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Background: Working memory is a crucial element of cognitive function. 
Previous cross-sectional studies have identified various determinants of 
working memory in children and adolescents. Nonetheless, no study has yet 
demonstrated the causal relationship of social determinants with working 
memory in adolescents.

Objective: This study explores the causal link between the level of education, 
smoking, and other factors with adolescent’s working memory.

Methods: This study analyzed secondary data from waves 4 and 5 of the Indonesia 
Family Life Survey (IFLS), utilizing cross-lagged analysis in Jamovi version 2.4.8. 
The variables included working memory score, maternal education, household 
income, stress, educational level, smoking, urbanicity, and physical activity. 
These variables were extracted from IFLS waves 4 and 5, and each dependent 
variable in IFLS wave four was controlled by the same dependent variables in 
IFLS 5. Then, we  used cross-lagged analysis to assess the causality between 
each dependent variable and a working memory score in IFLS wave 5.

Result: The findings indicate that level of education had a positive impact on 
working memory in adolescents aged 15–18 years, with a Beta value of 0.18 
(95% CI 0.81–0.2; p  <  0.001). Smoking and age were negatively associated with 
working memory, with Beta values of −0.07 (95% CI -0.65 -0.04; p  <  0.029) 
and  −  0.10 (95% CI -0.25 -0.05; p  <  0.003), respectively. No evidence was 
found for a significant correlation between poverty and adolescents’s working 
memory.

Conclusion: The findings indicate that increased education levels are associated 
with improved working memory in adolescents aged 15–18. At the same time, 
smoking has a negative impact on working memory in this age group.
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1 Introduction

1.1 Background

In developing nations, the specter of poverty continues to loom 
large, profoundly impacting the well-being and development of 
children. In response, the 2030 Agenda for Sustainable Development 
Goals (SDGs) places a marked emphasis on the mitigation of poverty, 
particularly within these countries. A notable aspect of this agenda, 
encapsulated in SDG 1, is the established correlation between 
enhanced nutrition and reduced poverty levels. The detrimental 
effects of poverty on the nutritional, health, and cognitive well-being 
of populations, especially children, have been extensively documented 
and recognized in various studies (1–3). Poverty, as a critical 
determinant of health, exerts a significant influence on the cognitive 
development of children (1).

Working memory begins to form from the age of 3–4 years, then 
reaches its peak capacity at the ages of 13–15 years. After that, the 
capacity of working memory will start to decline. The formation of 
working memory abilities starts with the development of self-
inhibition and self-regulation, which each begin to form at the ages of 
2 years and 4 years, respectively (4).

Memory is one crucial fundamental aspect of the construction of 
cognition. Memory, sensory, motor, inhibition control, processing 
speed, and attention are critical aspects for children in learning. 
Working memory is an essential part of memory (5).

Considering the importance of the role of working memory in 
cognitive function and school achievement, it is also crucial to 
understand the determinants related to working memory. In previous 
research, social determinants, including family income level, 
educational level, and place of residence, have been associated with 
child development and school achievement (6). A socioeconomic gap 
is related to language abilities, locomotor skills, cognitive abilities, 
spatial ability, and school readiness (7–9). Children living in poverty 
are suspected to experience a decrease in working memory capacity 
accompanied by an increase in allostatic load as one of the measures 
of physiological stress (10). Low family income levels can decrease the 
ability to provide essential play tools for stimulation, reducing a child’s 
working memory and cognitive abilities (11). Conversely, favorable 
socioeconomic conditions will increase and enrich stimulation and 
facilities, thus enhancing a child’s working memory capacity (12).

The impact of socioeconomic conditions on short-term memory 
remains a debatable subject. Several studies indicate no correlation 
between socioeconomic conditions and short-term memory (13–15). 
However, other research suggests otherwise, revealing that poor 
socioeconomic conditions can decrease working memory capacity (3, 
16, 17).

The two most recent systematic reviews and meta-analyses, 
one of which was limited to developing countries, yielded 
comparable outcomes. Children exhibit impaired working memory 
due to socioeconomic disadvantage (18). Meanwhile, other 
systematic reviews and meta-analyses focusing on developing 
countries have revealed an association between poverty and low 
levels of education in mothers with reduced working memory in 
children (19). The studies included were conducted cross-
sectionally to better understand and explore other factors’ impact 
on working memory. Various researchers suggest that future 
studies utilize longitudinal data and evaluate causality. The study 

specifically examines the relationship between educational level, 
smoking, and other factors and their effect on adolescents’s 
working memory.

1.2 Methods

This study entailed a secondary analysis of the 4th (2007) and 
5th (2014) waves of the Indonesian Family Life Survey (IFLS), a 
longitudinal examination tracing the evolving socio-economic and 
health dynamics within Indonesian familial structures. Initiated in 
1993, the IFLS initially encompassed a representative cohort from 
13 out of 26 provinces, encapsulating approximately 83% of 
Indonesia’s demographic expanse. The survey’s scope 
comprehensively extends to individual and family profiles, 
household dynamics, community interactions, and the utilization 
of health and educational infrastructures. The inaugural IFLS 
survey in 1993 (IFLS1) engaged participants from 7,224 
households. A subsequent iteration, IFLS2, revisited these 
respondents 4 years later. In the wake of Indonesia’s socio-economic 
turmoil in 1998, a specialized follow-up (IFLS2+) scrutinized the 
immediate repercussions on a 25% subset of the original sample. 
Ensuing surveys, IFLS3 in 2000, IFLS4 between late 2007 and early 
2008, and IFLS5 spanning late 2014 to early 2015, consistently 
re-engaged the initial households and their offshoots. The latest 
wave, IFLS5, encompassed a substantial sample of 16,204 
households and 50,148 individuals. IFLS conducts the sole survey 
that offers cross-sectional and longitudinal data in Indonesia. The 
Rand Corporation website provides publicly available data from the 
IFLS surveys.

