estimation
then allows for the inclusion of country-specific fixed effects to correct for the omitted variable
bias arising due unobserved country-specific differences or shocks. However, as empirical
measure for the steady state level of human capital, Islam (1995) also used a quantitative measure
of human capital, namely the average years of schooling as well as the share of individuals with
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primary, secondary, or tertiary education in total population over 25 years, obtained from Barro
and Lee’s database. Islam’s panel analysis yields mainly insignificant results for the human capital
variables, which is explained by the fact that they only partially capture actual investment in human
capital and do not account for differences in the quality of schooling. Moreover, the used human
capital variables show only little over-time variation, which makes the identification of effects in
a panel setting difficult.
Another potential estimation problem in such a panel framework is that both the explanatory
variables and the outcome of interest are affected by contemporaneous shocks. This would yield
the typical endogeneity problem as any relation between the explanatory variable and outcome
might simply be driven by the shock. In addressing this problem, Barro (1997) uses an estimation
method that takes account of the likely endogeneity of the explanatory variables by using lagged
values as instruments. With respect to human capital, Barro (1997) finds that years of schooling at
the secondary and higher levels for males aged 25 and over do have a significantly positive effect
on growth in the sample of all countries.
Empirical research on the importance of human capital for economic growth was also from
the beginning dominated by concerns about the measurement of human capital. Such measures
play a prominent role in modern cross-country growth regressions (for a detailed review, see
Woessmann, 2003). Until fairly recently, the focus of the empirical literature on human capital has
been basically limited to quantity-based measures of human capital such as years of schooling both
at the micro as well as at the macro level. With data on cognitive skills becoming increasing
available and the ability—in at least a few data sets—to link information on cognitive skills to
subsequent labor market information, has emerged a new strand of literature that studies the effects
of cognitive skills as a direct measure of human capital.
At the macro level, direct measures of cognitive skills prominently entered a growth analysis
in Hanushek and Kimko (2000). More recently, Hanushek and Woessmann (2008) extend the
analysis of Hanushek and Kimko (2000) by including data from additional international student
achievement tests, focusing at an even longer time period (1960–2000) and extending the sample
of countries with available test-score and growth information to 50 countries. Their measure of
cognitive skills is a simple average of the mathematics and science scores over several international
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tests. 4 To make test results comparable between countries and over time, they develop a common
metric. The construction of the common metric builds on data from the U.S. National Assessment
of Educational Progress (NAEP), which is conceptually close to the TIMSS tests and provides
information over time on a consistent basis. 5 The results of Hanushek and Woessmann (2008)
basically confirm the findings of Hanushek and Kimko (2000). Including measures of cognitive
skills in a growth analysis makes the estimated relationship between years of schooling and
economic growth insignificant. Hanushek and Woessmann (2008) conclude that “school
attainment has no independent effect over and above its impact on cognitive skills” (see Hanushek
and Woessmann, 2008, page 639).
Two well-known empirical studies on economic growth based on data from IALS are
Coulombe, Tremblay, and Marchand (2004) and Coulombe and Tremblay (2006). These studies
build on the idea to construct an aggregate human capital measure using IALS scores and then
apply this measure in an analysis of economic growth. 6 In particular, the authors use IALS test
scores directly as an indicator for human capital in panel growth regressions similar to Islam
(1995). They measure differences in human capital investment by constructing a synthetic time
series of the literacy level of the youngest cohort entering the labor market in each period.
Construction of the synthetic time series is based on the age distribution of IALS literacy scores.
The synthetic time series covers 1960–1995 in five-year intervals. For each starting year of a fiveyear interval, the authors use the average literacy rate of the cohort of individuals in the age 17–
25 group for that year. This human capital measure then directly enters the growth regression
equation:
(1)

∆Yit = βYit −1 + ϕ1 S (h) it + ϕ 2 S (k ) it + ϕ 3 nit + ν it ,

4
The cognitive achievement tests used in Hanushek and Woessmann (2008) stem from a variety of sources. In
particular, the data collection in Hanushek and Woessmann (2008) uses information for countries participating in a
cooperative venture under the International Association for the Evaluation of Educational Achievement (IEA) and
from the OECD. For example, the data set includes information from the Trends in International Mathematics and
Science Study (TIMSS) 2003 and from the Programme for International Student Assessment (PISA) studies.

5

For a description of the methods used to create a common scale see Hanushek and Woessmann (2008).

6

Naturally, literacy and numeracy measures provide a proxy for only a small subset of all relevant cognitive
skills, but Hanushek and Zhang (2009) provide some interesting descriptive evidence that shows these literacy test
scores from the perspective of cognitive tests requiring deeper content knowledge and analytical skills. In particular,
they compare IALS scores of individuals between 16 and 25 years of age to the 1995 Third International Mathematics
and Science Study (TIMSS) math scores of students in their final year of upper secondary education, who are between
17 and 20 years of age. The correlation between the average country scores is .73, which suggests that IALS scores
are a reasonable proxy for general skill levels.
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where ∆Yit represents the growth rate of GDP per capita; Yit-1 is the lagged level of GDP per
capita in period t–1; S(k)it is the five-year average ratio of investment to GDP in period t; nit is the
five-year average fertility rate in period t; and νit is a stochastic error term. The key variable of
interest is the measure of human capital, S(h)it, which measures human capital in the beginning of
period t. The indicators for human capital investment in the estimation are either standard quantitybased measures of school attainment or the IALS literacy score measures. In the latter case, the
human capital measure for the growth rate from 1960 to 1964 is based on literacy scores for the
17–25 age group in 1960 (period 0). The quantity-based measures of school attainment are either
average years of schooling from Barro and Lee (2001), the corrected schooling data from Fuente
and Doménech (2006), or a synthetic time series of the reported years of schooling by cohort in
IALS 1994–1998 constructed based on the same methodology as the one used to construct the
literacy time series.
The results from estimating Equation (1) with the IALS literacy measures show significant
positive effects of literacy rates, as a proxy for human capital investment, on GDP growth.
Interestingly, no significant effect on GDP growth can be found when quantity-based measures of
school attainment are used to proxy for human capital investments (see Coulombe and Tremblay,
2006, Table 3). Coulombe and Tremblay (2006) conclude that “these findings suggest that literacy
scores data contain considerably more information about the relative growth performance of
nations than the years-of schooling data” (see Coulombe and Tremblay, 2006, page 19). The
authors argue that there are three possible reasons for this finding. First, literacy scores may simply
be a more accurate measure of the accumulation of human capital than years of schooling because
literacy tests are direct measures of skill. Second, literacy scores in the IALS data at any point in
time might be a more comparable measure of human capital on a cross-country basis than years of
schooling because skills acquired from a year of schooling might differ significantly across
countries. Third, the quality of schooling within countries might change over time. The latter two
explanations are clearly supported by the evidence presented in Hanushek and Zhang (2009).

