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Effect of cognitive abilities and non-cognitive abilities on
labor wages: empirical evidence from the Chinese
Employer-Employee Survey
Fan Yu, Chu Wang, Jun Shen, Yuxuan Shi and Tang Li

Institute of Quality Development Strategy, Wuhan, P.R. China; Macro-quality Management Collaborative
Innovation Center in Hubei Province, Wuhan, P.R. China; China Enterprise Survey and Data Center, Wuhan,
P.R. China

ABSTRACT
The existing literature suggests that worker’s cognitive and non-
cognitive abilities have a significant impact on wages. However,
presently there is little research in this area of China’s labor force,
due to scanty data. To this end, this Paper conducted a CEES-
based data research, which found that, the cognitive and non-
cognitive abilities of male, skilled workers have a greater impact
on their wages, as compared with those of the female, unskilled
workers. The OLS regression based on the Mincer Wage Equation
found that, the impact of non-cognitive abilities on wages is
generally larger than that of the cognitive abilities. All cognitive
abilities have a positive impact on wages, wherein English profi-
ciency has the greatest elasticity of wages, which is 12.1%. Of all
non-cognitive abilities, Conscientiousness has the highest wage
elasticity, which is 13.6%, whereas Agreeableness has a negative
wage elasticity of −6.32%.

Abbreviations: CEES: Chinese Employer-Employee Survey OLS:
Ordinary least squares
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1. Introduction

Presently, there is an abundance of literature using the labor force’s education, work
experience and other indicators to estimate the impact of human capital on wages
(Becker 1975; Zhou and Song 2016; Yu and Wang 2016; Li, Han, and Yu 2016; Li and
Ning 2016). However, aside from the above factors influencing human capital’s role in
the labor market, the cognitive and non-cognitive abilities of workers have an impor-
tant impact on their socio-economic behaviors (Heckman and Urzua 2006). Heckman
(1999) pointed out, if we only measure the cognitive abilities of labor, while ignoring
their abilities to adapt to society, the assessment of human capital will result in a very
serious estimation error. The social adaptability herein refers to the non-cognitive
abilities of workers to achieve self-worth in society. The importance of workers’
cognitive and non-cognitive abilities for their market performance has attracted more
and more attention of scholars, who began to focus more on the effect of heterogeneity
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of workers’ cognitive and non-cognitive abilities on labor productivity and, further-
more, wages (Li, Han, and Yu 2016).

However, due to data limitations, researches in this area are scanty. In the US, the
data on cognitive abilities include mathematical reasoning, text recognition, reading
comprehension, arithmetic, encoding speed etc., which are collected from the Armed
Services Vocational Aptitude Battery (ASVAB), and the National Longitudinal Survey
of Youth (NLSY). The British National Child Development Study (NCDS) collects
personal data of cognitive abilities based on the General Ability Test (GAT). The
German Socio-Economic Panel Survey (SOEP), based on the Symbol Correspondence
Test (SCT) and Word Fluency Test (WFT), collected Verbal IQ and Performance IQ
data reflecting personal cognitive abilities. Based on the data, researchers have investi-
gated the effect of personal cognitive abilities on wages, education, marriage, and social
involvement in illegal activities, etc., (Kautz et al. 2014; Cawley, Heckman, and Vytlacil
2001; Heineck and Anger 2010). Compared with the research on cognitive abilities, only
a few literature focuses on non-cognitive abilities. However, some literature held that,
albeit non-cognitive abilities like perseverance or credit can be of great help for
employer-employee and employee-customer relationship building, some aggressive or
passive non-cognitive abilities will bring negative market returns to labor (Heineck and
Anger 2010). Further, Heckman and Urzua (2006) used a 2-phase model to better solve
the problem of self-selection in education; the endogenous problems of education and
cognitive/non-cognitive abilities; and the problem of overlooked family background
factors while taking test scores as a proxy variable, and other measurement errors.
PISA-based empirical data found that non-cognitive abilities not only have a direct
impact on the wages of labor, but can affect students’ educational choices, thereby
affecting the workforce market performance. Further study found that non-cognitive
abilities are equally important as cognitive abilities in many dimensions, and some non-
cognitive abilities have greater influence on labor market performance than cognitive
abilities do.

