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Abstract

This paper inquires ‘outcomes’ in education quality by focusing on issues related to cognitive skill develop-
ment. Cognitive skills, which include literacy and numeracy, are defined as the “ability to understand complex 
ideas, adapt effectively to the environment, learn from experience, and reason” (The World Bank, 2017). UNE-
SCO (2005, p.2) mentions the importance of cognitive development as “the major explicit objective of all edu-
cation systems” and as one of the principles of defining quality in education. The first section of this paper will 
elaborate on the role of cognitive skills within the purpose and quality of education, followed by a section on 
teacher quality, and early childhood education since an amalgam of research states both factors having a sig-
nificant statistical impact on cognitive skill formation (HW, 2015; Cunha& Heckman, 2017; Dahmann, 2015). 
The paper will conclude by touching issues regarding measurement and research gaps. There are several factors 
which enhance cognitive skill formation, and the aim of this research is not about assessing importance/rele-
vance weights on specific factors; instead, it is an inquiry on the lack of cognitive skills within education quality.
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Öz

Bu makale bilişsel beceri gelişimi ile ilgili konulara odaklanarak eğitim kalitesindeki “çıktıları” araş-
tırmaktadır. Okuryazarlık ve sayısal bilgiyi içeren bilişsel beceriler, “karmaşık fikirleri anlama, çevreye et-
kili bir şekilde uyum sağlama, deneyimden ve akıldan öğrenme” şeklinde tanımlanmaktadır (The World 
Bank, 2017). UNESCO (2005, s.2) bilişsel gelişimin “tüm eğitim sistemlerinin temel açık hedefi” ve eğitimde 
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kaliteyi tanımlamanın ilkelerinden biri olduğunu vurgulamaktadır. UNESCO (2005, s.2) bilişsel gelişimin 
“tüm eğitim sistemlerinin temel açık hedefi” ve eğitimde kaliteyi tanımlamanın ilkelerinden biri olduğunu 
vurgulamaktadır. Bu makalenin ilk bölümü, bilişsel becerilerin eğitimin amacı ve kalitesi içindeki rolü üzeri-
nedir. Araştırmalar, bilişsel beceri formasyonu üzerinde bir istatistiksel etkiye sahip faktörleri belirttiğinden 
(HW, 2015; Cunha ve Heckman, 2017; Dahmann, 2015) sonraki bölümler öğrenci kalitesi ve erken eğitim 
üzerinde tartışacaktır. Rapor, ölçme ve araştırma boşlukları ile ilgili konulara dokunarak sonuçlandırılacak-
tır. Bilişsel beceri oluşumunu geliştiren birkaç faktör vardır ve bu yazının amacı belirli faktörler üzerindeki 
önem ağırlıklarını değerlendirmek değildir; bunun yerine, eğitim kalitesi dahilinde bilişsel becerilerin eksik-
liğine dair bir soruşturmadır.

Anahtar Kelimeler: Eğitimin kalitesi, ekonomik büyüme, bilişsel beceriler

Jel Kodları: A12, A20, I25

1. Introduction

“Education is pre-eminently a matter of quality, not amount.”

(Ford, 1922, p.2)

What does quality mean in the context of education? Given “education is a normative field” with 
various quality judgments (Besley, 2009, p. 214), several definitions of education quality exist (UNI-
CEF, 2000; UNESCO 2005; Jain & Prasad, 2017). Within those definitions, terminologies such as ef-
ficiency, effectiveness, and equity are used interchangeably (Adams, 1993), revealing the multiface-
ted nature of this concept. In layman terms, quality of education can be viewed as “the investment 
and consumption value of the education” (Ladd &Loeb, 2013, p.5). While the investment part of it 
indicates better earnings and health, democratic participation, and other outcomes due to education, 
the consumption part of captures the enhancement of the lives of children and their families (Ladd& 
Loeb, 2013).