III.

Data
To construct a time series of the quality of human capital over the past 40 years, we rely on

the Programme for the International Assessment of Adult Competencies (PIAAC), developed by
the OECD. PIAAC provides internationally comparable data on the skills of the adult populations.
The first round of PIAAC data, administered between August 2011 and March 2012, produced
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data on 24 (mostly OECD) countries (see OECD, 2013; Hanushek et al., 2015). In a second round,
PIAAC administered the same skill survey in an additional nine countries (including both nonOECD countries and new members to the OECD) between April 2014 and March 2015 (see
OECD, 2016). In each participating country, a representative sample of adults between 16 and 65
years of age was interviewed at home in the language of their country of residence. 7
As part of this project, we obtained data on the average skill level by age group and gender
separately for all Canadian provinces. Since Canada administered the survey to a representative
sample in each of its provinces, we can treat Canadian provinces in our analysis in the same way
as other participating countries, extending the usable sample with comparable skill data to 42
regions. 8 Since we could not obtain GDP data for the Russian Federation (see below), our
estimation sample consists of 41 regions (31 countries and 10 Canadian provinces).
PIAAC was designed to measure key cognitive and workplace skills needed for individuals to
advance at work and participate in society. The survey assessed cognitive skills in three domains:
literacy, numeracy, and ICT (called “problem solving in technology-rich environments” in
PIAAC). 9 The tasks respondents had to solve were often framed as real-world problems, such as
maintaining a driver’s logbook (numeracy domain) or reserving a meeting room on a particular
date using a reservation system (ICT domain). The domains, described in more detail in OECD
(2013), refer to key information-processing competencies 10 and are defined as
1. Literacy: ability to understand, evaluate, use and engage with written texts to participate in
society, to achieve one’s goals, and to develop one’s knowledge and potential;
2. Numeracy: ability to access, use, interpret, and communicate mathematical information
and ideas in order to engage in and manage the mathematical demands of a range of
situations in adult life;
7
The standard survey mode was to answer questions on a computer, but respondents without sufficient
computer knowledge could also do a pencil-and-paper survey.
8
Participating countries in the first round were Australia, Austria, Belgium (Flanders), Canada (Alberta, British
Columbia, Manitoba, New Brunswick, Newfoundland and Labrador, Nova Scotia, Ontario, Prince Edward Island,
Quebec, Saskatchewan), Cyprus, the Czech Republic, Denmark, Estonia, Finland, France, Germany, Ireland, Italy,
Japan, Korea, the Netherlands, Norway, Poland, the Russian Federation, the Slovak Republic, Spain, Sweden, the
United Kingdom (specifically England and Northern Ireland), and the United States. In the second round, the following
countries participated: Chile, Greece, Indonesia (Jakarta), Israel, Lithuania, New Zealand, Singapore, Slovenia, and
Turkey.
9
Participation in the ICT domain was optional; Cyprus, France, Italy, and Spain (first round) as well as Indonesia
(second round) did not participate in this domain.
10
The skills assessed in PIAAC are rather general in nature and therefore do not capture occupation-specific
knowledge and competencies.
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3. ICT skills: ability to use digital technology, communication tools and networks to acquire
and evaluate information, communicate with others and perform practical tasks.

PIAAC measures each of the three skill domains, and reports the results on a 500-point scale. 11
All three scales are intended to measure different dimensions of a respondent’s skill set, although
a person who performs well in literacy usually tends to have relatively higher numeracy and ICT
scores, too. IALS suffered from pairwise correlations of individual skill domains that exceeded
0.9, making it virtually impossible to distinguish between different skills. The skill domains in
PIAAC are less strongly correlated with an individual-level correlation between numeracy and
literacy (ICT skills) of 0.83 (0.75); the correlation between literacy and ICT skills is at 0.80.
We follow Coulombe, Tremblay, and Marchand (2004) and Coulombe and Tremblay (2006)
in constructing a synthetic time series of the skill level of the cohort entering the labor market in
each period. This synthetic time series is based on the age distribution of PIAAC literacy scores,
covering the years 1970–2014 (Canadian provinces: 1971–2015) in five-year intervals. 12 For each
starting year of a five-year interval, we use the average literacy skill level of the cohort of
individuals aged 18–27 in that year. 13 In the analysis, we ask the question “how old was the 18 to
27 year old cohort, for each of the synthetic cohorts, in 2012?” (see Appendix F in Coulombe,
Tremblay, and Marchand, 2004, for details of the approach). 14 In the case of the 10 Canadian
provinces, we construct the synthetic time series of average skills at the province-level based on
the province in which participants obtained their high school degree (instead of the province of
current residence) as regional mobility might be endogenous to economic condition of provinces. 15
11

