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Abstract

In this paper, we model gender differences in cognitive ability in China using a new sample of 

middle-aged and older Chinese respondents. Modeled after the American Health and Retirement 

Survey (HRS), CHARLS respondents are 45 years and older and are nationally representative of 

the Chinese population in this age span. Our measures of cognition in CHARLS rely on two 

measures that proxy for different dimensions of adult cognition—episodic memory and intact 

mental status. We relate these cognitive measures to adult health and SES outcomes during the 

adult years. We find large cognitive differences to the detriment of women that were mitigated by 

large gender differences in education among these generations of Chinese people. These gender 

differences in cognition are especially concentrated in the older age groups and poorer 

communities within the sample.

We also investigated historical, geographical, and cultural characteristics of communities to 

understand how they impact cognition. Economic development and environmental improvement 

such as having electricity, increases in wage per capita and green coverage ratio generally 

contribute to higher cognition ability. Women benefit more from the fruits of development –

electricity and growth of green coverage ratio are conducive to lessening female disadvantage in 

cognition.
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1. Introduction

Cognitive skills are important for many decisions including those that involve health and 

financial outcomes. This is especially true for older populations in a country such as China 

where individuals often have to make important life decisions without the aid of 

professionals specializing in those topics and where levels of cognitive ability are not high. 

Since Chinese women mostly outlive their husbands and then must start making these 

decisions on their own, good cognition may be particularly important for them. Largely due 

to the absence of relevant data for China, the importance of cognitive skills for older 

populations in China has until recently received little scholarly attention.1

In traditional low-income environments such as rural China, families may emphasize 

development of human capital skills broadly defined in favor of sons at the expense of 

daughters. This appears to be the case with standard measures of human capital such as 

schooling where large gender gaps in schooling exist in low-income settings (Parish and 

Willis, 1993). As per-capita incomes increase and education expands, education growth is 

much stronger for women than for men so that gender disparities begin to dissipate (Becker 

et al., 2010). In this paper, we investigate whether these gender disparities extend ever 

deeper to basic cognitive skills and how gender disparities in cognition change as economic 

development improves over time.

In this research, we use a new data source—the Chinese Health and Retirement Longitudinal 

Survey (CHARLS)—that is nationally representative of those ages 45 and over in the 

Chinese population in 2011. This data set contains detailed demographic, health, economic 

and cognitive information on individuals and families who are part of the study. CHARLS 

also contains contemporaneous and historical information on the communities in which 

CHARLS respondents live. Since many attributes of these communities may be related to 

the cognitive abilities of their older residents, they will be investigated to increase 

understanding of sources of gender bias in cognition.

This paper is divided into five sections. The next section describes the baseline CHARLS 

and the main cognition variables that will be used in our analysis. Section 3 outlines 

statistical models estimated to identify the underlying reasons for gender differences in 

cognition in the Chinese context. Our main empirical findings relating individual and 

community level attributes to the cognitive ability of male and female respondents are in 

Section 4. The final section highlights our main conclusions.

2. Material and Methods

2.1. Data—CHARLS

The China Health and Retirement Longitudinal Study (CHARLS) is a nationally 

representative longitudinal survey of the middle-aged and elderly population (45+) in China 

along with their spouses, which includes an assessment of the social, economic, and health 

1In a previous paper (Lei et al., 2011), we examined these cognition issues using the CHARLS pilot sample that only included people 
in two very distinct Chinese provinces—Zhejiang and Gansu.
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circumstances of community-residents.2 The ultimate purpose of CHARLS is to study the 

main health and economic adjustments to rapid population aging in China. The national 

baseline survey of CHARLS was conducted between June 2011 and March 2012 on 17,708 

respondents. CHARLS respondents will be followed every two years using a face-to-face, 

computer-aided personal interview (CAPI). CHARLS has been harmonized with leading 

international research studies in the Health and Retirement model (HRS) to ensure adoption 

of best practice and international comparability of results.

CHARLS baseline data contains detailed information of respondents and their living 

spouses. The main questionnaire includes information on basic demographics, family, health 

status, health care, employment, and household economy (income, consumption and 

wealth).

