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Purpose: We examine how adolescent free time allocation—namely, screen time and outdoor time—is associated with mental health 
and academic performance in rural China.
Methods: This paper used a large random sample of rural junior high school students in Ningxia (n = 20,375; �X age=13.22), with data 
collected from self-reported demographic questionnaires (to assess free time allocation), the Strengths and Difficulties Questionnaire 
(to assess mental health), and a standardized math test (to measure academic performance). We utilized a multivariate OLS regression 
model to examine associations between free time allocation and adolescent outcomes, controlling for individual and family 
characteristics.
Results: Our sample’s screen time and outdoor time both averaged around 1 hour. About 10% of the sample adolescents reported 
behavioral difficulties, while a similar percentage (11%) reported abnormal prosocial behaviors. Adolescents with higher levels of 
screen time (>2 hours) were 3 percentage points more likely to have higher levels of behavioral difficulties (p<0.001), indicating that 
excessive screen time was associated with worse mental health. Meanwhile, outdoor time was associated with better mental health, and 
positive correlations were observed at all levels of outdoor time (compared to no outdoor time, decreasing the likelihood of higher 
levels of behavioral difficulties by between 3 and 4 percentage points and of lower prosocial scores by between 6 and 8 percentage 
points; all p’s<0.001). For academic performance, average daily screen times of up to 1 hour and 1–2 hours were both positively 
associated with standardized math scores (0.08 SD, p<0.001; 0.07 SD, p<0.01, respectively), whereas there were no significant 
associations between outdoor time and academic performance.
Conclusion: Using a large sample size, this study was the first to examine the association between adolescent free time allocation 
with mental health and academic performance, providing initial insights into how rural Chinese adolescents can optimize their free 
time.
Keywords: adolescent outcome, free time allocation, correlational analysis, developing countries

Introduction
How adolescents spend their free time can be an important determinant of their mental health and academic outcomes.1 

Screen time (eg, watching TV, using gaming consoles, browsing the internet) and outdoor time (eg, participating in sports 
outdoors, running/walking, and playground activities) constitute two common types of free time activities for adoles-
cents. In developed countries, such as the US, recent evidence suggests that contemporary youth – including those who 
live in rural areas – are spending less time outdoors and more time using electronic media than previous generations.2 

Due to these shifts in adolescent free time allocation,3 it is crucial to determine how their engagement in these activities 
is associated with their development.
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Studies on the link between free time allocation and adolescent outcomes generally fall within one of two different 
categories. The first line of research examines how free time activities like screen time and outdoor time might be linked 
to adolescent mental health. For example, a study of adolescents in the UK found that low to moderate levels of screen 
time were associated with optimal mental health outcomes, suggesting that conservative amounts of video game time and 
social media usage can stimulate creativity, relaxation, and connectedness.4 However, another study among Canadian 
adolescents found that longer screen time can be associated with lower optimism as well as worse symptoms of anxiety 
and depression.3 In terms of outdoor time, the existing literature has suggested that outdoor play and nature-based 
experiences are linked with better adolescent mental health,5 as these experiences could decrease one’s anxiety and 
rumination.6 On the other hand, other studies did not find any significant association between access to “green space” (ie, 
natural outdoor areas) and mental wellbeing.7–9

A second line of research focuses on academic performance as an outcome of interest. Past studies have found screen 
time to be positively linked with academic performance, including one that found that college students who more 
frequently used the internet to communicate demonstrated a higher cognitive capacity than their peers.10 However, 
recreational screen time has also been linked with poorer academic performance,11 as excessive usage of social media 
can occupy an adolescent’s learning time. Meanwhile, outdoor time, or time spent engaging in physical activities 
outdoors, has generally been associated with better academic performance,6,12 as outdoor play has been suggested to 
bring a range of cognitive benefits including heightened creativity and improved attention span.13 Yet, it is possible that 
outdoor time may not always be positively linked with academic performance,14 which may especially be the case if time 
spent engaging in outdoor activities displaces the amount of time students spend studying or completing homework.