PIAAC provides 10 plausible values for each respondent and each skill domain. We follow previous literature
in using the first plausible value of the test scores in each domain (Coulombe and Tremblay, 2006; Hanushek et al.,
2015, 2017). However, making use of all plausible values does not qualitatively change our results. See Perry,
Wiederhold, and Ackermann-Piek (2014) for a discussion of the plausible values in PIAAC.
12
We focus on literacy skills to be comparable to the analysis by Coulombe and Tremblay (2006). Results using
numeracy skills are qualitatively similar. See Appendix Table A-1. We do not perform the analysis for ICT skills
because of the considerably smaller country coverage.
13
This slight deviation from Coulombe, Tremblay, and Marchand (2004) and Coulombe and Tremblay (2006),
who use individuals aged 17–25 to define their labor-market-entry cohort, was necessary because age in some PIAAC
countries is reported only in five-year intervals. As we use 2012 (i.e., the year PIAAC was conducted) as reference
year, using an entry age of 17–25 years would not have fitted the age cohorts available in PIAAC.
14
See Section VI for a discussion of the shortcomings of constructing a synthetic time series from cross-sectional
data.
15
Endogeneity of location choice should not be a major concern in the country sample because betweencountry mobility is likely much lower than within-country mobility.
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We use sampling weights provided in PIAAC when aggregating skills at the region-cohort level
to accurately account for the sampling errors.
On average across all time periods, mean literacy skills are 267 points (standard deviation: 23
points). Within Canada, literacy skills range between 274 points (Quebec) and 286 points (Alberta
and British Columbia). This suggests that Canadian provinces are among the top performers in
literacy worldwide. In our country sample, the range of literacy skills is between 194 points
(Indonesia) and 296 points (Japan). Other top performers in literacy are Finland (287), the
Netherlands (282), Sweden (278), and Australia (278), while other low performers are Chile (214)
and Turkey (221). Average literacy performance in the Unites States (270) is below that in the
worst-performing Canadian province.
To measure economic performance in the our sample of 31 countries, we use GDP per capita,
obtained through the Penn World Tables 9.0 (see Feenstra, Inklaar, and Timmer, 2015). GDP per
capita is expressed in purchasing power parities (PPP), which allow real-quantity comparisons
across countries. 16 In our sample of Canadian provinces, GDP data are available only from 1981
onwards, which would severely limit out sample size. We thus use gross domestic income (GDI)
per capita to measure economic performance, which has recently become available for all
Canadian provinces in our entire period of observation. 17 For expositional purposes, we refer to
our measures of economic performance in the estimations simply as income per capita.
We follow Coulombe, Tremblay, and Marchand (2004) and Coulombe and Tremblay (2006)
in using fertility rate, investment shares, as well as imports and exports as control variables. In the
country sample, fertility rates (live births per woman) are from the United Nations’ database; the
remaining variables are taken from Penn World Tables 9.0. For Canada we obtained provincelevel data on all variables from Statistics Canada. 18

IV.

Graphical Evidence on the Evolution of Skills and Economic Growth
We plot the evolution of average literacy skills for the population aged 18–27 in the ten

Canadian provinces together with income per capita in Figure 1. Both the skill level of entry-age

16

No GDP data for the Russian Federation are available. For other post-communist countries GDP per capita is
only available for periods after 1990.
17
Results are very similar when we use GDP data for Canadian provinces also, which are available since 1981.
See Table A-2.
18
Note that data on international imports and exports for Canadian provinces are available only since 1981.
Our baseline specification will therefore not use openness as control.
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workers and income increased over time in all provinces. However, the rate of skills growth varies
substantially across provinces and periods; in general, we observe that skill growth tends to
attenuate towards the end of the observation period, with some provinces even experiencing a
decline in skills of entry-age workers (e.g., Manitoba, Nova Scotia, and Saskatchewan after 2005).
In comparison, income per capita grew more smoothly over the sample period, but some
differences across periods in the province-specific speed of economic growth are also visible.
Figure 2 plots average literacy skills for the population aged 18–27 as well as GDP per capita
in our sample of 31 countries over time. We observe that the evolution of skills is quite different
across countries. In some countries, such as Chile, Korea, Singapore, and Spain, we witness steep
increases in the skill level of entry-age workers over time, while some other countries show only
very modest changes; examples are the United Kingdom and the US. However, in all countries the
skill level of entry-age workers increased over time. At the same time, we observe growing GDP
per capita in almost all countries over the sample period. Exceptionally high rates of growth are
visible in Singapore, Norway, Ireland, and Korea since the mid-1990s.
In sum, Figures 1 and 2 suggest that over the sample period the growth rates of skills and
income per capita were positively correlated. The aim of the analysis presented in the next section
is to shed more light on the question whether this correlation is merely accidental or whether it
reflects a systematic relationship between skills and economic performance.

V.

Panel Estimation Framework
Our preferred estimation strategy uses PIAAC scores as a direct measure of human capital

employed in a straightforward dynamic panel framework similar to the model estimated in the
seminal work by Islam (1995). As the usual “growth-initial level” regression model, we can derive
our panel regression model from the standard conceptual growth framework by collecting terms
with lagged outcomes on the right-hand side. 19 We prefer the dynamic panel regression model
over the “growth-initial level” model for econometric reasons. In particular, using an outcome that
is a function of the lagged value of the outcome (as is the case for a growth rate) together with the
lagged outcome as explanatory variable is problematic because any measurement error in the
outcome would affect both sides of the equation, thereby creating a purely mechanical correlation
that does not have any economic interpretation.
19

For the derivation of these two alternative regression specifications, see Equations (9) and (10) as well as the
accompanying explanation in Islam (1995).
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More specifically, our dynamic panel model is given by
(2)

Yit = β1Yit −1 + β 2 hit −1 + β 3nit + β 4 kit + β 5oit + τ t + ri + ε it

where Yit represents income per capita; Yit-1 is the level of income per capita in period t–1; hit
measures human capital (i.e., literacy skills) in the beginning of period t; 20 nit is the five-year
average fertility rate in period t; kit is the five-year average ratio of investment to aggregate income
in period t; oit is the five-year average openness ratio in period t; τt is a period fixed effect, ci is a
region fixed effect, and εit is a stochastic error term. As is standard in the growth literature, all
variables in Equation (2) are in logarithm. 21 The inclusion of region fixed effects ri allows to
account for the omitted variable bias arising due unobserved region-specific differences or shocks
(see Section II). In particular, ri pick up all kinds of unobserved region-specific factors that are
constant over time. In addition, the period fixed effects τt absorb all unobserved effects that
similarly affect all regions; for instance, business cycles or changes in global demand and market
conditions.
The choice of control variables exactly follows Coulombe and Tremblay (2006). First, we
include the fertility rate to capture the long-run rate of population growth (Barro, 2001). Second,
the investment rate reflects physical capital accumulation. Openness to international trade is often
thought to be conducive to economic growth. Aside from classical comparative-advantage
arguments, openness tends to promote competition and, hence, efficiency. Sachs and Warner
(1995) have argued empirically that international openness is an important contributor to economic
growth. Openness is measured as the ratio of international exports plus imports to GDP (Barro,
2001). 22
We deal with the potential problem of endogeneity in the explanatory variables by
instrumenting all explanatory variables (except for literacy skills) with their lagged values as