The principal adult outcome variables span key adult health and SES outcomes. Adult health 

includes self-reported general health status, doctor diagnoses of chronic illnesses, 

depression, word recall, lifestyle and health behaviors (physical activities, smoking, 

drinking), subjective expectation of mortality, activities of daily living (ADLs), and 

instrumental activities of daily living (IADLs). Some health variables, such as weight and 

height, are obtained from health measurements conducted in the field.

Financial dimensions of SES in CHARLS exist in terms of income, wealth, and 

consumption expenditures. CHARLS separately measures income and assets at the 

individual as well as the household level depending on whether the items are separable 

amongst individuals. For example, wage income is measured at individual level while 

agricultural income is at household level since it is difficult for the respondent to separate 

agricultural income into each individual involved. CHARLS income components include 

wage income, self-employment income, agricultural income, pension income and transfer 

income, where wage income is collected for each of the household members, and transfer 

income separates government transfers specific to individuals from those to households.

Asset measurements collected at household level, include housing, fixed assets, durables and 

land. Information on ownership status, value and characteristics of current residence, as well 

as other housing owned by the household, are recorded. Deposits and other investments are 

asked at the individual level, but debts are asked both for respondent and spouse, and for the 

household as a whole.

Household expenditures are collected in CHARLS since the existing literature has shown 

that expenditures are a much better measure of economic resources than income in 

developing countries (Strauss and Thomas, 2008). Depending on the frequency of 

purchases, consumption items are measured at weekly, monthly, and yearly frequencies to 

minimize recall bias. Food expenditure, (expenditures on dining out, food bought from 

market, and values of home-produced food consumed).is collected on weekly basis. Food 

expenditures induced by inviting guests for important events are collected to better reflect 

2For a detailed description of the CHARLS survey, see Zhao et al., 2012, “Cohort Profile: The China Health and Retirement 
Longitudinal Study,” International Journal of Epidemiology, forthcoming. published ahead of print December 12, 2012: http://
ije.oxfordjournals.org/content/early/2012/12/12/ije.dys203.long
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household food expenditure per capita in a normal week. Monthly-based expenditures are 

those usually spent each month, including fees for utilities, nannies, communications, etc. 

Yearly-based items record expenditures occurred occasionally in a year, including traveling, 

expenditures on durables, and education and training fees.

2.2. Measurement in CHARLS—cognition

Based on similar concepts in HRS, there are two cognition measures used in this research. 

The first is memory recall based on a respondent’s ability to immediately repeat in any order 

ten Chinese nouns just read to them (immediate word recall) and to recall the same list of 

words four minutes later (delayed recall). Following McArdle et al. (2007) and Lei et al. 

(2012), we form an episodic memory measure as the average of immediate and delayed 

recall scores. Episodic memory is a necessary component of reasoning in many dimensions. 

Our second cognitive measure is based on some components of the mental status questions 

of the Telephone Interview of Cognitive Status (TICS) battery established to capture 

intactness or mental status of individuals. In CHARLS, mental status questions contain the 

following items—serial 7 subtraction from 100 (up to five times) and whether the 

respondent needed any explanation or used an aid such as paper and pencil, naming today’s 

date (month, day, year, and season), the day of the week, and the ability to redraw a picture 

shown to him/her. Answers to these questions are aggregated into a single mental status 

score that ranges from 0 to 11.

Table 1 presents mean levels of our two measures of cognitive ability separately for Chinese 

men and women stratified by age using samples of those providing their own responses.3 

Across all ages, Chinese men remember about two-tenths of a word more than their female 

counterparts—a differential in favor of men that exists in all age groups in this table. The 

male cognitive advantage is even larger for intact mental status where Chinese men achieve 

a score more than a full point above that of Chinese women.

For both men and women, each cognitive measure declines sharply with age, a decline likely 

a combination of cohort and aging effects. Prior research has suggested strong normative 

age declines in most cognitive functions reflecting different aspects of adult cognitive 

profiles (Levy, 1994;McArdle et al., 2002). In a country such as China, which has 

experienced rapid economic development during the last thirty years with impressive 

increases in schooling for each new generation, one would also anticipate significant cohort 

effects in improved cognition. We come back to this issue of cohort and aging effects below. 

There is a strong indication for both mental intactness and episodic memory of smaller 

gender differences among younger cohorts in Table 1, suggesting that there may be gender 

differential cohort or aging effects or both on cognition.