Although associations between screen time and outdoor time with adolescent mental health and academic perfor-
mance have been examined separately, research that jointly examines these two outcomes is limited. Such a study is 
essential for several reasons. First, both mental health and academic achievement are common outcomes in studies on 
adolescent development. When studies independently explore the impact of internet usage on student learning outcomes 
and adolescent mental health,15,16 there is no opportunity to compare its effects on both of these two interrelated 
outcomes. Further, an analysis of free time activities and their association with both mental health and academic 
performance offers a more comprehensive understanding of the link between free time allocation and adolescent 
development. Indeed, these two outcomes might not be associated with free time activities in the same way (ie, the 
associations may have different directions or magnitudes). Studying mental health and academic performance together in 
the same study may generate more specific insights on the impact of free time activities on adolescent development.

Another notable gap is that most extant studies in the literature only examine the association between free time 
activities and adolescent development in urban areas of developed countries and tend to overlook low- and middle- 
income country settings. Free time allocation in developing contexts, such as that of rural China, may provide unique 
insights about regional variations in adolescent outcomes. Critically, rural Chinese adolescents have a higher risk of 
mental illnesses than adolescents in most developed countries, with about 20% of the children and adolescents suffering 
from depression and 6% at risk for general anxiety.17 There is also a stark urban-rural gap in educational outcomes 
among students in China,18 with data from a nationally representative survey showing that rural youth are 2 years behind 
urban children in both math and Chinese.19 Considering that 70% of the Chinese adolescents are rural (ie, have a rural 
household registration status) and that China’s youth constitute 15% of the world’s population under 18 years old,17,20 the 
scale of these disparities is large. Thus, understanding how certain free time activities relate to the adolescent outcomes in 
the context of rural China can be an initial step toward exploring how to mitigate associated risk factors while 
strengthening protective factors for tens of millions of adolescents.

Rural China is an ideal setting to conduct this research because it has witnessed a significant rise in technology use 
among rural adolescents over the last decade, which may indicate a shift towards longer screen time and less outdoor 
time. The gap between rural and urban internet usage has steadily decreased, with 90.3% of the Chinese rural adolescents 
having access to internet services in 2019 (compared to 93.9% of the urban adolescents).21 Moreover, technology access 
is much higher in rural China than in other developing countries. For example, the smartphone ownership rate of families 
is over 63% in rural China, compared to just 13% in rural India.22 In recent years, the Chinese government has taken 
steps to address adolescent technology addiction.23 However, little is known about how much screen time is optimal 
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versus problematic for adolescent mental health and academic performance in rural areas, and there is even less 
understanding of the role of other free time activities such as outdoor time on these outcomes. Thus, there is a need 
for large-scale, empirical data to inform both the design of policy and clinical practice in rural China.

This study aims to address these shortcomings with three specific objectives. First, this paper describes the free time 
allocation of adolescents in rural China, focusing on their screen time and outdoor time. Second, it examines the 
association of screen time and outdoor time with mental health outcomes. Finally, it investigates the association of screen 
time and outdoor time with academic achievement.

Methods
Ethical Approval
Ethical approval for this study was granted by the Institutional Review Boards of Stanford University in Palo Alto, USA; 
Queen’s University Belfast in Belfast, Northern Ireland; and Sun Yat-sen University in Guangzhou, China. In addition, 
the local education bureaus and the principals of each sample school granted permission to conduct the in-school survey. 
Written informed consent was provided from at least one parent for each child participant. Student participants gave oral 
consent at the time of the survey and were allowed to withdraw from the study at any time. The Declaration of Helsinki 
was closely adhered to throughout the study.

Setting
The data for this study were collected in October 2019 in rural schools in Ningxia province, which is a relatively poor 
province located in northwestern China. Ningxia has a total population of 6.95 million people within a total area of 
66,400 square kilometers. The GDP per capita in Ningxia was approximately $9623, which was significantly lower than 
the national average of approximately $12,458.24 In addition, as of 2021, 33.9% of Ningxia’s permanent residents had 
a rural hukou (residence registration) status, which was close to the national average of 35.3%.

Sampling
A two-step protocol was used to select the sample students. First, a list of all 273 junior high schools in Ningxia was 
obtained from the provincial educational bureau. As this study focused on rural students, we excluded 122 of these 
schools because of their locations in the provincial capital city, prefectural/city seats, or other urban centers. Due to 
logistical constraints, schools with fewer than 40 students in the 7th grade were also excluded. After applying the 
exclusion criteria, we invited all 128 schools in our sample pool to participate in the study. Four schools refused to 
participate. This resulted in 124 rural junior high schools being included into the sample. Next, this study randomly chose 
a maximum of two classes in both grades 7 and 8 in every school. All students in the selected classes participated in the 
study. Altogether, our final analytical sample consisted of 20,375 students from 474 classes across 124 schools, averaging 
43 students per sample class.