20

For instance, when considering the five-year period 1970-1974, hit is the literacy score in 1970.
In education economics, it is more common to specify a log-linear regression when estimating the economic
effect of skills. Here, output is in logarithm and skills enter linearly. This specification is derived from a standard
Mincerian human-capital model, which is applied to a macroeconomic context (see Hanushek, Ruhose, and
Woessmann, 2017, for details). Table A-3 shows that out results are qualitatively similar in a log-linear
specification.
22
Coulombe and Tremblay (2006) filter openness from the effect of population and geographic size in a panel
regression. We refrain from doing so mainly because the procedure let to a number of negative values for openness,
which would have resulted in missing values after the log transformation. Moreover, the exact filtering procedure
applied by Coulombe and Tremblay was unclear.
21
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instruments. 23 In particular, instrumenting initial income by its lagged value reduces the tendency
to overestimate the convergence speed due to measurement error and decreases Nickell bias
(Nickell, 1981), which potentially occurs in finite samples when the lagged dependent variable is
added as a control.
Note that in the analysis of Coulombe and Tremblay (2006), literacy skills are instrumented
by years of schooling (corrected for measurement error) from Fuente and Doménech (2006).
However, we have severe methodological doubts against using years of schooling as an instrument
for skills. Schooling is clearly a choice variable and may proxy some additional component of
human capital that is relevant for earnings (at the individual level) and economic growth (at the
macroeconomic level) – such as non-cognitive aspects of education that are not captured in the
literacy score. If any of these arguments hold true, the exclusion restriction that the instrument
affects economic output only through individuals’ literacy skills, and not directly in any other way,
would be violated. 24 It is neither appropriate to instrument literacy by its lagged value because our
synthetic human capital data are derived from the same survey (i.e., they come from one crosssection). We therefore decided not to instrument literacy. 25 However, this also means that
unobserved variables at the region level which change over time (and are therefore not soaked up
by the region fixed effects) may confound the literacy-growth relationship. We are therefore
cautious in interpreting the estimated literacy coefficients as causal. 26
We are particularly interested in calculating the implied long-run elasticities of output with
respect to human capital based on our estimates, which can be directly compared to the results of
Coulombe, Tremblay, and Marchand (2004) and Coulombe and Tremblay (2006). This long-run
elasticity can be computed based on the steady state of Equation (2), where Yit = Yit −1 . Thus, the
implied long-run elasticity of output with respect to human capital is given by:
(3)

∂Yit
βˆ 2
=−
.
∂hit
(1 − βˆ1 )
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Using lagged values as instruments effectively reduces our analysis period by one five-year period.
In addition, years-of-schooling data by Canadian province over time are not available.
25
Results are robust to instrumenting literacy by its lagged value. As expected given the instrument is likely
endogenous, estimated literacy coefficients increase as compared to the baseline specification. Results are available
on request.
26
Also see the discussion on further methodological concerns in Section VI for the limits of interpreting our
literacy estimates as causal.
24

15

VI.

Results

Baseline results
Table 1 shows our baseline results using income per capita as dependent variable. In Columns
1 and 3, we estimate OLS regressions with country and period fixed effects; in Columns 2 and 4,
we instrument all control variables by their lagged value to alleviate problems of measurement
error and, partly, endogeneity (see Section V). Columns 3 and 4 also include the openness ratio,
which reduces sample size because data are not available in the Canadian provinces before 1981.
The association between literacy and income growth is positive and statistically significant at
the 1 percent level across specifications. Our coefficients imply long-run (i.e., steady state)
elasticities of output with respect to literacy of around 3. 27 This indicates that human capital
investments have substantial growth effects: a one-percent increase in literacy test scores translates
into a three-percent increase in GDP per capita in the steady state. Using back-of-the-envelope
calculations, we can also express this elasticity as the macroeconomic return of one additional year
of schooling. Schwerdt (2018) estimated that literacy skills increase by about 8 PIAAC points (on
the 500-point scale) for one additional year of schooling, which amounts to approximately 3
percent of the average literacy score across countries and cohorts in our sample. Given a long-run
elasticity of 2.98 in our preferred IV model (Column 2 of Table 1), the skills acquired by an
additional year of schooling increase GDP per capita by about 9 percent. Interestingly, this is close
to the well-identified microeconomic estimates on the returns to one additional year of schooling
in developed countries (e.g., Card, 1999; Heckman, Lochner, and Todd, 2006; Woessmann, 2016).
These effect magnitudes are about twice as large as those obtained by Coulombe and
Tremblay (2006) using IALS data from the mid-1990s, suggesting that human capital became even
more important for economic growth in recent decades. 28 This conclusion is reinforced by Figure
3, which shows our main specification graphically. We observe a clear positive relationship
between literacy and economic performance, and there are no apparent outliers which drive this

27

Long-run elasticities are shown in the bottom of the table.
Note that this comparison implicitly assumes that a one-point change in the IALS score is the same as a onepoint change in the PIAAC score. However, while the average literacy skill level in both assessments is very similar,
the standard deviations are slightly different (50 points in PIAAC and 62 points in IALS, using the full sample in both
surveys). This implies that a one-point change in PIAAC is the same as a 1.2-point change in IALS expressed in the
PIAAC standard deviation. Therefore, our results might not be perfectly comparable to those of Coulombe and
Tremblay (2006); in fact, the difference in magnitude of the literacy skill estimates between our studies is likely
smaller than noted above if skills would have been adjusted by the test-specific standard deviation.
28
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association.
Note that in the neoclassical growth framework, the steady-state growth rate is determined by
the growth rate of technological progress alone, meaning that investment in human capital does
not affect steady-state growth. However, human capital does affect the growth rate along the
transition path to the steady state, and therefore influences the level of output in the steady state.
We can easily retrieve the estimated convergence speed to the steady state from the coefficient on
initial income. 29 We find annual convergence speeds between 6 percent and 10 percent, which are
somewhat larger than those reported by Coulombe and Tremblay (2006), but close to those
estimated by Islam (1995) in his OECD sample. From these convergence speeds, it follows that
the economy will reach a new steady state after a shock rather quickly. In fact, it takes between
seven and twelve years to close half of the gap to the new steady state. 30
The signs of the other control variables are in line with the neoclassical growth framework
(i.e., fertility is negative, investment rate is positive but insignificant). In Columns 3 and 4, we add
the openness ratio to our panel model (“open economy”). As expected, the estimated effect of
openness on economic performance is positive and statistically significant; that is, economies
which are more involved in international trade also grow faster. The literacy estimates become
somewhat smaller when the openness ratio is added as control, but remain sizeable and highly
statistically significant. 31
Female versus male literacy
Next, we analyze potential differences in the growth effects of human capital investments of
women and men. To do so, we calculated the literacy level of females (males) aged 18–27 in a
particular period in order to capture the investment made in the skills of the cohort of women (men)
that enters the labor market in that period. Table 2 presents the results when we separately include
the average literacy scores of women and men in our growth regressions.
While female and male literacy appear to exert a substantial positive growth impact when they

29

In our set up with end-of-period income as dependent variable and five-year time periods, the annual
log(𝛽𝛽1 )
, with 𝛽𝛽1 as the coefficient on initial income.
convergence speed is calculated as −
30

(2007).