3Sample sizes in Table 1 and subsequent analysis tables are smaller than for the full CHARLS samples because respondents moved 
since their time and place of birth (2,311 observations), they were less than 45 years old (298 observations), or there were missing 
values on our two cognition variables (2,073 observations). We re-estimated our models in Tables 4 and 5 below including those who 
moved since birth and those less than age 45 and essentially found the same results as those presented in Tables 4 and 5. In addition, 
the third and sixth models in Table 4 lose about 1,900 observations since height was not measured for these respondents. Once again, 
this deletion does not appear to affect the results significantly.
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2.3. Education

An important dimension of socioeconomic status (SES) in any cognition analysis is 

education, which is well known to be directly associated with increased cognitive ability in 

several dimensions (McArdle and Woodcock, 1998). This has recently been shown to be 

equally true among the Chinese elderly (Lei at al, 2012). Our education information is 

obtained from the survey question, “What is the highest level of school you have 

completed?” Twelve possible answers were categorized into five mutually exclusive groups: 

1) “Illiterate,” those who can neither read nor write; 2) "Sishu/home school and below," 

including those who did not finish primary school but were capable of reading or writing, or 

those who were reported to have been in “Sishu”4; 3) “Elementary school,” those who have 

completed a primary school education; 4) “Middle school,” those who have completed a 

middle school level education; and 5) “High school and above,” those who have completed a 

high school, vocational school, college, or graduate level education.

Using these categories, Table 2 reports distributions of education by gender and age in 

CHARLS baseline data. Educational levels for older Chinese respondents are generally quite 

low with very large gender disparities particularly within the oldest cohorts. At the same 

time, within the 45 years and older Chinese population, there have also been impressive 

improvements over time in education accomplishments especially for women. Eighty 

percent of women over age 74 are illiterate compared to 40% of men in that age group. If we 

look instead at the youngest age group in Table 2 (those 45–54 years old), one in every five 

women is illiterate compared to 5 percent of the men. Not surprisingly, education declines 

with age, but men have higher education levels than women in all age groups. Although both 

men and women have become more educated over time, a significant gender discrepancy 

still exists that is becoming smaller in the youngest cohorts contained in Table 2. Using the 

2005 Chinese Population Survey, Lei et al. (2012) show that these education disparities have 

essentially disappeared among young Chinese adults, an indication of the impressive 

narrowing of education disparities by gender in China over time.

2.4. Cognition and communities

Especially in rural China, communities are important social and economic entities that have 

significant impacts on their residents. Strauss et al. (2011) and Smith et al. (2012) find that 

for many health outcomes unmeasured community effects are highly important, much more 

so than one usually finds in other countries. Why communities are so central to 

understanding China is a key question and answers may depend on the specific life outcome 

that is examined. In terms of sex discrimination, where Chinese rural villages are close-knit 

communities and where residents inherit, preserve, and then pass on the same culture across 

generations, girls may not be treated similarly relative to boys based on village attributes. 

These community traits may impact different levels of cognitive ability of resident girls and 

boys and eventually those of women and men. To obtain an initial look at economic 

attributes of communities, we divided all communities in the CHARLS survey into ten 

groups based on the community average log PCE where mean community log PCE was 

4Sishu is an old, private Chinese education style that before the 20th century taught young children reading, writing, and other 
fundamental skills.
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defined for each CHARLS respondent excluding the individual respondents’ own family log 

PCE.

Table 3 documents for each of the ten community groups (1 indicates poorest and 10 richest) 

average mental intactness and episodic memory scores for women and men separately 

alongside gender difference in scores. Statistical tests are provided to indicate statistical 

significance of the gender difference. As the average community log PCE increases, 

cognitive scores of its residents increase sharply for both men and women, but this increase 

is in general more dramatic for Chinese women compared to Chinese men. Chinese male 

cognitive ability also rises as communities become better off economically but nowhere near 

as much as for women.

The last three set of columns in Table 3 show fractions of women and men in these ten 

community groups who are illiterate with the final column tallying female-male difference 

in illiteracy rates. In the poorest set of communities, about 60% of female residents over age 

45 are illiterate compared to 23% of men. While female rates of illiteracy exceed male rates 

in all ten groups, gender difference become much smaller as we reach the richest group of 

communities.

