
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=rael20

Applied Economics Letters

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/rael20

Test scores and economic growth: update and
extension

Gabriel Heller-Sahlgren & Henrik Jordahl

To cite this article: Gabriel Heller-Sahlgren & Henrik Jordahl (2023): Test scores and economic
growth: update and extension, Applied Economics Letters, DOI: 10.1080/13504851.2023.2168604

To link to this article:  https://doi.org/10.1080/13504851.2023.2168604

© 2023 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group.

Published online: 19 Jan 2023.

Submit your article to this journal 

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=rael20
https://www.tandfonline.com/loi/rael20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/13504851.2023.2168604
https://doi.org/10.1080/13504851.2023.2168604
https://www.tandfonline.com/action/authorSubmission?journalCode=rael20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=rael20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/13504851.2023.2168604
https://www.tandfonline.com/doi/mlt/10.1080/13504851.2023.2168604
http://crossmark.crossref.org/dialog/?doi=10.1080/13504851.2023.2168604&domain=pdf&date_stamp=2023-01-19
http://crossmark.crossref.org/dialog/?doi=10.1080/13504851.2023.2168604&domain=pdf&date_stamp=2023-01-19


ARTICLE

Test scores and economic growth: update and extension
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ABSTRACT
Research indicates that education quality – measured by test scores in international student 
surveys – predicts economic growth. In this paper, we extend previous findings up to 2016 and 
analyse test scores of upper-secondary school students only. We find that the positive relationship 
between growth and test scores holds in both cases. The share of top-performing students exhibits 
a stronger correlation with economic growth than does the share of students who meet basic 
requirements.
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I. Introduction

The wealth of nations varies with levels of 
human capital. Research has demonstrated 
a strong relationship between countries’ perfor
mances in international student surveys, such as 
PISA and TIMSS, and their per-capita growth 
rates (Hanushek and Woessmann 2015). In this 
paper, we provide an update of the cross- 
country evidence presented by Hanushek and 
Woessmann (2015). We also use test scores 
among upper-secondary school students in 
TIMSS 1995 to investigate whether upper- 
secondary school quality predicts growth.1

We find that the positive relationship 
between growth and test scores holds when 
economic growth is measured up until 2016. 
The relationships holds both when using test 
scores from all students in primary and second
ary schools and when using test scores from 
students in the last year of upper-secondary 
school.

Our estimates also indicate a strong association 
between the share of top-performing students and 
economic growth. The share of top-performing 
students exhibits a correlation with economic 
growth that is five times as strong as the correlation 
between the share of students who meets basic 
requirements and economic growth.

II. Previous research on the impact of education 
on growth

For long, empirical research on the relationship 
between human capital and economic growth 
focused on measures of education quantity, such as 
school-enrolment rates and average years of school
ing (e.g. Barro 1991; Castelló-Climent and Hidalgo- 
Cabrillana 2012; Delgado, Henderson, and Parmeter  
2013; Krueger and Lindahl 2001; Gennaioli et al.  
2013; Sala-I-Martin, Doppelhofer, and Miller 2004). 
However, more recent research finds that it is the 
quality of education – as measured by test scores in 
international student surveys – that matter for eco
nomic growth (Hanushek and Woessmann 2015).

The shift in focus from measures of education 
quantity to quality has been crucial to understand 
growth. In a study of 50 countries in the period 
1960–2000, Hanushek and Woessmann (2008) find 
a strong relationship between education quality 
and growth: a one standard deviation increase in 
test scores is associated with an increase in growth 
by up to 2% points, while there is no association 
between average years of schooling and growth.

Researchers have used several techniques to 
investigate whether these findings reflect a causal 
relationship, for example by using school-system 
features as instrumental variables (Hanushek and 
Woessmann 2012b, 2012a) and investigating the 
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relationship between changes in test scores and 
changes in growth (Hanushek and Woessmann  
2012a). These studies suggest that the relationship 
is causal. Still, some doubts remain due to intricate 
measurement problems (Lindahl 2015).