From the above analysis, it is not difficult to see that the cognitive and non-cognitive
abilities of workers have an important impact on their wages and market performance.
However, to date, only the researchers from United States, Britain, and Germany have
used the corresponding survey data for an empirical test of the effects of cognitive and
non-cognitive abilities on wages (Heckman and Urzua 2006; Groves 2005; Heineck and
Anger 2010). Faced with the pressure of rising labor costs, the importance of the impact
of studying the effect of Chinese labor’s cognitive and non-cognitive abilities on labor
wages looms large. This Paper shall perform CEES-based research on the effect of
Chinese labor’s cognitive and non-cognitive abilities on labor wages (Cheng et al. 2016),
which can provide policy recommendations to enhance the quality of labor and human
capital, and ease the pressure of rising labor costs.

2. Literature review

A review of the existing literature found that there has been no consensus on the studies
of market performance involving cognitive abilities, wages, etc. Through empirical
analysis, some scholars found a positive correlation between cognitive abilities and
wages. Bronars and Oettinger (2006) used the National Longitudinal Survey of Youth
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1979 (NLSY79) data, controlled family fixed effects, and found a significant positive
impact of cognitive abilities on wages by introducing the cognitive abilities data of the
Armed Forces Qualification Test (AFQT) into the Wage Equation. Green and Riddell
(2003) used the direct measures of literacy to examine the influence of cognitive ability
on earnings, and found that cognitive skills contribute significantly to earnings and that
their inclusion in earnings equations reduces the measured impact of schooling. Some
scholars suggested that cognitive abilities have limited explanatory power for wages.
Cawley, Heckman, and Vytlacil (2001) summarized and reviewed the existing literature,
and found that wage payment by ability does vary across race and gender in the US, and
that the fraction of wage variance explained by cognitive ability is modest. Zax and
Reese (2002) explored the effects of peers, friends, family, IQ, and academic perfor-
mance, observed in the last year of high school, on earnings at ages 35 and 53; the
empirical results show that, after controlling family background, academic performance
and other factors, the effect of IQ on wages is very small.

For non-cognitive abilities, some have a positive impact on wages, while some have a
negative impact. Heineck (2011) used the data from the British Household Panel Study
(BHPS); the empirical research found that Openness, one of the personality traits, has a
positive correlation with wages, while Agreeableness have a negative correlation with wages.
For women, Neuroticism has a negative correlation with wages. Conscientiousness has no
linear relationship with wages, but has a strong nonlinear gradient relationship. Semykina
and Linz (2005) used survey data collected from over 2600 Russian employees between
2000 and 2003, and found that men are more likely to exhibit an internal locus of control
and need for challenge, while women are more likely to exhibit an external locus of control
and need for affiliation. Gender differences can lead to heterogeneous effects of non-
cognitive abilities on wages, women’s earnings are strongly affected by personality, while
the effect of personality on men’s earnings is small and not always significant. Overall,
personality traits explain as much as 8% of the gender wage gap. Mueller and Plug (2006)
adopted the Five-Factor Model of personality structure to explore how personality affected
the earnings of a large group of men and women who graduated from Wisconsin high
schools in 1957 and were re-interviewed in 1992. The empirical results show that gender
differences will produce different effects on wages. Among men, substantial earnings
advantages were associated with antagonism (the obverse of agreeableness), emotional
stability (the obverse of neuroticism), and openness to experience. For men, confrontational
(agreeableness antithesis), emotional stability (neuroticism antithesis) and openness has a
positive effect on wages, among women, with conscientiousness and openness to experi-
ence. Nyhusa and Ponsb (2005) used the Dutch DNB Household Survey data and found
that emotional stability (the obverse of Neuroticism) is positively associated with the wage
of both women and men, while agreeableness is significantly associated with lower wages
for women. At the beginning of employment, Conscientiousness will increase the male’s
wages. The economic returns of the personality factors in wage determination vary between
educational groups.