The level of economic activity of the community in which you live should most likely be 

thought of as a summary statistic for the underlying reasons why communities matter so 

much for cognition. There are many other aspects of the community that may matter for 

cognition, some of which are included in the CHARLS survey. In this research in addition to 

the level of economic resources in the community, these will include community social 

activities, years of electricity available, measures of the remoteness of the community, years 

of people’s commune, the presence of common surnames in the community, and the amount 

of economic growth experienced in the community.

2.4.1. Social activities—Social activities in CHARLS include participating in one of the 

following activities: 1) volunteer or charity work; 2) caring for a sick or disabled adult who 

does not live with the respondent and who does not pay for the help; 3) attending an 

educational or training course; 4) interacting with friends; 5) playing Mahjong, chess, or 

cards, or going to a community club; 6) attending a sporting event or other kind of club; 7) 

taking part in a community related organization.

Social activities play an important role in the daily life of most Chinese elderly. We define a 

variable called “any social activity” to indicate if a respondent was involved in at least one 

social activity. In aggregate, 44 percent of the sample participated in at least one of the 

social activities. Social activity may benefit cognitive functioning of the elderly by 

providing resistance to mental diseases, such as dementia and by reducing rates of cognitive 

decline (Hu, 2012; Wang et al., 2002). If men and women participate in social activities with 

different intensity or of different stimulating capability, the effect of social activity on 

cognition may be different by gender.

2.4.2. Years of electricity available—The community questionnaire asks when 

electricity was first available in the village. The variable—years of electricity available—is 
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constructed using this information. Urban areas in general had electricity available a long 

time ago so it is difficult for the current urban residents to know exactly the timing of the 

community. Therefore, the CHARLS survey only asks this question for residents in rural 

areas. In the paper, we use the value of the 95 percentile of rural villages for residents in 

urban communities. This is reasonable as the starting time of electricity in urban areas is in 

general homogenous and a long time ago.

Electricity can contribute to people’s acquisition of knowledge and improvement of 

education quality. Women may be more sensitive to the benefit of electricity than men at 

least for the following two reasons. Firstly, electricity facilitates study and reading and 

therefore increases cognitive abilities. Given the level of education completed, the quality of 

study may be better in areas with electricity. If women spend more time at home and are 

more likely to study by themselves, electricity will contribute to reducing gender difference 

in cognition. Second, in areas where electricity is available, people can obtain more 

information and knowledge through TV, which may be cognitively stimulating. Availability 

of electricity may benefit women more as watching TV is the main (if not the only) source 

for them to obtain information and knowledge about the outside world, especially for those 

rural women whose activities are mostly around the home. Unlike other sources of 

knowledge, electricity generated information flows may be more akin to a public good in 

which it is more difficult to exclude women.

2.4.3. Mountainous region—We use terrain as a proxy for geographical isolation. The 

community questionnaire asks the main terrain/topography of the village/community with 

options being “plain,” “hill,” “mountainous region,” and “others.” We create a dummy 

variable—mountainous region that have a value of 1 if the answer is “mountainous region” 

and 0 if otherwise. We expect that this variable may have a negative effect on cognition as 

geographical isolation may prevent people from communicating with and obtaining 

information from outside the community. Women may be more restricted by this isolation 

environment as it is physically more difficult for them to overcome this obstacle.

2.4.4. Years of people’s commune—The people's commune or the “big pot” was the 

highest of the three administrative levels (commune, production brigades and production 

teams) in rural China during the period of 1954 to 1985 until they were replaced by 

townships. In the commune, everything was shared, all resources were controlled and all 

farming activities were centrally assigned. The commune has been blamed for failing to 

raise peasant income and to provide incentives for peasants to work harder. This in turn has 

made it difficult for many communes to accumulate funds to invest in diversification and 

sideline activities to further modernization, or to provide welfare services (O'Leary and 

Watson, 1982), which may adversely impact people’s health status as well as cognitive 

abilities. During the period of commune activity, people largely lived with hunger which 

may in turn undermine cognitive ability. Therefore, the longer the existence of a commune, 

the more likely is the cognitive disadvantage of people (Tamas and Karagianis, 2006).