Finally, we recognize that test scores do not 
merely pick up students’ cognitive skills, but also 
capture non-cognitive skills, such as conscientious
ness, that seem to influence growth to the same 
extent as cognitive skills (see Balart, Oosterveen, 
and Webbink 2018). In other words, test scores 
appear to be a good measure of both cognitive 
and non-cognitive skills of importance for growth.

III. Test scores and economic growth

To examine the relationship between test scores 
and per-capita GDP growth, we use test scores 
obtained from Hanushek and Woessmann 
(2012a) for 50 countries – constructed from inter
national tests in mathematics and science, con
ducted in primary and secondary school between 
1963 and 2003 – and per-capita GDP data in 2011 
US dollars, adjusted for purchasing power, between 
1960 and 2016 from the Maddison Project 
Database (Bolt et al. 2018). While Hanushek and 
Woessmann (2012a) studies growth up to 2000 
(and 2007), our longer period includes the 2008 
financial crises and its aftermath. In the analysis, 
we adjust for differences in the GDP per capita and 
years of schooling in 1960.2

The regression results in column (2) in Table 1 
suggest that a one standard deviation increase in 

test scores raises growth by 1.3% points. Initial 
GDP per capita and years of schooling together 
explain 46% of the variation in growth in column 
(1) – a figure that increases to 80% when we add 
test scores in column (2). Adding test scores also 
reduces the coefficient for years of schooling close 
to zero. We exclude Zimbabwe – an extreme out
lier – in our main specification. However, in col
umn (3), we include Zimbabwe, and the estimates 
are by and large similar.

Our results for the period 1960‒2016 largely 
correspond to those of Hanushek and 
Woessmann for 1960‒2000. If anything, our results 
are slightly weaker, which appears to be explained 
by differences in the growth period analysed. If we 
instead study the period 1960–2000, we find that 
a one standard deviation increase in test scores 
raises growth by 1.9% points.

Upper-secondary school tests scores

Next, we investigate the relationship between 
results in TIMSS 1995 among students in the 
final year of upper-secondary school and average 
annual growth in the period 1990–2016. These data 
are only available for 21 countries.

The results are reported in Table 2. While the 
association is weaker compared with the results in 
Table 1, which is obtained using scores from tests 
conducted in primary, lower-secondary, and 
upper-secondary school, it is important to note 
the shorter growth period analysed and that the 
number of countries included is fewer than half 

Table 1. International test scores and per-capita GDP growth.
(1) (2) (3)

1960–2016

Excluding Zimbabwe Excluding Zimbabwe Including Zimbabwe

Average test score 0.013*** 0.014***
(−0.002) (0.002)

Years of schooling (1960) 0.002*** 0.000 −0.000
(0.001) (0.000) (0.001)

(log) GDP per capita (1960) −0.013*** −0.011*** −0.010***
(0.002) (0.001) (0.002)

Adjusted R2 0.46 0.80 0.65
n 49 49 50

Significance levels: *p<0.1; **p<0.05; ***p<0.01. Robust standard errors in parentheses.

2More specifically, we adjust for the natural logarithm of GDP per capita and the average years of schooling in the populations in 1960. The first variable is 
obtained from Bolt et al. (2018) and the latter from Barro and Lee (2013).
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compared with Hanushek and Woessmann’s data
set. The relationship in Table 2 suggests that coun
tries scoring one standard deviation higher in 
TIMSS 1995 had 0.61% points higher growth 
annually between 1990 and 2016.

Students reaching basic literacy and 
top-performing students

In this section, we analyse the relationship between 
growth and (1) the share of students reaching basic 
literacy as well as (2) the share of top-performing 
students in international tests. The former is defined 
as the share who score at least 400 points – equiva
lent to one standard deviation below the OECD 
average – in Hanushek and Woessmann’s dataset, 
while the latter is defined as the share who score at 
least 600 points – equivalent to one standard devia
tion above the OECD average – in this dataset.

The results in Table 3 show that the test scores of 
both groups of students are associated with growth, 
but more so for top-performing students than for 
students reaching basic literacy. While a 10- 
percentage point increase in the share of students 
reaching basic literacy is associated with an increase 
in the annual growth rate by 0.18% points, an 
equivalent increase in the share of top-performing 
students is associated with an increase in the annual 
growth rate by 0.87% points.3 In comparison, 
Hanushek and Woessmann (2012a) found corre
sponding estimates of 0.3 and 1.3% points. 
Although the estimates have decreased somewhat, 
the ratio has remained roughly constant.