Questionnaires
Students were each given an 84-item questionnaire collecting information on basic demographic information such as age, 
sex, parental education level, as well as information related to how they allocate their time outside of school. Separate 
questions were asked for time spent on these activities on weekdays and during the weekend. To assess mental health and 
wellbeing outcomes, each adolescent filled out the Strengths and Difficulties Questionnaire (SDQ). They also received 
a 35-minute standardized mathematics test to measure their academic performance.

Sociodemographic Characteristics
The demographic questionnaire included questions about a range of individual and family characteristics. These included 
adolescent age (years), sex (1=female), whether the adolescent was an only child (1=Yes), whether or not they boarded at 
school (1=Yes), whether or not their parents had divorced (1=Yes), and whether or not they received extracurricular 
tutoring (1=Yes). To collect data on family income, we asked sample adolescents whether their household owned 12 
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assets included in the National Household Income and Expenditure Survey (1 = Yes, 0 = No) and then used the data to 
generate an index of family assets. The questionnaire also asked students whether they have a computer at home (1=Yes) 
and whether they own a phone at home (1=Yes).

Free Time Activities Measures
To collect data on student time allocation, we used a self-reported multi-item questionnaire. This questionnaire was 
developed by a group of health professionals and was used in a previous trial accessing the time allocation of children in 
China.25 This questionnaire is structured chronologically and with discrete periods, which has shown a good reliability.26 

The first part is on screen time, in which the questionnaire asked respondents to report how much time they spent 
watching TV and using phones, computers, and gaming consoles on a typical day both during the school week and on the 
weekend. It is worth noting that, however, our questionnaire did not distinguish between free-time and school-related 
online activities. As we did not explore these, we included them as a limitation of this study. To obtain each student’s 
average daily time using each device, we took the weighted average of their typical duration of daily use on weekdays 
and on weekends [(typical time using the device on a weekday*5 + typical time using the device on a weekend*2) 
divided by 7]. Next, to obtain an estimate of their total average daily screen time, we added together the average daily 
time spent using each device. We then created categorical variables based on the patterns of average daily screen time 
reported by each respondent. The four categories are 1) respondents who did not spend any time on screen; 2) 
respondents with a daily average screen time of less than 1 hour; 3) respondents with a daily average screen time 
between 1 and 2 hours; and 4) respondents with a daily average screen time over 2 hours. The cut-off of 2 hr/day was 
based on recommended screen time limits by previous studies.3 The same categorical variables were created for daily 
outdoor time as well.

Outdoor time was measured in a similar fashion. Respondents were asked to report how much time they spent in 
outdoor activities. The types of outdoor activities we included in our questionnaire were meant to capture the average 
time an ordinary student spent outdoors in a normal week. These outdoor activities therefore included playing outside 
(eg, exercise, running, playing football or basketball, etc.) before and after school; being outside during recess or lunch 
break; having outdoor time during class, such as during a PE class; and having outdoor activity during a commute, such 
as walking to and back from school. Notably, we decided not to count farm work as an outdoor activity because, 
according to our data, only about 25% of our sample students reported that their parents were full-time farmers. Like our 
calculations for screen time, we first averaged each respondent’s typical daily outdoor time during the weekday and 
weekend, and we then summed up times across all these activities to obtain each adolescent’s average daily outdoor 
activity time.

Adolescent Outcomes Measures
Mental health outcomes were measured with the self-reported version of the Strengths and Difficulties Questionnaire 
(SDQ). The SDQ is a well-recognized behavioral screening questionnaire for 3- to 16-year-old children and 
adolescents.27 This questionnaire has been adapted and validated for use in China, demonstrating high levels of internal 
consistency (Cronbach’s alpha coefficient=0.927) and moderate test–retest reliability (Pearson’s correlation 
coefficient=0.719).28 The SDQ questionnaire consists of 25 items and is divided into five subscales with five items 
each: 1) emotional symptoms; 2) conduct problems; 3) hyperactivity/inattention; 4d.) peer relationship problems; and 
5e.) prosocial behaviors. These subscales include both items that asked about positive behavioral attributes (“strengths”) 
as well as those that asked negative behavioral attributes (“difficulties”). For example, item 7 (“generally obedient”) is 
one of the positive attributes under the conduct problems subscale, whereas item 18 (“often lies or cheats”) asks about 
a negative attribute. The prosocial subscale, however, only includes items that ask about positive behavioural attributes 
that involve voluntary behaviors to benefit others, as characterized by acts of kindness, empathy, compassion, and 
helping behaviors.