The CHARLS questionnaire has information for each village on when the commune was 

founded and when it was disintegrated, so we construct a variable on how long local 

people’s commune lasted. Since the community data may be subject to recall error, we set 
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cutoffs using the starting and ending year of people’s commune in history. Length of 

commune was then defined as the difference between ending year and starting year. As 

commune was only a rural phenomenon, 0 was used for urban communities. For the reasons 

outlined above, length of commune may be negatively correlated with cognition.

2.4.5. Common surnames—Villages are asked whether it has common surnames, and if 

they do the three most common surnames are asked in the questionnaire. We combine 

information on respondent’s surname and the common surnames in the community to 

construct three dummies: (1) the village has common surnames and the respondent’s 

surname belongs to the three most common ones; (2) the village has common surnames but 

the respondent’s surname does not belong to the three most common ones; and (3) the 

community doesn’t have common surnames. In addition, a female respondent whose 

husband has a common surname in the village is also assigned to the first category because 

she shares the social and family networks of her husband. Since common surname is only a 

rural phenomenon, respondents in urban communities are grouped into the third category. In 

our empirical analysis below, we use the second category as the reference group. Common 

surname reflects extensive networks of personal and social contacts, and thus may provide 

more opportunity to communicate with relatives and others or to play a bigger role in 

community leadership, which may in turn promote cognitive functioning. A large literature 

has confirmed the positive relationship between cognition and social activities or social 

engagement among the elderly (Wang et al., 2002; Zunzunegui et al. 2003; Hu et al. 2012). 

Some of them have tried to seek a causal explanation. For example, using CHARLS 2008 

pilot data, Hu et al. (2012) found that participating in social activities, especially playing 

chess, cards, or Mahjong, has a large and significant effect on episodic memory.

2.4.6. Economic development—We also exploit prefecture-level economic and 

environmental variables available in the Chinese yearbooks (1996 to 2007) to construct local 

status of economic development. Economic development varies a great deal across regions 

and communities in China being concentrating in the Eastern coastal areas. Since a higher 

growth rate might be accompanied by a lower initial level, we use both growth rates and 

initial levels of development to depict a fuller picture of the level of economic development 

and how it has been changing over time. Four measures were constructed for this research: 

average annual growth rate of green coverage ratio from 1997 to 2003, average annual 

growth rate of wage per capita from 1996 to 2007, green coverage ratio in 1996, and wage 

per capita (thousand) in 1995. Green coverage ratio is defined as the ratio of the green areas 

to a certain ground, reflecting local willingness to protect the environment, improve welfare, 

and pursue sustainable development. Green areas play a crucial role in producing oxygen 

and purifying the air, which may be beneficial to people’s health and cognitive abilities. The 

literature has shown that green coverage is positively correlated with human health aspects 

including psychological well-being and personal fulfillment (Kellert and Wilson, 1993), 

self-reported health (de Vries et al., 2003), and cognitive performances (Wells, 2000).Wage 

per capita and its growth rate are indicators of local economic development and the 

resources available for people to raise their welfare that may lead to higher cognitive ability.
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3. Statistical Models for Estimating Gender Differences in Cognition

We use three main specifications to analyze underlying reasons for gender difference in 

cognition among the elderly in China. Our main focus is whether personal attributes, 

community characteristics and local status of economic and environmental development 

influence cognition of older residents and whether these effects differ by gender.

Our baseline models take only personal attributes into consideration and examine the factors 

that may impact gender difference:

where Cogi is the measure of cognitive ability of person i—mental intactness or episodic 

memory. Femi is the variable of interest, which takes a value of 1 if the respondent is a 

female and 0 otherwise. Xi is a set of personal attributes variables including age minus 45 

and its squared term, urban dummy, log (Height) and socioeconomic status measured by 

education and log of household per capita expenditure (log PCE).To normalize this variable 

to have an interpretable constant term, we define in all analysis as household log PCE – 

median log PCE in the sample. Province fixed effects are controlled by αp in all the baseline 

analyses. εi is the random error term.

In our second specification shown below, community variables are included to investigate 

whether the history and economic development of local community would significantly 

influence the cognition of the elderly residents and whether the effects differ by gender:

Where Zc refers to community variables. We first add the log PCE of the community only, 

which was defined above in Section 2. We then investigate additional community variables 

to depict the historical, geographical and cultural characteristics of the community such as 

years of electricity available, years of people’s commune, mountainous region, and common 

surname. Social activity variables are also included as these activities reflect interactions of 

the respondent with other people, most likely those living in the same community. The 

definition of these community variables can be found in Section 2. The interaction terms of 

the community variables and gender dummy, Zc * Femi, are included in this model to 

examine whether men and women are impacted differently by community factors. Instead of 

province, we control for prefecture fixed effects, αpr, in the second specification. Prefectures 

are an administrative level in China between county and province.