5

These numbers are derived by dividing log(2) by the rate of convergence (in percent). Also see Dalgaard

31
In Table A-4, we estimate the models in Columns 1 and 2 using the same sample as those in Columns 3 and
4. Results show that the (moderate) reduction in the magnitude of the literacy coefficient is indeed due to the
inclusion of the openness variable and not due the smaller sample size.
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enter separately, the coefficient on male literacy becomes small and insignificant when both human
capital indicators are jointly included. Female literacy, however, remains to be strongly and
significantly associated with economic growth. This result, which is in line with the IALS analysis
by Coulombe and Tremblay (2006), suggests that investment in the human capital of women
appears to have a much stronger effect on subsequent growth than investment in the human capital
of men. 32 One reason could be that the decision of women to invest in human capital is typically
accompanied with relatively more pronounced changes in labor supply or sorting into more
productive occupations or firms, while labor supply of men is less elastic. 33
Percentage of population with low literacy proficiency
To explore the relevance of the distribution of skills in the population, we make use of the fact
that the OECD assigns respondents to different proficiency level depending on their PIAAC score.
Proficiency levels are defined as follows: below level 1 (below 176 PIAAC points), level 1 (176225 points), level 2 (226-275 points), level 3 (276-325 points), level 4 (326-375 points), level 5
(376 points and above). 34 We define low literacy as a proficiency level of 1 or 2. Note that due
data restrictions for the Canadian provinces, we could not obtain the share of the population with
high literacy, defined as a proficiency level of 4 or 5. This precludes an analysis of how the growth
impact of reducing the share of low literacy achievers differs from the impact of increasing the
share of high achievers.
The international average in the share of low performers is 54 percent; this suggests that a
considerable share of the population suffers from low literacy skills. However, there is
considerable variation in the share of low performers across countries (averaged over all time
periods), ranging from 28 percent (Japan) to 95 percent (Indonesia). Other countries with a small
share of low performers in literacy are Finland (38 percent), the Netherlands (41 percent), Sweden,
Norway, and New Zealand (all 43 percent); in contrast, Turkey (90 percent) and Chile (87 percent)
have a substantial share of low performers. The share of low performers in the United States (52

32
Note that since our regressions control for the fertility rate, the estimated effect of women’s literacy on growth
is not driven by lower fertility that may result from investment in women’s human capital.
33
For instance, Hanushek et al. (2015) and Hampf et al. (2017) have shown that higher PIAAC skills are
associated with better employment prospects in all PIAAC countries, However, they have not performed a separate
analysis by gender.
34
See OECD (2013, p. 64) for a description of the types of tasks completed successfully at each level of
proficiency.
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percent) is close to the international average. Within Canada the share of low performers varies
from 37 percent (Alberta) to 57 percent (Newfoundland and Labrador). Thus, in international
comparison, the share of low performers in literacy in Canadian provinces is very moderate. Not
surprisingly, the share of low performers decreases over time, while the share of high performers
increases.
Table 3 reports the results of using the percentage of individuals with low literacy instead of
average literacy. A larger population share of low performers in literacy is clearly negatively
associated with growth. This suggests that underinvestment in human capital (as indicated by low
literacy proficiency) impedes growth. Put differently, decreasing the share of low performers is a
viable strategy for a country to foster economic growth. In fact, a one-percent reduction in the
share of people with low literacy would increase income per capita by 0.1 percent in the short run
and by 0.23 percent in the long run. For Canada, a material reduction in the share of low performers
by 10 percent (from the average of 46 percent to 42 percent) would increase income per capita by
330 CAD in the short run and by 770 CAD in the long run. To calculate these numbers, we used
the average GDI per capita for all Canadian provinces in our sample period as point of reference
(about 33,500 CAD).
Literacy effects in Canadian provinces vs. international mean
Next, we investigate how the relationship between literacy and economic performance differs
between Canadian provinces and the remaining countries in our sample. To do so, we augment our
baseline specification in Column 2 of Table 1 by an interaction term that estimates a separate skill
effect for each Canadian province (and tests it against the cross-country mean). 35 We also estimate
these interaction models replacing average literacy by the share of low performers in literacy (as
shown in Table 3). Figures 4 and 5 visualize the key findings from these estimations by plotting
the estimated coefficients (dot) on the province interactions together with 90 percent confidence
intervals (horizontal line). The vertical red line indicates the international average (excluding
Canadian provinces), which is normalized at 0. If the confidence interval does not cross the zero
vertical line, the interaction is significant at the 10 percent level. Interaction effects are ordered by
magnitude.

35

In each of these estimations, we drop all other Canadian provinces such that the comparison group (i.e., all
PIAAC countries) remains the same across specifications.
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Figure 4 suggests that in each Canadian province the effect of literacy on income growth is
smaller than the international average. The difference is statistically significant in all provinces
expect Saskatchewan, New Brunswick, as well as Newfoundland and Labrador. The (negative)
difference is most pronounced in Ontario, British Columbia, and Alberta. These results suggest
that in most Canadian provinces the literacy effect on economic performance is weaker than
elsewhere in the world. Interestingly, Figure 5 shows that the detrimental effect of low literacy on
economic performance is less pronounced in the Canadian provinces than in other countries. This
difference statistically significant in all provinces but Saskatchewan. In terms of magnitude,
differences from the average international effect are largest in Newfoundland and Labrador, British
Columbia, and Alberta. 36
Overall, our heterogeneity analysis suggests that skills are somewhat less important for
economic performance in Canadian provinces compared to other developed countries. One
potential reason for this result is that province-level income growth is more volatile and more
prone to other influences compared to country-level growth. At the same time, low literacy
proficiency of the population appears to be less detrimental for economic performance in Canada
than elsewhere in the world. This may be due to the fact that the share of low performers in literacy
is rather low in Canada in international comparison (see above).
Methodological concerns
Our estimates are of course subject to questions about causality. Any unobserved drivers of
skill accumulation that are not properly captured by the controls and lagged output, while having
an independent impact on output, would confound our estimates. Selective migration across
countries during our sample period could for example be such a confounding factor (this
endogeneity concern is to some extent muted in the Canadian data, where we have information on
the province of secondary degree). Thus, our results should be seen as largely descriptive in nature.
However, considering a range of specifications and alternatives does not change our findings,
which suggests that the overall pattern of results is very robust.
Beyond this more general methodical issue, there are a number of remaining design-specific
concerns regarding our empirical methodology, which we share with Coulombe and Tremblay