UNESCO (2005, p.7)’s framework based education quality on four interwoven pillars: “learner 
characteristics, enabling inputs, context, and outcomes.” This paper inquires ‘outcomes’ in education 
quality by focusing on issues related to cognitive skill development. Cognitive skills, which include 
literacy and numeracy, are defined as the “ability to understand complex ideas, adapt effectively to 
the environment, learn from experience, and reason” (The World Bank, 2017). UNESCO (2005, p.2) 
mentions the importance of cognitive development as “the major explicit objective of all education 
systems” and as one of the principles of defining quality in education. The first section of this paper 
will elaborate on the role of cognitive skills within the purpose and quality of education, followed by 
a section on teacher quality, and early childhood education since an amalgam of research states both 
factors having a significant statistical impact on cognitive skill formation (HW, 2015; Cunha& Heck-
man, 2017; Dahmann, 2015). The paper concludes by elaborating on issues regarding measurement 
and research gaps. There are several factors which enhance cognitive skill formation, and the aim of 
this research is not about assessing importance/relevance weights on specific factors; instead, it is an 
inquiry on the importance of cognitive skills within education quality.
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2. Role of Cognitive Skills within the Purpose and Quality of Education

Quality education refers to “the investment and consumption value of the education” (Ladd 
&Loeb, 2013, p.5), and returns such as economic growth and human well-being (Altinok & Aydemir, 
2017). There is not a unified definition of the purpose of education given the plurality of ontological 
positions and epistemological worldviews held by scientists (Ammons, 1964; Dewey, 1934; Foshay, 
1991), along with different political ambitions of governments (Yiannouka & Mouhyi, 2018). Bitesta 
(2008) however brings an amalgamated approach and states that the purpose of education is a func-
tion of “qualification, socialization, and subjectification” (p.39-40). Through education, qualification 
part refers to the knowledge and skills accumulated; socialization is on citizens being a part of “so-
cial, cultural, and political orders” (p. 40); and subjectification is about characteristics which make 
individuals distinct amongst others in society.

Hanushek& Woessmann (2007) (hereafter HW) state that cognitive skill development is a sig-
nificant notion within the purpose of education and its quality. Main reason issues of low cogni-
tive skills have been omnipresent for long is due to both policymakers and scholarship viewing 
school attendance as a mere variable to measure the value, quality and the impact of education 
(Mincer,1974; Barro & Sala-i-Martin, 2004). Hence, education systems with a mere focus on par-
ticipation and a lack of emphasis on institutional, curricula and teacher quality brought an exoge-
nous negative impact to the outcomes of the education provided, that being lack of cognitive skills 
(HW, 2007; 2008; 2015). Hanushek and Kinko (2000) were the first ones to incorporate internati-
onal student achievement exams testing students’ numeracy and literacy skills, thus their cogni-
tive abilities, such as PISA, TIMMS, and PIRLS (See Table 1), as an education quality measure to 
test its impact on the widely-acclaimed benefits of education such as inclusive income per capita 
growth and increase in living standards. These results were further corroborated in HW’s (2008; 
2012a; 2015) studies where results show that education quality, hence cognitive skills measured 
by PISA, TIMMS, and, PIRLS account for 78% of the variation in per-capita income growth. One 
major reason on why HW (2008)’s work has resonated well within academia was that their bi-vari-
ate regression framework suggests that school attainment does not explain the variation in per-ca-
pita income growth. This finding has resulted in vociferous debates within academia given the wi-
de-spread usage of school attainment figures to explain the impact of education on income and 
human-wellbeing (Jackson, Johnson, & Persico, 2017; Bretton, 2011). Although discussions on the 
impact on school attainment on economic growth remain vigorous, there seems to be consensus 
behind the notion that cognitive skills accumulation of a nation explains the per-capita income va-
riations across countries (Bretton, 2011).

Table 1. International Student Achievement Tests Comparison Table

PISA
(OECD, 2016)

TIMMS
(Mullis et al., 2012)

PIRLS
(Mullis, 2012;
Martin et al., 2017)

Name Program for International Student 
Assessment

Trends in International Mathema-
tics & Science Study

Progress in International Rea-
ding Literacy Study
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Organization Organization for Economic Co-
operation and Development 
(OECD)

International Association for the 
Evaluation of Educational Achie-
vement (IEA)

International Association for the 
Evaluation of Educational Achie-
vement (IEA)

Assessment Reading, mathematics, science, 
problem-solving

Mathematics & science Reading

Age 15 10 and 14 10
Purpose Evaluates education systems on 

what extent students at can apply 
their knowledge to real-life situa-
tions and be equipped for society.

Measures trends in mathematics 
and science. Describes educati-
onal context, students’ attitudes, 
curriculum, teachers’ training.