Our third conceptual specification sheds light on how development of economy and 

environment can affect cognition of people:
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As described in Section 2 above, four measures were constructed: average prefecture annual 

growth rate of green coverage ratio from 1997 through 2003, average annual growth rate of 

wage per capita from 1996 through 2007, green coverage ratio of 1996, and wage per capita 

(thousand) of 1995. As these development measures are all at the prefecture level, we return 

to province fixed effects in this specification.

4. Empirical Findings

4.1. The Effects of Personal Attributes

Our baseline analysis for personal attributes related to both our measures of cognition— 

mental intactness and episodic memory—are presented in Table 4. The first model for each 

cognitive outcome in Columns 1 and 4 include only a quadratic in age5, and a dummy 

variable for being a woman. Not surprisingly for both cohort and life cycle aging reasons, 

both cognitive variables decrease with age at an increasing rate. The negative coefficient on 

female indicates that on average women are at a cognitive disadvantage compared to men. 

These female coefficients are quite similar in magnitude to the unadjusted differences by sex 

in Table 1.

The second model for both cognitive outcomes that adds measures of individual education 

levels is listed in columns 2 and 5 of Table 4. In these models, we add dummy variables for 

the education categories used in Table 2. We also include a full set of province dummies 

indicating the province in which the respondent lived—our first albeit very aggregate 

measure of the community in which one lived. The effects of education on both cognitive 

measures are quite dramatic as there is a continuous and large increase in cognitive ability as 

schooling levels rise. Compared to those respondents who are illiterate, those who at least 

finished high school increase their mental intactness by 3.3 units and remember 1.75 more 

words on average. Including a measure of education, increases the R2 by three fold for our 

measure of mental intactness and by more than double for episodic memory, a good 

indication of the explanatory power of education for cognitive ability.

Including our measure of education significantly also reduces the female disparity in mental 

intactness from 1.16 to 0.345. Similarly, the female cognitive deficit for episodic memory of 

0.246 is completely eliminated and we now find an advantage (statistically significant 

advantage of 0.128) for Chinese women compared to Chinese men once we compare people 

with the same education. A significant part of the Chinese female disparity in cognition is 

therefore due to their historically low levels of education compared to Chinese men. On a 

more positive note, the rapidly improving cognitive ability of Chinese women compared to 

Chinese men over time is again largely due to their improving levels of schooling compared 

to Chinese men.

The third column in Table 4 for each cognitive outcome (Columns 3 and 6) adds three 

measures to these models—urban residence, log height, and the log PCE of the household, 

our best measure of the economic resources of the household in a developing country such 

as China. Not surprisingly, those living in urban areas have statistically significantly higher 

5In all models age is defined as age −45 to ease interpretation of the trajectories implied by the age quadratic.
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cognitive ability in both mental intactness and episodic memory. Taller people also have 

higher cognitive levels which may be because that height is an indicator of better health 

resulting from better nutrition in childhood (Deaton, 2007). Higher levels of household log 

PCE also are associated with higher cognitive ability in both our cognitive measures.

The third model for each cognitive outcome (Columns 3 and 6 of Table 4) also adds chronic 

diseases, health behaviors and depression measures as these may be also correlated both 

with cognitive functioning and the female disadvantage in cognition. For chronic diseases, 

we have a set of dummy variables combining information on prevalence and treatment of 

hypertension (having hypertension and taking treatment, having hypertension but not 

treating it, with no hypertension omitted) and the same set of variables for diabetes. We also 

include a dummy variable indicating whether the respondent has had any cardiovascular 

disease. For health behaviors, we include in the model whether the respondent is a light or 

moderate smoker and whether he/she is a heavy smoker, with non-smoker as the omitted 

category. The same set of variables is included for drinking behaviors.6 The depression level 

is measured with CESD scores on a ten point scale.7

Among all these additional variables added in Columns 3 and 6 of Table 4 and the other 

model Tables that follow, only the CESD depression measure significantly affected 

cognition with depressed individuals having lower cognitive scores. To save space in the 

model tables in this paper, we only list the estimated coefficient of CESD measures together 

with the other key variables. `Including these additional personal attributes in the models 

contained in columns (3) and (4) of Table 4 further reduces the female deficit in mental 

intactness and further increases the female cognitive advantage in episodic memory.