Taking into account the interaction of cognitive and non-cognitive abilities (Furnham,
Forde, and Cotter 1998), it is necessary to study two abilities together. Groves (2005)
found that, when personality traits are put into the model, cognitive abilities have positive
correlation with American women’s wages, and no positive correlation with women’s
wages. Aside from the above-mentioned study on the impact of non-cognitive abilities and
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wages, Mueller and Plug (2006) also used Henmon-Nelson mental ability tests to obtain
the subject’s level of intelligence, based on empirical data, they found a positive linear
relationship between intellectual level of workers and wages. Cebi (2007) employed the
data from the National Longitudinal Survey of Youth (NLSY), the Armed Forces
Qualification Test (AFQT), and locus of control (LOC); the empirical analysis found
that, when cognitive abilities are introduced into the estimation model, the non-cognitive
abilities can hardly predict a student’s decision-making in attending college. The authors
also pointed out that the cognitive abilities represented by the AFQT data cannot fully
capture the data of LOC-represented non-cognitive abilities, which can bring a market
return for laborers. Heckman and Urzua (2006) found that, cognitive abilities and non-
cognitive abilities are equally important in terms of their impact on workers’ wages.
Heineck and Anger (2010) used the German Socio-Economic Panel Survey (SOEP) to
obtain relevant data characterizing cognitive abilities, and data of non-cognitive abilities
characterizing personal characteristics, their empirical analysis found that fluid intelligence
has an positive impact on male wages only; the influences of personality traits on wages are
heterogeneous; but external locus of control has robust wage penalty for both men and
women.

Given that scholars have not reached a unified conclusion on studying the impact of
cognitive and non-cognitive abilities on wages, and that no scholars have used the
Chinese data to study the effects of Chinese workers’ cognitive and non-cognitive
abilities on their wages, this paper shall, based on CEES data, perform an in-depth
empirical analysis of the above effects in a Chinese setting.

3. CEES data and measurement

The data used in this paper are drawn from the Chinese Employer-Employee Survey
(CEES) in 2015. In order to ensure the representative of the samples, Guangdong
province, which is one of the largest manufacturing industry in China, is selected as
the survey region. To ensure the randomness of the samples, the survey selected
randomly 19 regions from 21 cities in Guangdong province as the basic research
units and extracted randomly the sample enterprises based on the employment
weighted method from the 30090 manufacturing enterprises in the third economic
census. The survey selected 30% of senior managers and 70% of workers on the
production line as the object by randomly stratified sampling method. Through a series
of high-quality survey process controls, 5364 valid questionnaires were finally recov-
ered, including 570 enterprise questionnaires and 4794 employee questionnaires. The
questionnaires cover cognitive abilities including mathematics, reading, English, and
problem solving; the non-cognitive abilities including the Big Five personality and the
employee wages. Therefore, based on the CEES data, we can study the effects of Chinese
labor force’s cognitive and non-cognitive abilities on their wages comprehensively.

3.1. Measurement of cognitive ability

Existing surveys mainly test the interviewee’s intelligence through answering questions.
According to the intelligence division by Cattell, existing surveys test mainly crystallized
intelligence and fluid intelligence. Crystallized intelligence includes language ability,
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reading ability and so on, while fluid intelligence includes mathematical reasoning,
problem solving ability and so on. It is specifically tested through Programmed for
International Student Assessment (PISA), carried out by the Organization for
Economic Co-operation and Development (OECD), using Achievement Tests to
check students’ crystallized intelligence and IQ Tests to check fluid intelligence. The
German Socio-Economic Panel (SOEP) is based on the Wechsler Adult Intelligence
Scale, which include Word Fluency Test for the crystallized intelligence and the Symbol
Correspondence Test for fluid intelligence.