Measures trends in reading com-
prehension. Investigates the ex-
periences young children have at 
home and school.

Focus Skills-based Curriculum-based Curriculum-based
Countries 72 57 50

Source: Watts, A. (2017). International surveys TIMSS, PISA, PIRLS (pp. 1-5, Issue Brief No. 692.056.5690). Cambridge As-
sessment International Education, p.2

The main reason behind HW (2008)’s contention on school attainment’s impact on achievement is 
that a year of education in low-performing countries in international assessments would not yield the 
same returns in juxtaposition to the high-performing countries. In their recent book, HW (2015) make 
an extensive review on the plight of Latin American (hereafter LATAM) countries, particularly Mexico 
and the rise of East Asian countries such as Singapore, South Korea, and Japan. Authors state that in 
1960, LATAM countries had higher school attainment figures and per capita income than both East 
Asian and the Middle East and North African (hereafter MENA) countries. Today, East Asian countries 
moved significantly ahead of LATAM countries concerning economic growth and per-capita income; 
LATAM countries fell even behind of MENA countries, sharing the bottom ranking with sub-Saharan 
African countries. As shown in Figure 1, low level of cognitive skills appears to explain the poor per-ca-
pita growth rates of Latin America and the high-performance levels of East Asian countries.

Figure 1. Cognitive Skills and Economic Growth Rates Across the World 3

Source: Hanushek, E., Woessmann, L., (2015). The Knowledge Capital of Nations. Education and The Economics of Growth. 
The MIT Press, Cambridge, MA, p.4

3 Y variable: Real GDP per capita between 1960-2009. X variable: Average test scores on international student 
achievement tests
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The plight of LATAM countries, with a significant focus on Mexico, is a subject that is highly inquired 
in social sciences (HW, 2012b). In their famous book Why Nations Fail, Acemoglu & Robinson (2013) (he-
reafter AR) highlight a town called Nogales in which the territory is shared between the United States and 
Mexico, divided with nothing but a mere fence. While Nogales, Arizona benefits from high per-capita in-
come, stable infrastructure, efficient health care services, Nogales, Sonora in Mexico averages 1/8th of the in-
come of the other side of the fence and battles with corruption and crime issues. AR state the reasoning of 
this perplexing issue with their renowned term of ‘inclusive institutions’, defined as “those that allow and en-
courage participation by the great mass of people in economic activities that make best use of their talents 
and skills and that enable individuals to make the choices they wish” (Acemoglu& Robinson, 2013, p. 74).

To test both HW (2015) and AR (2013)’s claims, GDP growth rates of Mexico and the US between 
1950-2014 were analyzed using data from version 9.0 of Penn World Tables (Feenstra, 2015; Zeileis, 
2017). Calculations were made based on Solow (1956)’s Growth Model using Brumm (1956)’s deriva-
tions to account for human capital augmentation. As seen in Table 2, a significant share of US’ econo-
mic growth (40.16%) came from their human capital, which is the accumulated cognitive skills of a na-
tion (HW, 2015), and total factor productivity, which simply put is growth from technological progress, 
also caused by education (Mankiw et al., 1992).On the other hand, Mexico heavily relied on growth 
from physical capital — tangible and fixed goods such as machinery and buildings (Samuelson & Nor-
dhaus, 2010) — and labor force participation with a high rate of 83.90%. Henceforward, differences in 
where economic growth came from provide further statistical reasoning on the stark contrast between 
these countries regarding income, living conditions, innovation creation, and educational quality. Even 
though Mexico’s economy grew 1.21% more on average per annum, it is still behind of the US in almost 
every indicator of economic and human well-being (OECD, 2018). From thereof, countries that do not 
base their growth trajectories on the cognitive skills accumulation of their citizens seem to fall behind 
of countries that do as seen in cross-country analyses of HW and AR and results shown below. This is 
why the existence, importance, and preeminence of issues regarding low cognitive skills have also been 
recognized by international bodies such as the United Nations (2015) as they have made quality educa-
tion a goal, and cognitive skills formation a target of their Sustainable Development Goals 2030.