4.2. The effects of community resources

In this subsection, we investigate aspects of community that may matter for the cognitive 

ability of their residents, both men and women. Our first community measure is the log PCE 

in the community which is calculated for each respondent as the mean of the natural log 

household PCE of all residents of the community with the exception of the particular 

respondent in question. This allows us to separate out effects of the resources directly 

available to the household (log household PCE) and the average resources of the community 

(log community PCE). In all our community models presented in this section, we also 

include a set of Prefecture dummies to control for any other unobserved geographic factors. 

Once again, Prefectures are administrative units that govern a combination of counties in 

China. There are 127 prefectures in our CHARLS data so that prefectures offer a more 

precise control for other unmeasured factors related to place of residence than the more 

aggregated Province level dummy variable does.

Our results are presented in Table 5 for our two cognition measures. For each measure, we 

present two models. In addition to our demographic and SES education variables, the first 

6Heavy smoker refers to smoker currently consuming more than about 20 cigarettes per day. Light or moderate smoker refers to 
smoker currently consuming less than 20 cigarettes per day or having smoking history but having quitted. Heavy drinker refers to 
respondent currently drinking more than twice a day. Light or moderate drinker refers to drinker currently drinking less than twice a 
day.
7The results for the full models are available upon request.
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model contains measures of log PCE both at the household and community level as 

explained above. The second model for each cognitive outcome then adds an interaction of 

being female with both Log PCE (household and community) constructs in order to assess 

whether their effects differ by sex. The second model also adds chronic diseases, health 

behaviors and CESD depression measures as discussed above.

For both cognitive outcomes, we find statistically significant effects for community and 

household log PCE, but the estimated effects of the community variant is much larger than it 

is for the household variant for both our cognitive measures. When we next examine the 

female interaction model, we find that the effects of higher level of community resources in 

improving cognition are stronger for Chinese women than for Chinese men with both our 

cognitive outcomes. In contrast, we find no evidence of a female interaction effect with 

household log PCE. These results suggest that living in a poor community was particularly 

disadvantageous for women’s adult cognition relative to those of men.

4.3. The effects of community attributes on cognition

In order to understand other possible dimensions of community level effects- the main focus 

of this paper, we next add additional community variables to the models. These results are 

contained in Table 6. The first model reported under each outcome adds the main effects of 

these new community level attributes while the second model also adds the interaction of 

these new community level attributes with being female. Once again, the second model for 

each cognitive outcome also includes diseases, health behaviors and CESD depression 

measures.

As defined above in section 2, the main effects of “any social activities,” “years of 

electricity available,” “mountainous region,” “years of commune,” and dummy variables for 

common surname are included in Columns 1 and 3 of Table 6. As expected, participating in 

social activities is positively associated with both cognitive measures in all models. When 

we separated ‘social activities’ into their sub-component parts, the two that were most 

positively associated with cognition were ‘playing Ma-jong, chess or other card games’ and 

‘other social activities’. As discussed extensively in Lei et al. (2012) using the Pilot data for 

CHARLS, this estimate reflects an association and it is not a causal estimate. Individuals 

who engage in such social activities may do so since they are more cognitively intact to 

begin with especially in the age range of the CHARLS sample. Finding good instruments to 

deal with this problem is not straightforward.

Similar to Lei et al. (2012), we ran a set of reduce-form regressions examining the 

relationship between cognition and availability of community level facilities. CHARLS 

community survey contains information on whether a village/community has certain 

facilities/organizations including basketball court, swimming pool, outside exercising 

facilities, etc. We construct an availability variable as an indicator showing whether the 

village/community has any of the facilities/organizations listed. Although not shown here, 

we see a statistically significant and positive correlation between this variable and both 

cognitive measures, consistent with the mechanism that availability of facilities may affect 

cognition through promoting social activities. This in turn implies that the correlation 

between social activity and cognition may be in part causal.
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We also included interaction of the facility availability variable and female dummy in the 

reduced-form regressions. However, this interaction term is insignificant in both regressions, 

indicating that facilities may be sort of public goods that do not differ between elderly men 

and women in the community. This is likely to be true as most of the facilities are built 

recently in the past decade when the society may have been less discriminatory, especially 

towards the elderly.