Cognitive ability in mainstream survey data is achieved through basic questions, but
this article suggests that employee’s cognitive ability plays a more important role during
work, which can truly reflect the impact of cognitive ability on employee’s wages.
Therefore, this article will use the effect of self-assessment scores of employee’s cogni-
tive ability in work to check his or her cognitive abilities.

Specifically, to investigate employee’s language skills and reading skills, which can
represent one’s crystallized intelligence, CEES does the investigation by asking the
following items: is English frequently used in your daily work? Four options respec-
tively are: often, sometimes, rarely, basically no. How is your English listening and
speaking ability? Four options respectively are: very good, good, fair, and not good.
How is your English reading skills? Four options respectively are: very good, good, fair,
and not good. Written materials are sometimes needed to be read in work (such as
manual), how many pages of the longest work-related written materials you typically
read? Six options respectively are: less than one page, two to five pages, six to ten pages,
eleven to twenty-five pages, over twenty-five pages, and the work does not need to the
file to be read. It should be noted that, in order to facilitate the calculation, employee’s
English ability will be calculated using the arithmetic mean of English frequency,
English listening, speaking, and reading abilities.

To investigate employee’s mathematical reasoning and problem solving ability,
which can represent one’s fluid intelligence, CEES does the investigation by asking
the following items: are advanced mathematics (linear algebra, geometry, calculus,
probability theory, etc.), physics and chemistry often used in your daily work? Five
options respectively are: more than once a day on average, at least once a week, at least
once a month, less than one time a month, and never. Have you ever encountered some
new situations or difficult problems to solve in the work that it takes at least 30 minutes
to find a good solution? Five options respectively are: more than once a day on average,
at least once a week, at least once a month, less than one time a month, and never.

3.2. Measurement of non-cognitive ability

Although some scholars use the Big Three or the Big Nine personality characteristics to
measure non-cognitive ability, Big Five personality classification is still the most widely
accepted (Almlund et al. 2011), including: openness to experience, conscientiousness,
extraversion, agreeableness and neuroticism (OCEAN). CEES uses 44 items to investi-
gate the Big Five Personality, and each type of personality includes 8–10 items.
Employees can choose from the answers scoring from 1–5, respectively representing
strongly disagree, disagree, neutral, agree, and strongly agree.
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4. Statistical analysis

Extensive literature empirically found that there is gender heterogeneity existing
between the impact of cognitive ability and non-cognitive ability on wages (Mueller
and Plug 2006). Based on this fact, the statistical analysis in this section will firstly
divide into two groups according to gender, to check whether the heterogeneity exists.
Some literature suggest that cognitive ability of skilled workers has a significant positive
effect on their wages, while non-cognitive ability of unskilled workers has significant
effects (Lindqvist and Vestman 2011), which means skilled-workers and unskilled-
workers have ability heterogeneity. Therefore, a further analysis grouped by the skill
levels will be made to check the heterogeneity.

4.1. Grouped by gender

Figure 1 depicts the distribution of four kinds of cognitive abilities and five kinds of
non-cognitive abilities according to the gender. On the graph, the solid blue line
represents the distribution of the male, while the red dashed line represents the female.
It is not difficult to see from the figure, for cognitive ability, except for English ability,
male’s read ability, math ability and problem-solving ability are better than female; for
the non-cognitive ability, male’s average score of extroversion and openness are slightly
higher than female, while there is no significant difference on conscientiousness,
agreeableness and neuroticism. On the whole, male’s cognitive ability is better than
female, but as to non-cognitive ability, there is no big difference, and this conclusion is
consistent with the existing literature (Mueller and Plug 2006).