Each item is scored on a scale of 0 to 2 (0 = not true, 1 = somewhat true, and 2 = certainly true). The sum of the first 
four scales generates a total behavioral difficulties score ranging from 0 to 40, while the prosocial scale is not included in 
this score. The items on the difficulties subscales that ask about positive attributes are reverse scored. Each respondent’s 
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total difficulties and prosocial scores can be classified as “abnormal” according to cutoff thresholds validated for Chinese 
children.28 For the total difficulties score, a score of 19 or above is in the abnormal range. An abnormal prosocial score is 
4 or below.

Academic performance was measured with a standardized math test. The math test was designed by the research team 
with assistance from local county education bureaus in several rural counties in China to ensure coherence with the 
national curriculum. The tests were timed carefully and closely proctored by enumerators. All test scores were normal-
ized according to the distribution of scores in each grade.

Statistical Methods
The statistical methods for the paper used two basic approaches. First, we calculated the summary statistics of the 
sample, including individual and family characteristics, the screen time and outdoor time of adolescents, as well as 
adolescent mental health as measured by the SDQ. Second, we conducted a linear regression model (multivariate 
ordinary least square regression) to examine how screen and outdoor time were associated with adolescent mental health 
and academic performance while controlling for individual and family characteristics, including self-reported study time, 
sex, age, only child status, boarding status, participation in extracurricular tutoring, parental marriage status, parental 
migration, parental education level, and family asset index. All statistical analyses were performed using Stata 16.0 (Stata 
Corp, College Station, TX). Robust standard errors were calculated, adjusting for clustering by school.

Results
Descriptive Analysis
Table 1 displays the summary statistics of the sample. The mean age of the sample adolescents was around 13 years and 
slightly under half of them (48%) were female. About 7% of the sample adolescents were only children and 35% 
attended a boarding school. Adolescents with at least one parent migrating for work (partially or fully left-behind 
children) made up 35% of the sample, while adolescents with divorced parents accounted for 7% of the sample. A small 
share of the students (11%) participated in extracurricular tutoring. About 30% had a computer at home and 29% owned 
a phone.

In terms of daily time allocation, the average screen time was slightly above 1 hour per day. About 34% of the 
adolescents spent over 2 hours per day on their screens. The average outdoor time was also 1 hour per day, with 11% of 
adolescents spending over 2 hours per day. Finally, the average study time was 1.5 hours per day with 26% of the 
students studying for over 2 hours per day.

Table 1 also displays the mean SDQ total difficulties and prosocial scores among the sample, as well as the share of 
students with scores in the abnormal ranges of these subscales. The mean total difficulties score was 12.60, with 9.5% of 
the adolescents in the abnormal range (difficulties score ≥19). Additionally, the mean prosocial score of the sample was 
7.21, with 10.6% in the abnormal range (≤4).

The Association Between Free Time Activities and Adolescent Mental Health
Table 2 shows the association of screen time and outdoor time with the likelihood that adolescents have an abnormal total 
difficulties or prosocial score. Columns 1 and 2 display the unadjusted equations (not controlling for sociodemographic 
characteristics), while columns 3 and 4 display the adjusted equations (controlling for individual and family variables 
such as their gender, age, and household characteristics). All equations controlled for study time, as well as controlled for 
either screen time or outdoor time, depending on the independent variable. For example, if outdoor time was the key 
independent variable of interest, then the equations controlled for study time as well as screen time and vice versa.