As expected, years of electricity availability significantly correlates positively with mental 

intactness, but not for episodic memory while existing length of time spent in a commune is 

negatively associated with both our cognitive measures.

Living in a mountainous region negatively correlates with mental intactness, but as 

somewhat of a puzzle does so positively for episodic memory. For common surname 

variables, the reference group is that the community has common surnames but the 

individual respondent does not have one of these surnames. Compared to that situation, the 

only significant effect is advantage of mental intactness of people in a community without 

any surname. This may indicate that those communities without any common surnames may 

be more diverse and more mobile across people and therefore do not limit their activities 

along a family tie.

With the exception of ‘social activities’ which can and do vary between the genders, the 

other community level variables in the models in Table 6 and Table 7 are common shared 

experiences of those men and women who live in these community. Therefore, for these 

variables to have differential effects on the cognitive ability of women compared to men the 

impacts of these community attributes on cognition must differ between men and women. 

With this in mind, we next added the interactions of these community variables with a 

female dummy in the regressions of Columns 2 and 5 in Table 6. The results show that 

electricity availability not only promotes mental intactness, but also shrinks the gender 

disparity in mental intactness.

4.4. The effects of economic and environmental development

The last set of models we estimate includes the two community level measures of economic 

growth and development—the growth rate of green coverage ratio 1997–2003 and the 

growth rate of wage per capita 1996–2007 while simultaneously controlling for the two 

initial level of each.

As seen from Columns 1 and 3 of Table 7, the two growth rates both positively correlate 

with mental intactness, but the associations of these two measures with episodic memory is 

opposite, positive for growth rate of green overage ratio but negative for wage growth rate 

even though the latter of which is not statistically significant. The two initial levels both 

significantly and positively correlate with the mental intactness measure. It seems that 

economic and environmental status benefit cognitive ability in mental intactness but not in 

episodic memory. These discordant results for our two cognition measures, a not uncommon 

result (Lei et al., 2012), indicate that cognition should not be viewed as a single homogenous 

concept. Columns 2 and 4 present the results adding the interaction terms of these measures 
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with female dummy. Consistent with the evidence we presented above, we do not find 

strong estimates of gender differences in these effects.

5. Conclusions

In this paper, we examined the size and determinants of gender differences in cognition 

among those 45 and over in China. We rely on an important recent data source—China 

Health and Retirement Longitudinal Study (CHARLS) 2011–12 baseline data—that is part 

of the international network of Health and Retirement Surveys (HRS) around the world. We 

find large cognitive differences to the detriment of women that are considerably larger 

within older cohorts of our sample. These cognitive disparities are considerably mitigated 

but not fully explained by large gender differences in education among these generations of 

Chinese people.

These gender differences in cognition are also concentrated within and related to the poorer 

communities in China with the gender differences being more sensitive to community level 

attributes than to family level attributes, with economic resources (measured by per capita 

expenditures) being the primary illustration of that point. In traditional poor Chinese 

communities, there are strong economic incentives to favor boys at the expense of girls not 

only in their education outcomes, but in their nutrition and eventually their adult height. We 

also find that these gender differences in cognitive ability have been steadily decreasing 

across birth cohorts as the economy of China grew rapidly. Among younger cohorts of 

young adults in China, there is no longer any gender disparity in cognitive ability perhaps 

suggesting that with continued economic development China will move toward the 

American case where cognitive skills of women are at least equal to those of men.

We also investigated the historical, geographical, and cultural characteristics of communities 

as well as levels and growth rates of economic and environmental development to 

understand how they impact cognition. Evidence is found that economic development and 

environmental improvement such as having electricity, increase in wage per capita and 

green coverage ratio generally contribute to higher cognition ability. Women benefit more 

from the fruits of development –electricity and growth of green coverage ratio are conducive 

to lessening female disadvantage in cognition. People living in communities with no 

common surnames have higher cognitive abilities, which may be due to higher mobility of 

these communities. We find that people’s commune is detrimental to both mental intactness 

and episodic memory.
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