IV. Conclusion

In this note, we confirm that student achievement 
in international surveys, such as PISA and TIMSS, 
is associated with economic growth. Our investiga
tion extends previous studies by calculating growth 
based on per capita GDP up until 2016 and by 
confirming the positive relationship also for test 
from upper-secondary education.

Like previous studies, we find that the associa
tion between the share of top-performing students 
and economic growth is considerably stronger than 
the association between the share of students 
reaching basic literacy and economic growth. We 
would like to note that our estimates do not prove 
causality. However, together with the previous lit
erature, the estimates indicate that education qual
ity matters for economic growth.

To the extent that the studied relationship is 
interpreted as causal, there are two policy implica
tions. First, a growth promoting education policy 
should ensure both that gifted children are able to 
reach their potential and that all students reach 
basic requirements. Second, on a general level, 
education reform is bound to be an important 
ingredient in any long-term growth strategy. 
Although education has several non-economic 
benefits, the economic benefits provide a strong 
motivation for future research that links education 
reform to international test scores and – in turn – 
to economic growth.

Table 2. Upper-secondary school quality and per-capita GDP 
growth.

1990‒2016

TIMSS 1995 score 0.006*** 
(0.002)

Years of schooling (1995) 0.001* 
(0.0001)

(log) GDP per capita −0.009*** 
(0.0003)

Adjusted R2 0.37
n 21

Significance levels: *p<0.1; **p<0.05; ***p<0.01. Robust standard errors in 
parentheses.

Table 3. Basic literacy, high-performers, and per-capita GDP 
growth.

(1) (2)

1960‒2016

Excluding 
Zimbabwe

Including 
Zimbabwe

Share of top-performing students 0.087*** 0.106***
(0.024) (0.030)

Share of students reaching basic 
literacy

0.018*** 0.015***

(0.006) (0.006)
Years of schooling (1960) −0.000 −0.000

(0.000) (0.000)
(log) GDP per capita (1960) −0.011*** −0.009***

(0.001) (0.002)
Adjusted R2 0.79 0.64
n 49 50

Significance levels: *p<0.1; **p<0.05; ***p<0.01. Robust standard errors in 
parentheses.

3We analysed the potential interaction between the share of students reaching basic literacy and the share of top-performing students but found little evidence 
of any interaction effects.

APPLIED ECONOMICS LETTERS 3



Acknowledgement

We acknowledge financial support from the Confederation of 
Swedish Enterprise and the IFN Research Program The 
Economics of the Service Sector.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

The work was supported by the The IFN Research Program 
The Economics of the Service Sector The Confederation of 
Swedish Enterprise.

Data availability statement

The data that support the findings of this study are available 
from the corresponding author, HJ, upon reasonable request.

References

Balart, P., M. Oosterveen, and D. Webbink. 2018. “Test 
Scores, Noncognitive Skills and Economic Growth.” 
Economics of Education Review 63: 134‒153. doi:10.1016/ 
j.econedurev.2017.12.004.

Barro, R. J. 1991. “Economic Growth in a Cross-Section of 
Countries.” The Quarterly Journal of Economics 106 (2): 
403‒↨443. doi:10.2307/2937943.

Barro, R. J., and J. -W. Lee. 2013. “A New Data Set of 
Educational Attainment in the World, 1950-2010.” 
Journal of Development Economics 104: 184‒198. doi:10. 
1016/j.jdeveco.2012.10.001.

Bolt, J., R. Inklaar, H. de Jong, and J. L. van Zanden. 2018. 
“Rebasing ‘Maddison’: New Income Comparisons and the 
Shape of Long-Run Economic Development.” Maddison 
Project Working Paper 10. Maddison Project Database ver
sion 2018.

Castelló-Climent, A., and A. Hidalgo-Cabrillana. 2012. “The 
Role of Educational Quality and Quantity in the Process of 

Economic Development.” Economics of Education Review 
31 (4): 391‒409. doi:10.1016/j.econedurev.2011.11.004.