36

Figures A-1 and A-2 show that results are qualitatively similar, albeit somewhat noisier, when using data on
GDP per capita instead of GDI per capita in Canadian provinces to measure economic performance.
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(2006). First, skill accumulation during schooling is also affected by factors such as family inputs,
which might change over time. Thus, different cohorts might differ along several unobserved
dimensions that also affect skill accumulation during schooling years. Second, individuals might
gain or lose skills as they age. Hence, as individuals of a certain cohort are observed only when
they are within a certain age range at the time of the survey, the estimated age effect may partly
also capture cohort-specific impacts, as well as capturing part of the variation in school quality
over time. The cross-sectional nature of the original data prevents us from controlling for age
effects non-parametrically. Thus, the validity of our human capital measure crucially depends on
the assumption that the level of human capital remains roughly constant throughout an individual’s
life. Any stark changes in the stock of human capital due to migration or gains and losses of human
capital at later stages of life due to adult learning and skill depreciation are likely to bias our
estimates.
In fact, several studies based on IALS data suggest that gains and losses of skills over the life
cycle do indeed occur. For example, Edin and Gustavsson (2008) provide evidence that
depreciation of general skills is economically important. Based on two waves (1994 and 1998) of
IALS data for Sweden, Edin and Gustavsson (2008) investigate the role of skill depreciation in the
relationship between work interruptions and subsequent wages. Analyzing changes in individuals’
skills as a function of time out of work, they find strong evidence for a negative relationship
between work interruptions and skills. Cascio, Clark, and Gordon (2008) investigate the effects of
post-secondary education on cognitive skills using IALS data. While U.S. students score below
their OECD counterparts on international achievement tests, U.S. native adults ultimately catch
up. Cascio, Clark, and Gordon (2008) show that cross-country differences in the age profile of
literacy skills explain a good part of the U.S. “catch up.” However, one concern with their study
is, once again, that the cross-sectional design of the IALS data does not allow controlling directly
for cohort effects. Several other studies based on IALS more generally document gains and losses
of skills over the life-cycle (see Willms and Murray, 2007; Green and Ridell, 2003; Kamp and
Boudard, 2003).
The average human capital of specific cohorts might also be affected by differences in
migration patterns over time when migrants are associated, on average, with different skills than
natives. Several studies based on IALS and ALL data investigate native-migrant differences in
literacy skill. For example, Ferrer, Green and Ridell (2006) and Bonikowska, Green and Ridell
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(2008) find the native-born literacy distribution dominates that for immigrants in Canada.
However, the immigrant-native literacy skill gap varies significantly between countries (see Kahn,
2004), which could reflect differences in the average skills of migrants moving to different
countries. Thus, differences in migration patterns over time and between countries might
complicate the construction of synthetic time series of human capital investments.
While these findings cast some doubt on the validity of certain key assumptions made by
Coulombe and Tremblay (2006) and in our study, the consistency of findings across periods,
countries, and skills assessments is striking. Our basic result that modern knowledge-based
societies highly value skills is also supported by several other studies based on PIAAC data that
suggest a causal relationship between skills and economic outcomes (Hanushek et al., 2015; Falck,
Heimisch, and Wiederhold, 2016). 37 This interpretation is supported by the results of the Upskill
project in Canada, a large-scale randomized controlled trial conducted in the food and
accommodation industry. Upskill tested the impact of literacy and numeracy on a broad range of
firm and individual economic outcomes. The study documented 25 percent first-year rates of return
to higher skills for both the individual and firm from monetized benefits.

VII.

Conclusions
The availability of new information about growth and skills in a broader set of 31 countries

and 10 Canadian provinces permits closer investigation than previously possible of the hypothesis
that higher average literacy of the population stimulates economic growth. In terms of
methodology, our analysis directly builds on the IALS-based analysis by Coulombe, Tremblay and
Marchand (2004) as well as Coulombe and Tremblay (2006); which we largely replicate based on
the more recent and more comprehensive PIAAC data on the level of literacy skills of the adult
population.
In line with previous results, we find evidence for a strong positive link between literacy and
economic performance. However, our estimated effects are about twice as large as those obtained
by Coulombe and Tremblay (2006). We find an implied long-run (i.e., steady state) elasticity of
income per capita with respect to literacy of about 3. In other words, a one-percent increase in
literacy skills translates into a three-percent increase in income per capita in the steady state. This
suggests that the skills generated by one additional year of schooling (8 PIAAC points or 3 percent
37

See also Hampf, Wiederhold, and Woessmann (2017) for a detailed discussion of estimating causal effects in
the PIAAC data.
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of mean PIAAC skills) lead to a nine-percent increase in income per capita. The technology to
improve adult literacy skill already exists. Recent experiments in Canada realized considerable
increases in adult literacy skills from as little as 15 hours of high quality, focused instruction
(ACCC, 2013; AWES, 2018). The same studies indicate, however, that the growth potential
associated with higher skills will only be realized if employers ensure that their work processes,
work organizations, and production technologies make full use of the newly created skill supply.
Where this is not the case, any newly created skill will evaporate almost as rapidly as it was created.
A closer inspection of the data additionally reveals some insights into potential
heterogeneities: Investment in the human capital of women appears to have a much stronger
association with subsequent growth than investment in the human capital of men. We also
investigated the distribution of skills and find that investments in decreasing the share of low
achievers in the literacy assessment yields growth benefits. For Canada, the long-run effect of
decreasing the share of low achievers by 10 percent is an increase in GDI per capita of 770 CAD.
We also find that skills are somewhat less important for economic performance in Canada
compared to other developed countries. A candidate explanation for this finding is that provincelevel income growth is more volatile and more prone to other influences compared to countrylevel growth. At the same time, the negative effect of low literacy proficiency on economic
development is attenuated in the Canadian sample. One potential rationale behind this result is that
Canadian provinces have a rather small share of low achievers in literacy compared to the
international average. Thus, high-skilled individuals are less scarce than in many other developed
countries. If there are decreasing returns to skill investment, as traditional neoclassical growth
theory would suggest, the economic effects of skill investments will be the lower the higher the
skill endowment already is.
Overall, our results suggest that investments that serve to increase literacy skills would yield
material improvements in growth rates, particularly if they were focused on developing highly
talented individuals. However, recent research by DataAngel undertaken for the Canada West
Foundation suggests a need for measures that go beyond simply increasing the skill supply.
Measures that improve the fit between employer demands and worker skills, such as credentials
that reliably signal key cognitive skills, would improve market efficiency and lead to higher
productivity. These same measures would also attenuate skill loss associated with low levels of
skill utilization that are themselves a product of a large proportion of employers reducing the
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cognitive demands of jobs to avoid having to pay the rapidly rising wage premia for workers with
high levels of literacy skill. These rising premia are likely too large to be attributed to skill-based
improvements in marginal productivity of skilled workers alone, but also reflect wage increases
driven by a shortage of highly skilled/literate workers.
Finally, the analysis suggests a need for economic policy makers to implement measures that
serve to induce employers to increase the knowledge and skill intensity of work so that newly
developed literacy skills get utilized at work. Evidence of massive adult skill loss in some
countries, including Canada and the US, suggests a demand deficiency that is itself a product of
several linked market failures of the type that only governments have the tools – information and
incentives – to correct (AIR, 2015; IRPP, 2017). On a positive note, the governments which
implement such measures the most rapidly are likely to realize material and rapid increases in
income per capita.
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Figure 1: Literacy Skills and Economic Performance: Canadian Provinces
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Notes: Graph shows average literacy skills of the population aged 18 to 27 years in five-year periods from
1971 to 2015 (left axis) as well as average Gross Domestic Income (GDI) for all ten Canadian provinces.
Data sources: PIAAC, Statistics Canada.