According to the findings in Table 2 (Panel A), when compared to the reference group of adolescents with no screen 
time, individuals with screen times of up to 1 hour were 2.0 percentage points less likely to have an abnormal total 
difficulties score (p<0.01) and 2.8 percentage points (p<0.001) less likely to have abnormal prosocial scores (columns 1 
and 2). Individuals with screen times greater than 2 hours were 2.7 percentage points (p<0.001) more likely to have 
abnormal total difficulties scores. We did not observe a statistically significant association between abnormal SDQ scores 
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and a daily screen time of 1–2 hours. We also did not observe statistically significant associations between having 
a screen time of 1–2 hours, having a screen time of more than 2 hours, and having an abnormal prosocial score. These 
results remained consistent after adjusting for confounding factors in columns 3 and 4, though there was a slightly 
stronger positive association between screen time of over 2 hours and the prevalence of abnormal total difficulties 
(2.9 percentage points, p <0.001) than in the unadjusted equation. Appendix Table 1 (Panel A, Columns 5, 6, 7 and 8), 
which displays the results of regressions using continuous SDQ subscale measures (standardized and raw scores) as the 
outcome variable, also demonstrates that higher levels of screen time (1 hour or more) are negatively associated with 
adolescent mental health.

Table 2 (Panel B) also shows that any amount of outdoor time was associated with a lower prevalence of abnormal 
mental health among adolescents compared to the reference group with no daily outdoor time. Adolescents with an 
average daily outdoor time of up to 1 hour, 1–2 hours, and more than 2 hours were 3.6 (p<0.001), 3.4 (p<0.001), and 2.9 
(p<0.01) percentage points less likely to have an abnormal total difficulties score, respectively, indicating that the 
strength of the correlation diminished slightly as the amount of outdoor time increased. Outdoor time had a similar 
association with the prevalence of abnormal prosocial scores. Compared to the reference group of no outdoor time, an 
adolescent in our sample with an outdoor time of less than 1 hour, 1 to 2 hours, and more than 2 hours was 5.4 (p<0.001), 
6.8 (p<0.001), and 6.0 (p<0.001) percentage points less likely to have an abnormal prosocial score, respectively. These 
associations slightly increased in magnitude after adjusting for confounding factors in column 4 (5.7 percentage points, 

Table 1 Summary Statistics of Student Individual and Family 
Characteristics

Variables Value

Demographic characteristics and time allocation

Student age (years), mean (SD) 13.22 (1.08)
Female, n (%) 9572 (48.37)

Only child, n (%) 1357 (6.86)

Boarding student, n (%) 7010 (35.42)
Parents divorced, n (%) 1932 (9.76)

At least one parent migrated for work, n (%) 6904 (34.88)
Father age (years), mean (SD) 41.34 (5.31)

Father years of schooling (years), mean (SD) 7.08 (3.21)

Mother age (years), mean (SD) 38.67 (5.03)
Mother years of schooling (years), mean (SD) 5.13 (4.01)

Participate in extracurricular tutoring, n (%) 2261 (11.42)

Family asset index (standardized), mean (SD) 0.01 (1.18)
Has computer at home, n (%) 5890 (29.76)

Student owns phone, n (%) 5820 (29.41)

Student walks to school, n (%) 7399 (37.39)
Screen time, hours/day, mean (SD) 1.08 (1.18)

Outdoor time, hours/day, mean (SD) 1.00 (0.08)

Study time, hours/day, mean (SD) 1.50 (1.30)
Screen time>2h/day, n (%) 3041 (15.37)

Outdoor time>2h/day, n (%) 2196 (11.10)

Study time>2h/day, n (%) 5199 (26.27)

Adolescent outcomes

SDQ total difficulties score, mean (SD) 12.60 (4.92)
SDQ total difficulties abnormal, n (%) 1844 (9.32)

SDQ prosocial score, mean (SD) 7.21 (2.11)

SDQ prosocial, abnormal, n (%) 2081 (10.52)
Standardized values of math test scores, mean (SD) 0.00 (1.00)
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7.8 percentage points, and 7.5 percentage points, respectively; all p-values <0.001). In line with these results, Appendix 
Table 1 (Panel B, Columns 5, 6, 7 and 8) shows that there were significant associations between any amount of outdoor 
time and both lower total difficulties scores (except at the more than 2-hour threshold) as well as higher prosocial scores 
(both when using the raw and standardized score).