Table 2. Mexico and the US’ Economic Growth Accounting: Human Capital Augmented Model

Mexico United States
GDP Growth Rate 4.32 % 3.11 %
Labor Input Contribution 1.38 % 0.73 %
Total Factor Productivity(TFP) Cont-
ribution

0.27 % 0.90 %

Human Capital Contribution 0.42 % 0.36 %
Physical Capital Contribution 2.25 % 1.12 %
Growth from Labor& Physical Capital 83.90% 59.37%
Growth from Human Capital & TFP 16.10% 40.63 %

Equation 1: Y(t) = K(t)α H(t) β [A(t) L(t)] 1-α-β

Source: Solow, R. (1956). A Contribution to the Theory of Economic Growth. The Quarterly Journalof Economics, 70(1), 65-94. 
and Brumm, H. J. (1996). “The Human Capital Augmented Solow Model Revisited.” Applied Economics Letters 3(11): 711–14.

1 Total Factor Productivity (A); Physical capital (K); Human capital (H); Labor Force Participation (L); and 
Productivity-Augmented Labor (AL)
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3. Teacher Quality and Early Childhood Education

One possible explanation for the existence of issues regarding low cognitive skills in education 
quality is the lack of attention to teacher quality, which is key to student achievement (Hanushek, 
2005). Pont et al. (2008) highlight “supporting, evaluating and developing teacher quality” (p. 4) as 
one of the four main responsibilities of school leadership. Barber and Mourshed (2007) on the other 
hand state that ‘the quality of an education system cannot exceed the quality of its teachers” (p. 13), 
and that top-performing countries hire teachers from the top third of the graduating class. Teacher 
quality is mentioned to have the greatest effect in cognitive skill accumulation and student perfor-
mance (Seidel & Shavelson, 2007; HW, 2015). Regarding cognitive skills, the magnitude of learning 
produced by a teacher can vary from 0.5 years of gain to 1.5 years of gain per academic year; in life-
time earnings, one standard deviation increase in teacher quality can generate gains of $400,000 or 
more (Hanushek, 2010). Likewise, at a national level, if for instance the US were to replace “the bot-
tom 5–8% of teachers with average teachers,” it could move “near the top of international math and 
science rankings with a present value of $100 trillion” (Hanushek, 2010, p. 466). Furthermore, cog-
nitive skills are crucial not only in education quality but also in teacher quality as Piopiunik et al. 
(2018) state teacher cognitive skills are heavily related to student performance, and “that differences 
in teacher cognitive skills across countries are strongly associated with international differences in 
student performance” (p. 33).

Early childhood education (hereafter ECE) as well has a direct impact in cognitive skill forma-
tion (Cunha& Heckman, 2017), and “evidence suggests learning in the formative years before formal 
schooling is important for ultimate academic achievement” (HW, 2015, p. 198). In their work, Cunha 
and Heckman (2007) famously stated that “skills beget skills and abilities beget abilities” (p. 8), sug-
gesting that skills and learnings developed at early ages form into greater skills and learnings with a 
higher multiplier effect. They argue that an individual’s future skills arsenal is based on the following 
model (as cited in Dahmann, 2015):

(1)    θt+1 = ft (h, θt, It)

where skills at age t+1, θt+1, is a function of initial skills θt, “parental investments in child skill 
when the child is t years-old” (p. 9), It , and, on parental and environmental skills, h. According to 
this model, skills are multiplied during two stages, that being dynamic complementary and self-pro-
ductivity. Dynamic complementary arises when ∂ 2 ft (h, θt, It) /∂θt ∂I’t > 0, indicating that “skills 
produced at one stage raise the productivity of investment at subsequent stages” (p.8). According to 
the authors, dynamic complementary explains “returns to educational investments are higher at la-
ter stages of the child’s life cycle for more able children (those with higher θt)” (p.9). Self – produc-
tivity takes place when ∂ ft (h, θt, It) /∂θt > 0, which then shows that “that skills acquired in one pe-
riod persist into future periods” (p. 7). In their later work where they test the validity of this theory, 
Cunha and Heckman (2008) find out that investments, It, bring the highest returns in early stages of 
life, suggesting that childhood and especially ECE is a vital component in skill formation. Dahmann 
(2015) also suggest that “skills may be malleable through educational interventions, especially at an 
early stage in life” (p. 3), pointing at the importance of establishing a functioning ECE system to en-
hance skill accumulation.
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4. Research and Measurement Gaps