Figure 2: Literacy Skills and Economic Performance: PIAAC Countries
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sources: PIAAC, Penn World Tables.
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fertility rate, investment rate, and literacy skills. All variables are in logarithm. Data sources: International
Monetary Fund, Penn World Tables, PIAAC, United Nations, Statistics Canada.

Figure 4: Literacy Effects in Canadian Provinces vs. International Mean
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Notes: Interaction effects of literacy skills and Canadian province (augmented specification based on the
regression model reported in Column 2 of Table 1), showing the coefficient (dot) and the 90% confidence
interval (line). Interaction effects are ordered by magnitude. Red vertical line indicates international
average literacy effect. Data sources: International Monetary Fund, Penn World Tables, PIAAC, United
Nations, Statistics Canada.

Figure 5: Literacy Effects in Canadian Provinces vs. International Mean:
Low Literacy Proficiency
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Notes: Interaction effects of low literacy indicator (proficiency levels 1 and 2) and Canadian province
(augmented specification based on the regression model reported in Column 1 of Table 3), showing the
coefficient (dot) and the 90% confidence interval (line). Interaction effects are ordered by magnitude. Red
vertical line indicates international average effect of low literacy on economic performance. Data sources:
International Monetary Fund, Penn World Tables, PIAAC, United Nations, Statistics Canada.

Table 1: The Relationship between Literacy Skills and Economic Performance

Literacy
Initial income per capita
Fertility rate
Investment rate

(1)
1.116***
(.281)
.694***
(.045)
–.078*
(.045)
.009
(.031)

(2)
1.374***
(.283)
.538***
(.072)
–.273***
(.084)
–.082*
(.043)

X
X

X
X
X
308
.980

Openness ratio
Country fixed effects
Period fixed effects
Controls instrumented
Observations
R-squared
Implied long-run elasticity
of outcome to literacy

Notes: Dependent
used in Column 2
Column 4, the set
ses. Data sources:
Nations.

308
.982

3.65
2.98
* p<0.10, ** p<0.05, *** p<0.01

(3)
.948***
(.285)
.698***
(.046)
–.071
(.047)
.050
(.040)
.083**
(.034)
X
X
288
.984

(4)
1.011***
(.280)
.647***
(.073)
–.148*
(.083)
.001
(.048)
.105**
(.050)
X
X
X
288
.984

3.14

2.87

variable: end-of-period income per capita. All variables are in logarithm. Instruments
are lagged values of initial income per capita, investment rate, and fertility rate (in
of instruments also includes the openness ratio). Robust standard errors in parentheInternational Monetary Fund, Penn World Tables, PIAAC, Statistics Canada, United

Table 2: Female Versus Male Literacy

Female literacy

(1)
1.343***
(.252)

Male literacy
Initial income per capita
Fertility rate
Investment rate
Country fixed effects
Period fixed effects
Controls instrumented
Observations
R-squared
Implied long-run elasticity
of outcome to female literacy
Implied long-run elasticity
of outcome to male literacy

.549***
(.070)
–.255***
(.083)
–.077*
(.042)
X
X
X
308
.980

(2)

1.049***
(.269)
.548***
(.072)
–.289***
(.086)
–.086**
(.044)
X
X
X
308
.979

2.98

(3)
1.179***
(.303)
.229
(.321)
.544***
(.071)
–.259***
(.083)
–.078*
(.042)
X
X
X
308
.980
2.58

2.32
* p<0.10, ** p<0.05, *** p<0.01

Notes: Dependent variable: end-of-period income per capita. All variables are in logarithm. Instruments
used are lagged values of initial income per capita, investment rate, and fertility rate. Robust standard
errors in parentheses. Data sources: International Monetary Fund, Penn World Tables, PIAAC, United
Nations.

Table 3: The Relationship between Low Literacy Proficiency and Economic Performance

Low literacy
Initial income per capita
Fertility rate
Investment rate

(1)
–.099**
(.048)
.575***
(.073)
–.324***
(.090)
–.092**
(.046)

Openness ratio
Country fixed effects
Period fixed effects
Controls instrumented
Observations
R-squared
Implied long-run elasticity
of outcome to literacy

X
X
X
308
.978
–.23
* p<0.10, ** p<0.05, *** p<0.01

(2)
–.077*
(.043)
.699***
(.068)
–.150*
(.086)
.018
(.049)
.132***
(.047)
X
X
X
288
.983
–.26

Notes: Dependent variable: end-of-period income per capita. ”Low literacy” is defined as the share of
the population with proficiency levels 1 and 2 in PIAAC (i.e., below 276 points). All variables are in
logarithm. Instruments used in Column 1 are lagged values of initial income per capita, investment rate,
and fertility rate (in Column 2, the set of instruments also includes the openness ratio). Robust standard
errors in parentheses. Data sources: International Monetary Fund, Penn World Tables, PIAAC, Statistics
Canada, United Nations.