The Association Between Free Time Activities and Adolescent Academic Performance
Table 3 (Panel A) shows that moderate screen time (up to 2 hours per day) had a positive association with academic 
performance. Specifically, screen time of up to 1 hour per day was associated with a 9.2 percentage-point increase in 
math scores (p<0.001). Likewise, daily screen time of 1–2 hours per day was associated with a 9.7 percentage-point 
increase in the standardized math score (p < 0.01). However, no significant link was found between longer screen time 
(>2 hours per day) and academic performance. The results in the adjusted equations (column 2) were consistent with 
those in the unadjusted equations, though the magnitude of the coefficients were slightly smaller. Specifically, screen time 

Table 2 Linear Regression Results on Association Between Adolescent Mental Health and Free Time 
Activities

(1) (2) (3) (4)

Abnormal Total 

Difficulties Score

Abnormal 

Prosocial Score

Abnormal Total 

Difficulties Score

Abnormal 

Prosocial Score

Panel A
Screen time=0 Reference Reference Reference Reference

Screen time <1hr −0.020** −0.028*** −0.018** −0.026***
(0.009) (0.008) (0.009) (0.008)

Screen time 1–2hrs −0.005 −0.009 −0.003 −0.011

(0.009) (0.009) (0.009) (0.009)
Screen time >2hrs 0.027** 0.012 0.029*** 0.004

(0.011) (0.010) (0.010) (0.011)

Panel B
Outdoor time=0 Reference Reference Reference Reference

Outdoor time <1hr −0.036*** −0.054*** −0.036*** −0.057***

(0.012) (0.013) (0.012) (0.013)
Outdoor time 1–2hrs −0.034*** −0.068*** −0.035*** −0.078***

(0.012) (0.013) (0.012) (0.013)

Outdoor time >2hrs −0.029** −0.060*** −0.030** −0.075***
(0.013) (0.015) (0.012) (0.015)

Control variables
Study time=0 Reference Reference Reference Reference
Study time <1hr −0.064*** −0.112*** −0.067*** −0.105***

(0.018) (0.021) (0.018) (0.021)

Study time 1–2hrs −0.101*** −0.157*** −0.102*** −0.147***
(0.018) (0.022) (0.018) (0.022)

Study time > 2hrs −0.115*** −0.183*** −0.114*** −0.172***

(0.018) (0.021) (0.018) (0.021)
Constant 0.221*** 0.318*** 0.210*** 0.387***

(0.022) (0.024) (0.040) (0.038)

Student individual and 
family controls

No No Yes Yes

Observations 19,791 19,790 19,791 19,790

Mean of Dep. Var. 0.093 0.105 0.093 0.105

Notes: Beta estimated by OLS linear regressions. Standard errors clustered at school level are reported in parentheses. **p < 0.01, ***p 
< 0.001.
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of up to 1 hour was associated with a 7.9 percentage-point increase in math score (p<0.001), while screen time of 1–2 
hours was associated with a 7.0 percentage-point increase in math score (p<0.01).

In contrast, there was no evidence of associations between outdoor time and academic performance (Table 3 Panel B). 
Compared to the reference group with no outdoor time, any amount of outdoor time (up to 1 hour, 1–2 hours, and over 2 
hours) had no statistically significant correlation with math scores. This was the case both with and without controlling 
for other variables.

Discussion
This paper examined the prevalence of screen time and outdoor time and their associations with the mental health and 
academic performance of a sample of 20,375 junior high school students (referred to in this study as “adolescents”) in 
rural schools in Ningxia, China. Average daily screen time was slightly above 1 hour. Around 15% of the sample 
adolescents had screen times of 2 hours or more (the maximum screen time for adolescents recommended by US and 
Canadian guidelines that are often cited in the international literature).29,30 The average screen time of the sample 
adolescents was significantly lower than found in a previous study using national survey data from 2016 which found that 
a high share (39.5%) of their rural Chinese middle school sample students had average daily screen times of 2 hours or 

Table 3 Linear Regression Results on Association Between Adolescent Free Time Activities 
and Academic Performance

(1) (2)

Standardized Math Score Standardized Math Score

Panel A
Screen time=0 Reference Reference
Screen time <1hr 0.092*** 0.079***

(0.027) (0.028)

Screen time 1–2hrs 0.097*** 0.070**
(0.031) (0.030)

Screen time >2hrs 0.020 −0.015
(0.034) (0.033)

Panel B
Outdoor time=0 Reference Reference
Outdoor time <1hr 0.033 0.038

(0.037) (0.036)

Outdoor time 1–2hrs 0.050 0.065
(0.044) (0.042)

Outdoor time >2hrs 0.030 0.043

(0.048) (0.046)
Control variables
Study time=0 Reference Reference

Study time <1hr 0.425*** 0.432***
(0.044) (0.042)