Figure 2 depicts the distribution of decile of cognitive and non-cognitive ability and
corresponding mean log wage under the subgroup by gender. Meanwhile, in order to
facilitate comparison, the range of the vertical axis is from 7.8 to 8.7. Overall, in
addition to neuroticism, most of the abilities have a positive correlation with wage.
For cognitive ability, English and read ability have positive and steady effects on wages,
but math and problem-solving ability’s effect on wages is positive on the whole but
partial negative. It is worth noting that male’s four kinds of cognitive ability have
stronger positive effects on wages than female's, and this conclusion is consistent with
the existing literature (Heineck and Anger 2010). For non-cognitive ability, in addition
to the above mentioned negative effect of neuroticism on wages, the other four non-
cognitive ability’s effects on wages show generally positive but partial negative. Similar
to cognitive ability, the effects of male’s conscientiousness, extraversion, openness, and
agreeableness on wages are stronger than female and the negative effect of male’s
neuroticism on wages is weaker than that of female. And these conclusions are con-
sistent with the existing literature (Heineck 2011; Mueller and Plug 2006; Nyhusa and
Ponsb 2005).

4.2. Grouped by skill level

Figure 3 depicts the distribution of cognitive and non-cognitive abilities according to
the skill level. It should be noted that CEES survey divides employees into junior and
senior managers, other management staff, technicians or design staff, sales staff, front-
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line workers, and other employees. Based on the existing literature, the first four
categories can be defined as skilled workers, while the other two categories are non-
skilled workers (Berman and Griliches 1994). It is not difficult to see from the figure, for
the cognitive ability, the ability of skilled workers in English, reading, math, and
problem-solving are better than non-skilled workers; for non-cognitive ability, except
for neuroticism, which characterizes the negative personality traits, skilled workers
score higher than the unskilled ones in conscientiousness, extraversion, openness, and
agreeableness. On the whole, the average score of both cognitive and non-cognitive
abilities of skilled workers are higher than unskilled ones.

Figure 4 depicts the distribution of decile of cognitive and non-cognitive ability and
corresponding mean log wage under the subgroup by skill level. On the whole, except
for neuroticism personality traits, most of the abilities are positively correlated with
wages. For cognitive ability, skilled worker’s English and reading abilities positively and
steadily affect their wages, but their math and problem-solving ability’s effects on wages
present generally positive but partially negative. Unskilled worker’s reading and math
abilities show steadily positive effect, but the English and problem-solving abilities
present generally positive but partially negative. It is worth noting that the positive
effect of the cognitive abilities of skilled workers on wages are all stronger than
unskilled ones (Lindqvist and Vestman 2011). For non-cognitive abilities, the conscien-
tiousness, extraversion, openness and agreeableness of skilled worker’s effects on wages

Figure 1. Distribution of cognitive and non-cognitive abilities by gender.
The data for cognitive ability (English ability, reading ability, math ability, and problem-solving ability) and non-
cognitive ability are standardized data from CEES.
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show generally positive but partial negative, while neuroticism has a negative effect. It is
different to skilled workers that the effects of unskilled worker’s conscientiousness,
extraversion and openness on wages are generally positive but partially negative, but
agreeableness and neuroticism have negative effects on wages. Similar to cognitive
ability, the effects of skilled worker’s conscientiousness, extraversion, openness and
agreeableness on wages is stronger than that on unskilled worker’s wages. What’s
more, the negative effect of skilled worker’s neuroticism on wages is weaker than
unskilled workers, and the conclusion is the opposite of existing literature (Lindqvist
and Vestman 2011).

5. Regression analysis

Based on the Mincer wage equation, Table 1 lists the OLS regression estimation of
cognitive and non-cognitive ability on wages. Models 1-4 respectively put four cognitive
abilities, i.e., English, reading, math, and problem-solving abilities in the wage equation.
The results show that the four kinds of cognitive abilities have significant positive