Delgado, M. S., D. J. Henderson, and C. F. Parmeter. 2013. 
“Does Education Matter for Economic Growth?” Oxford 
Bulletin of Economics and Statistics 76 (3): 334‒359. doi:10. 
1111/obes.12025.

Gennaioli, N., R. La Porta, F. Lopez-de-Silanes, and 
A. Shleifer. 2013. “Human Capital and Regional 
Development.” The Quarterly Journal of Economics 
128 (1): 105‒164. doi:10.1093/qje/qjs050.

Hanushek, E. A., and L. Woessmann. 2008. “The Role of 
Cognitive Skills in Economic Development.” Journal of 
Economic Literature 46 (3): 607‒668. doi:10.1257/jel.46.3.607.

Hanushek, E. A., and L. Woessmann. 2012a. “Do Better 
Schools Lead to More Growth? Cognitive Skills, 
Economic Outcomes, and Causation.” Journal of 
Economic Growth 17: 267‒321. doi:10.1007/s10887-012- 
9081-x.

Hanushek, E. A., and L. Woessmann. 2012b. “Schooling, 
Educational Achievement, and the Latin American 
Growth Puzzle.” Journal of Development Economics 
99 (2): 497‒512. doi:10.1016/j.jdeveco.2012.06.004.

Hanushek, E. A., and L. Woessmann. 2015. The Knowledge 
Capital of Nations: Education and the Economics of 
Economic Growth. Cambridge, MA: MIT Press.

Heller-Sahlgren, G., and H. Jordahl. 2019. Knowledge-Based 
Schooling for Prosperity: The Impact of Education Reforms 
on Swedish Economic Growth. Stockholm, Sweden: 
Confederation of Swedish Enterprise.

Krueger, A. B., and M. Lindahl. 2001. “Education for Growth: 
Why and for Whom?” Journal of Economic Literature 
39 (4): 1101‒1136. doi:10.1257/jel.39.4.1101.

Lindahl, M. 2015. “Review of the Knowledge Capital of 
Nations: Education and the Economics of Growth. By 
Eric A. Hanushek and Ludger Woessmann. CESifo Book 
Series. Cambridge and London: MITPress, 2015.” Journal 
of Economic Literature 53 (4): 1027–1029.

Sala-I-Martin, X., G. Doppelhofer, and R. I. Miller. 2004. 
“Determinants of Long-Term Growth: A Bayesian 
Averaging of Classical Estimates (BACE) Approach.” The 
American Economic Review 94 (4): 813‒835. doi:10.1257/ 
0002828042002570.

Woessmann, L. 2003. “Specifying Human Capital.” Journal of 
Economic Surveys 17 (3): 239‒270. doi:10.1111/1467-6419. 
00195.

4 G. HELLER-SAHLGREN AND H. JORDAHL

https://doi.org/10.1016/j.econedurev.2017.12.004
https://doi.org/10.1016/j.econedurev.2017.12.004
https://doi.org/10.2307/2937943
https://doi.org/10.1016/j.jdeveco.2012.10.001
https://doi.org/10.1016/j.jdeveco.2012.10.001
https://doi.org/10.1016/j.econedurev.2011.11.004
https://doi.org/10.1111/obes.12025
https://doi.org/10.1111/obes.12025
https://doi.org/10.1093/qje/qjs050
https://doi.org/10.1257/jel.46.3.607
https://doi.org/10.1007/s10887-012-9081-x
https://doi.org/10.1007/s10887-012-9081-x
https://doi.org/10.1016/j.jdeveco.2012.06.004
https://doi.org/10.1257/jel.39.4.1101
https://doi.org/10.1257/0002828042002570
https://doi.org/10.1257/0002828042002570
https://doi.org/10.1111/1467-6419.00195
https://doi.org/10.1111/1467-6419.00195

	Abstract
	I. Introduction
	II. Previous research on the impact of education on growth
	III. Test scores and economic growth
	Upper-secondary school tests scores
	Students reaching basic literacy and top-performing students

	IV. Conclusion
	Acknowledgement
	Disclosure statement
	Funding
	Data availability statement
	References