The brain is a complex organ where science has yet to reveal out all its secrets (National Institutes 
of Health, 2018), making elusive concepts such as cognitive skills arduous to measure. Baron & Tre-
iman (1980) state that given abilities are measured with “an experimental task” (p.313) which is sen-
sitive to the interest of the examinee, this causes many issues to research related to cognitive skill de-
velopment such as biased data. Examinee initiative is also a ubiquitous problem in international tests 
(Evans, 2018). As cited in Evans (2018), Gneezy et al. (2017) estimate that increasing American stu-
dents’ motivation on the PISA would result in an increase of 22—24 points in mathematics, “equiva-
lent to moving the U.S. from 36th to 19th in the 2012 mathematics rankings” (p. 4). Besides student 
motivation, political ambition also is a factor which skews PISA results given the results receive mass 
public attention and governments are likely to take measures to avoid bad publicity. For instance, 
Gruber (2017) reports that Israel does not include Arab-Israelis in the PISA exam and that there is a 
considerable learning gap between Jews and Arabs in Israel. There are also copious claims that count-
ries make great efforts to skew their results (Jerrim, 2017) as China and Argentina “were allowed to 
take their sample from their most educated cities or regions” (Sands & Roy, 2017, para. 4), and 30% 
of PISA participants in Malaysia in 2015 came from a group that represents less than 3% of the 15-ye-
ar-old students (Jaya, 2016). Furtermore, Rao et al. (2014) state tools to measure cognitive skills deve-
lopment in very young children remain lackluster, which may hinder further research in ECE.

In terms of data analysis, a commonly phrased issue among education research in cognitive skills 
is data limitations as many authors state the impact of data limitations on topics ranging from iden-
tifying effective teachers (Hanushek, 2010) to conducting panel estimation to question “what extent 
the increase of cognitive skills within a given country induces economic growth” (Altinok &Ayde-
mir, 2017, p. 189). Researchers are tied down to the initiatives of countries and schools to college and 
share data, which hinders them to draw macro-level conclusions as In addition, many studies rela-
ted to this field are heavily reliant on survey data, such as Piopiunik et al. (2018)’s measurement for 
teachers’ cognitive skills, and PISA’s measurement for student socio-demographics and expectations 
(OECD, 2016). Research with survey data itself posits an influx of problems as issues from social de-
sirability, and anchoring bias might cause respondents to report unfaithfully, leading to biased and 
skewed data (Moy & Murphy, 2016).

UNESCO (2005) framework for quality education identifies not only cognitive skills as a part of 
its outcomes component but also “creative and emotional skills” (p. 7), which make up non-cogni-
tive skills (Heckman, Stixrud & Urzua, 2006). The impact of non-cognitive skills on quality educa-
tion and human-wellbeing is an essential research gap that should be addressed since automation is 
causing significant shifts in the labor market, and raising the importance of non-cognitive skills (Kat-
tan, 2017). Alas, tools to measure the impact of non-cognitive skills are limited since Skills Towards 
Employability and Productivity (STEP) Survey (World Bank, 2014) is one of the few datasets avai-
lable to research this topic, which besides being a survey, is limited to few countries. Other studies in 
non-cognitive skills measure micro-level impact given data limitations, which is not enough to draw 
macro-level conclusions (García, 2014).
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5. Conclusion

Cognitive skills accumulation is a vital component of education quality. It dovetails well with the 
purpose of education defined by Bitesta (2008) since it increases knowledge and skills accumulated 
and makes individuals distinct amongst society by providing grounds for them to pursue sui generis 
interests. Research discussed above delineates the significant role it plays in explaining the per-capita 
income variations across countries (Bretton, 2011). Studies conducted by HW (2015) and AR (2013), 
along with the data analysis in Table 2 show how cognitive skills accumulation impacted some count-
ries to fall behind, and others to thrive. The global effort carried out by PISA and the United Nations 
for cognitive skills accumulation is another indicator of this issue’s presence and eminence. Teacher 
quality and ECE directly impact the formation of these skills and student performance by conside-
rable amounts (Seidel & Shavelson, 2007; Cunha& Heckman, 2017).

Measurement and research gaps exist; however, this paper, by drawing from various discipli-
nes and fields, ultimately suggests that cognitive skills help shape educational quality, and per HW 
(2015), the overall prosperity and well-being of a nation is linked its society’s cognitive skills.
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