Study time 1–2hrs 0.844*** 0.823***

(0.048) (0.045)
Study time > 2hrs 1.153*** 1.116***

(0.051) (0.047)

Constant −0.843*** −0.778***
(0.076) (0.160)

Student individual and family controls No Yes

Observations 19,791 19,791
Mean of Dep. Var. 0.000 0.000

Notes: Beta estimated by OLS linear regressions. Standard errors clustered at school level are reported in parenth-
eses. **p < 0.01, ***p < 0.001.
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more.31 The lower rates of screen time usage in our sample may be due their lower levels of access to technology (only 
29% of sample adolescents owned a phone, compared to 78% of rural Chinese middle school students nationwide in 
2021).32 The mean outdoor time (also 1 hour, or 60 minutes per day) among sample adolescents was also low compared 
to other studies in China and abroad. A 2013 national survey of rural adolescents found the mean outdoor time to be 103 
minutes,33 which may be due to regional differences or differences in the dates the surveys were conducted. The outdoor 
time of sample adolescents was also lower than the mean outdoor time among similarly aged adolescents in Germany 
(203 minutes) and the US (100 minutes),34,35 though these disparities may also be attributable to secular trends related to 
the year that the surveys took place.

Further, the share of sample adolescents at risk for mental health problems was relatively high compared to similarly 
aged adolescents in high-income settings, with about 9% of the sample with an abnormal total difficulties score (≥19) and 
11% with an abnormal prosocial score (≤4), compared to 5% and 4% in the US, respectively.36 The mean total difficulties 
score (12.60) was also higher than that found in a sample including both urban and rural adolescents in the northeastern 
Chinese province of Liaoning (10.96) and was on par with a rural sample in the southeastern province of Jiangxi 
(12.93).37,38 One potential reason for the relatively high share of abnormal behaviors experienced by our sample might be 
that more than a third of the adolescents were left-behind children (with no parents at home due to migration to cities for 
work) or partially left-behind children (with one parent not at home). Past literature has demonstrated that left-behind 
children – with lower levels of social support at home – are significantly more likely to be at risk of mental health 
problems than their peers.39

Screen Time and Mental Health
Our results showed a small but statistically significant positive association between screen time of up to 1 hour per day 
and a lower prevalence of SDQ scores in the abnormal range (for both the total difficulties and prosocial scores), echoing 
previous literature that found that moderate screen time can actually benefit adolescent mental health. This may 
especially be the case when the time spent is in the form of “active screen time” in which adolescents mentally or 
physically engage with digital content or when these activities are used to connect with others.40,41 For example, research 
shows that popular games such as Minecraft provide avenues for interpersonal connection and creativity, which may 
benefit mental health.4 However, we also observed a higher prevalence of abnormal total difficulties scores among 
students with screen time of more than 2 hours per day, which also aligns with past research that found that screen time 
above this threshold may be linked with increased levels of anxiety and depression symptoms among adolescents.3 This 
finding is notable in the context of the recent Chinese minor protection policies that limit children and adolescents to 
1 hour of video games on weekends and official holidays in that it presents empirical evidence to support the moderate 
use of technology among rural Chinese adolescents.23

Outdoor Time and Mental Health
While the association between screen time and mental health depended on the amount of time spent, the link 
between mental health and outdoor time was less variable. Specifically, our findings demonstrate that any amount of 
outdoor time was significantly associated with better mental health among adolescents, indicated by a lower 
prevalence of scores in the abnormal range of the SDQ total difficulties and prosocial subscales. These findings 
align with the previous literature in rural China and in other contexts like the US that highlight the benefits of 
outdoor time for adolescent mental health.5,42 Our results also align with those of one past study of adults that 
showed that moderate amounts of outdoor time (ie, several hours per week) may be just as beneficial as longer 
amounts of outdoor time.43 Considering the relatively low outdoor time of the sample adolescents and the high 
prevalence of mental health problems in rural China,17 this preliminary evidence that integrating more time outdoors 
into the daily routines of adolescents could serve as a simple and low-cost intervention for improving the mental 
health outcomes for tens of millions of students. Future research is needed to investigate associations between 
specific types of outdoor activities (outdoor play activities, sports, nature-based activities, etc) and adolescent 
mental health in rural China.33
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Screen Time and Academic Performance
Our finding that screen time of up to 2 hours per day was associated with higher standardized math scores and that 
screen time over this threshold had no significant association underscores the complex relationship between screen 
time and academic performance. A recent systematic review found no significant association between overall 
screen time and academic performance, although negative associations for certain kinds of screen time were 
identified.44 This systematic review, however, did not compare the academic performance of adolescents at 
different thresholds of screen time (no screen time, up to 1 hour, 1–2 hours, etc). Other studies have generally 
found that screen time up to a certain limit is predictive of better academic performance, while higher amounts are 
not. One study in Canada, for example, found the highest-performing students were those whose screen time was 
2–4 hours per day.45