Figure A-1: Literacy Effects on GDP Per Capita in Canadian Provinces vs.
International Mean
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Notes: Figure replicates Figure 4 using GDP per capita instead of GDI per capita in Canadian provinces.
Number of observations decreases from 308 to 288 because GDP data in Canadian provinces are available
only from 1981 onwards. Data sources: International Monetary Fund, Penn World Tables, PIAAC, United
Nations, Statistics Canada.

Figure A-2: Literacy Effects on GDP Per Capita in Canadian Provinces vs.
International Mean: Low Literacy Proficiency
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Notes: Figure replicates Figure 5 using GDP per capita instead of GDI per capita in Canadian provinces.
Number of observations decreases from 308 to 288 because GDP data in Canadian provinces are available
only from 1981 onwards. Data sources: International Monetary Fund, Penn World Tables, PIAAC, United
Nations, Statistics Canada.

Table A-1: The Relationship between Numeracy Skills and Economic Performance

Numeracy
Initial income per capita
Fertility rate
Investment rate

(1)
.965***
(.269)
.692***
(.047)
–.046
(.047)
–.000
(.031)

(2)
1.161***
(.287)
.542***
(.077)
–.231***
(.085)
–.094**
(.044)

X
X

X
X
X
308
.979

Openness ratio
Country fixed effects
Period fixed effects
Controls instrumented
Observations
R-squared
Implied long-run elasticity
of outcome to numeracy

Notes: Dependent
used in Column 2
Column 4, the set
ses. Data sources:
Nations.

308
.982

3.13
2.53
* p<0.10, ** p<0.05, *** p<0.01

(3)
.801***
(.287)
.697***
(.049)
–.043
(.048)
.042
(.040)
.087**
(.035)
X
X
288
.984

(4)
.838***
(.303)
.653***
(.078)
–.117
(.082)
–.010
(.048)
.109**
(.051)
X
X
X
288
.984

2.65

2.42

variable: end-of-period income per capita. All variables are in logarithm. Instruments
are lagged values of initial income per capita, investment rate, and fertility rate (in
of instruments also includes the openness ratio). Robust standard errors in parentheInternational Monetary Fund, Penn World Tables, PIAAC, Statistics Canada, United

Table A-2: Robustness: Using Gross Domestic Product (GDP) in Canadian Provinces

Literacy
Initial GDP per capita
Fertility rate
Investment rate

(1)
1.100***
(.285)
.690***
(.045)
–.078*
(.046)
.053
(.037)

(2)
1.270***
(.264)
.608***
(.067)
–.177**
(.075)
–.006
(.048)

X
X

X
X
X
288
.985

Openness ratio
Country fixed effects
Period fixed effects
Controls instrumented
Observations
R-squared
Implied long-run elasticity
of outcome to literacy

288
.986

3.55
3.24
* p<0.10, ** p<0.05, *** p<0.01

(3)
.910***
(.291)
.722***
(.047)
–.055
(.046)
.054
(.037)
.088***
(.034)
X
X
288
.986

(4)
.958***
(.287)
.691***
(.072)
–.106
(.080)
–.004
(.048)
.107**
(.048)
X
X
X
288
.986

3.27

3.10

Notes: Dependent variable: end-of-period GDP per capita. All variables are in logarithm. Instruments
used in Column 2 are lagged values of initial GDP per capita, investment rate, and fertility rate (in Column
4, the set of instruments also includes openness ratio). Robust standard errors in parentheses. Data sources:
International Monetary Fund, Penn World Tables, PIAAC, Statistics Canada, United Nations.

Table A-3: The Relationship between Literacy Skills and Economic Performance:
Log-Linear Specification

Literacy skills (standardized)
Initial income per capita
Fertility rate
Investment rate

(1)
.091***
(.025)
.700***
(.046)
–.087*
(.046)
.010
(.032)

(2)
.117***
(.026)
.536***
(.072)
–.295***
(.085)
–.086**
(.043)

Openness ratio
Country fixed effects
Period fixed effects
Controls instrumented
Observations
R-squared

X
X

X
X
X
308
308
.982
.979
* p<0.10, ** p<0.05, *** p<0.01

(3)
.081***
(.025)
.700***
(.046)
–.079*
(.047)
.054
(.040)
.086**
(.034)
X
X
288
.984

(4)
.088***
(.024)
.648***
(.072)
–.159*
(.083)
.007
(.048)
.104**
(.050)
X
X
X
288
.984

Notes: Dependent variable: end-of-period income per capita. Literacy skills are standardized with mean
zero and standard deviation 1 across regions. All other variables are in logarithm. Instruments used in
Column 2 are lagged values of initial income per capita, investment rate, and fertility rate (in Column
4, the set of instruments also includes the openness ratio). Robust standard errors in parentheses. Data
sources: International Monetary Fund, Penn World Tables, PIAAC, Statistics Canada, United Nations.

Table A-4: Robustness: Same Number of Observations in Each Specification

Literacy
Initial income per capita
Fertility rate
Investment rate

(1)
1.122***
(.277)
.667***
(.044)
–.092**
(.047)
.051
(.039)

(2)
1.306***
(.259)
.564***
(.068)
–.220***
(.077)
.004
(.048)

X
X

X
X
X
288
.983

Openness ratio
Country fixed effects
Period fixed effects
Controls instrumented
Observations
R-squared
Implied long-run elasticity
of outcome to literacy

Notes: Dependent
used in Column 2
Column 4, the set
ses. Data sources:
Nations.

288
.984

3.37
3.00
* p<0.10, ** p<0.05, *** p<0.01

(3)
.948***
(.285)
.698***
(.046)
–.071
(.047)
.050
(.040)
.083**
(.034)
X
X
288
.984

(4)
1.011***
(.280)
.647***
(.073)
–.148*
(.083)
.001
(.048)
.105**
(.050)
X
X
X
288
.984

3.14

2.87

variable: end-of-period income per capita. All variables are in logarithm. Instruments
are lagged values of initial income per capita, investment rate, and fertility rate (in
of instruments also includes the openness ratio). Robust standard errors in parentheInternational Monetary Fund, Penn World Tables, PIAAC, Statistics Canada, United

Annex B: Description of Proficiency Levels in Literacy

Notes: The percentage of adults scoring at different levels of proficiency adds up to 100% when the 1.2% of literacyrelated non-respondents across countries are taken into account. Adults in this category were not able to complete the
background questionnaire due to language difficulties or learning and mental disabilities (see section on literacyrelated non-response). Source: OECD (2013), p. 64.