Figure 2. Mean Log Wages by decile of cognitive and non-cognitive abilities (by gender).
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correlations on wages. Among them, the coefficient of elasticity of English ability on
wages was the highest, which reached 15.7%. The coefficients of elasticity of reading
ability, math, and problem-solving abilities on wages are relatively low. Model 5 put the
four abilities into the equation at the same time and the result remained significant, but
the correlation coefficient of the four abilities on wages decreased. Among them, the
coefficient of elasticity of English ability on wages remained the highest (12.7%), while
the elastic coefficient of reading, math, and problem-solving abilities on wages ranged
from 1.86% to 3.03%. This conclusion is slightly higher than the existing conclusions
(Green and Riddell 2003). Model 6–10 respectively put five kinds of non-cognitive
abilities, i.e., conscientiousness, extraversion, openness, agreeableness, and neuroticism
into the equation. The results show that four kinds of non-cognitive abilities except for
neuroticism, have significant positive correlations on wages. Neuroticism has a signifi-
cant negative correlation on wages. Model 11 put the five non-cognitive abilities into
the equation at the same time and the correlation coefficient of conscientiousness and
openness on wages remain significantly positive, while agreeableness has significant
negative correlation on wages. Among them, the elasticity coefficient of conscientious-
ness on wages was 16.3%, which is higher than 5.7% (Mueller and Plug 2006). The
elasticity coefficient of openness on wages was 5.62%, which is between 2.4%–12.2%
(Mueller and Plug 2006). The elasticity coefficient of agreeableness on wages was −7.3%
%, which is almost the same with −6.8% (Nyhusa and Ponsb 2005). Considering that
cognitive and non-cognitive abilities could be influenced by each other, Model 12 put
four kinds of cognitive abilities and five kinds of non-cognitive abilities together into

Figure 3. Distribution of cognitive and non-cognitive abilities by skill level.
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the equation. Regression results show that elastic coefficients of all kinds of abilities on
wages decreased. Openness turned out to be insignificant while other abilities were still
significant. The elastic coefficients of four kinds of cognitive abilities on wages range
between 1.58% and 12.1%, which is almost the same with 6.6%–12% (Mueller and Plug
2006). For the non-cognitive abilities, the elasticity coefficient of conscientiousness on
wages reached 13.6%, which was higher than 1.3%–1.5% (Heineck and Anger 2010).
The elasticity coefficient of agreeableness on wages reached −6.32%, which was almost
the same with −2.1%–(−8.7%) (Mueller and Plug 2006).

6. Conclusion

Based on existing literature, this paper grouped workers by gender and skill levels, and
studied the effects of cognitive and non-cognitive abilities on wages among different types
of employees. The results show that the effects of both cognitive and non-cognitive ability
are bigger in male workers than female workers; the effects are bigger in skilled workers
than unskilled workers. The conclusions are basically the same with existing literature

Figure 4. Mean log wages by decile of cognitive and non-cognitive abilities (by skill level).
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(Mueller and Plug 2006; Heineck and Anger 2010; Heineck 2011; Nyhusa and Ponsb 2005;
Lindqvist and Vestman 2011). Different to the existing results (Lindqvist and Vestman
2011), the results of data analysis in this paper show that the skilled workers’ non-cognitive
abilities have greater effect on wages than unskilled workers.

Finally, this paper put cognitive and non-cognitive abilities into the Mincer wage
equation. Regression results show that in general non-cognitive ability’s effect on wages
are greater than cognitive ability; conscientiousness of the non-cognitive ability has the
greatest influence on wages than all cognitive ability. The conclusion was basically the same
with Heckman and Urzua (2006). It is worth noting that the elastic coefficient of cognitive
abilities of English ability on wages is as high as 12.1%. The survey data for cognitive ability
had been focused on the IQ test, therefore, there are few tests focused on language ability.
Due to this limitation, it is difficult to compare our results to other literature. Despite this,
some research specialized in foreign language ability and income pointed out that premium
levels of foreign language ability can achieve 16.9% (Chiswick and Miller 1995). The
conclusion is slightly higher than the results in this paper. The difference may be that the
cognitive and non-cognitive abilities are not taken into consideration. In addition, the
impact of conscientiousness on wages is as high as 13.6%, which was far higher than the
existing literature (Mueller and Plug 2006; Nyhusa and Ponsb 2005).
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