However, just as in the case of the analysis of the association between screen time and mental health, the link between 
screen time and academic performance is likely dependent on a range of factors, such as the content accessed and context 
in which it is used. For instance, adolescents may use electronic devices to access learning resources (eg, computer 
assisted learning, digital textbooks, etc) or to engage in activities indirectly beneficial for learning (such as the potential 
of video games to improve children’s visual and spatial reasoning).46,47 In contrast, when time is spent on largely passive 
activities without educational value (such as watching certain television programs) or time is displaced from other 
activities more beneficial for a child’s development, there is potential for screen time to negatively impact academic 
performance.48 Future research will need to consider these factors when assessing the link between screen time and 
learning outcomes.

Outdoor Time and Academic Performance
The lack of a significant association between any amount of outdoor time (up to 1 hour, 1–2 hours, etc) and student 
academic performance in our study is in contrast with past research which has reported a positive link between outdoor 
activities – especially nature-based experiences – and cognitive adolescent outcomes like working memory and 
attentional control.49,50 One potential reason for this difference is that there may be other domains of cognition that 
are linked with outdoor time that cannot be adequately measured by a standardized math test, such as creativity.51 The 
generalized measurement of outdoor time in the current study may have also been a limitation, as – just like screen 
time activities – it is possible that certain outdoor activities (such as those that are unstructured and self-directed) may 
be more beneficial for a student’s academic performance than others.13 The setting of the outdoor time might also 
matter. Given Ningxia’s relatively arid, desert-like terrain, sample rural students might not have had much access to 
“green spaces” (eg, settings with tree cover, vegetation, etc), which may provide unique benefits for student adolescent 
outcomes.52

Limitations and Implications
We acknowledge that there are several limitations to our study. First, due to the cross-sectional nature of our data, we 
cannot conduct a causal analysis of the impacts of screen time and outdoor time on mental health and academic 
performance. Future studies should implement experimental designs to examine such causal relationships. Second, as 
mentioned above, it is possible that screen time and outdoor time may be linked to academic or cognitive skills that 
cannot be adequately measured by a standardized math test, and further research should incorporate a greater diversity of 
academic performance and cognitive development measures. Finally, and importantly, our study did not distinguish 
between the various forms of screen time or outdoor time. Neither did we distinguish between free-time and school- 
related online activities. Exploring how specific activities within these broader categories relate to adolescent outcomes 
differently, as well as how they may displace other activities, will be important for informing the development of 
guidelines for adolescent free time allocation in the future. In the context of China, such a research agenda would be 
especially relevant in light of recent policy efforts to restrict child and adolescent time spent on video games to an hour 
a day on holidays and weekends.23
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Conclusion
Building on past literature on the link between free time allocation and adolescent outcomes, this is the first study to use 
a large sample size from rural China to explore the prevalence of two common types of free time activities among 
adolescents (screen time and outdoor time) and their association with adolescent mental health and academic perfor-
mance. On the one hand, moderate levels of daily screen time had positive associations with both student mental health 
(for up to 1 hour of screen time) and academic performance (for up to 2 hours of screen time) compared to no screen 
time, whereas an excessive amount of screen time (more than 2 hours per day) was found to be associated with worse 
mental health and had no statistically significant relationship with student academic outcomes. On the other hand, any 
amount of outdoor time had positive associations with adolescent mental health compared to no outdoor time (though 
there was no significant association with academic performance). This study’s findings support the use of technologies in 
moderation and suggest that more efforts should be made to increase the time that adolescents spend outdoors. Future 
research should employ experimental designs to better understand the causal relationships between these variables, as 
well as explore how different forms of screen and outdoor activities are associated with adolescent outcomes.
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