We collected and analyzed data from two waves of datasets, 
including working memory, maternal education, household income, 
stress, inflammation, educational level, smoking, urban/non-urban 
dwelling, and physical activity. Our analysis resulted in a total of 894 
adolescents, with complete matching data for each personal ID/
PIDLINK number for IFLS waves 4 and 5.

1.2.1 Working memory
The interviewer presented a list of 10 words, and participants were 

asked to recall as many words as they could within 2 minutes. A 
dummy variable was created to capture the number of correctly 
recalled words by each participant.

1.2.2 Variables
Household income was assessed by calculating the ratio of 

expenditures on food and non-food items. We classified families as 
either poor or non-poor using a cut-off ratio of 20%. A family is 
classified as poor if their ratio of food to non-food expenditures 
exceeds 20%. Mothers’ and participants’ educational attainment was 
determined by their formal years of education. Stress levels were 
assessed utilizing a 10-question questionnaire. The questionnaire 
covered a range of topics including frequent disturbances from minor 
matters, challenges in maintaining focus, a sense of being overwhelmed 
by everyday responsibilities, experiences of fear or anxiety, sleep 
disturbances, feelings of isolation, and a decrease in motivation. 
Additionally, it inquired about the respondents’ sense of hope for the 
future and their overall level of happiness. Inflammation was assessed 
by C reactive protein (CRP) level with cutoff point 15 mg/L.
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1.2.3 Ethics
The IFLS survey and its procedures were approved by review 

boards in the US (at the Rand Corporation in Santa Monica, 
California) and in Indonesia (at Universitas Gadjah Mada in 
Yogyakarta and Universitas Indonesia in Jakarta). Every participant 
gave written consent. For adolescents in the study, this consent was 
also obtained from their family members, caregivers, or legal guardians.

1.2.4 Statistical analysis
The datasets extracted from IFLS were analyzed using Jamovi 

version 2.4.8. We performed a cross-lagged analysis in Jamovi. We set 
all variables in IFLS 5 as endogenous variables and all variables in IFLS 
4 as exogenous covariates. Then, we  set up a model in which 
exogenous covariates controlled each endogenous variable. We then 
analyzed the association between each variable and working memory 
score in IFLS 5 (Figure 1). In the parameter option, we use bootstrap 
with 10,000 bootstrap replications.

2 Results

2.1 Characteristic of demography

A total of 894 participants were identified from IFLS Wave 4 and 
IFLS Wave 5. Each participant shared the same PIDLINK, which 
ensured the same individual was followed. Demographic data 

indicates an increase in maternal and personal educational levels as 
well as household income from IFLS wave 4 (2007) to IFLS wave 5 
(2014). Conversely, an increase in smoking prevalence among 
participants was observed (see Table 1).

2.2 Outcome

Our study showed three variables significantly associated with 
working memory in adolescents aged 15–18. Specifically, a higher level 
of education had a positive association with working memory with a 
Beta score of 0.18 (95% CI 0.81–0.2; p < 0.001), while smoking had a 
negative association with working memory with a Beta score of −0.07 
(95% CI −0.63−−0.03; p = 0.03). The data suggests that household 
income is not significantly associated with adolescents’s working 
memory, as indicated by a Beta score of 0.02 (95% CI -0.15 to 0.25; 
p < 0.7). A negative association with adolescents’s working memory 
was observed with age of −0.11 (95% CI -0.25 to −0.06; p < 0.002) 
(Table 2).

The study also includes c-reactive protein (CRP) data from IFLS 
waves 4 and 5, with 224 subjects in IFLS waves 4 and 226 in IFLS 
waves 5 having CRP results. We conducted a separate analysis for CRP, 
as combining it with other independent variables significantly reduced 
the total number of subjects. In wave 4 of IFLS, two subjects and in 
wave 5, four subjects had CRP levels exceeding 15 mg/L (see Table 3). 
Our study yielded an R2 of 0.67.

FIGURE 1

Cross lagged design.
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Table 4 showed that there were no multicollinearity, all VIF score 
below 5 and no Tolerance between dependent variables, all Tolerance 
score > 0.1.

3 Discussion

The cognitive function abilities of a child are influenced by several 
factors, including memory, motor skills, sensory skills, attention, and 
processing speed (20). The presence of a disorder in any of these 
factors can cause disruptions in a child’s cognitive functions (5). The 
cognitive function of a child is important, especially for the 
achievement of academic success (6, 7). Given the critical role of 

working memory in overall memory function, as well as the important 
role of memory function in a child’s cognitive abilities, this forms the 
background for why this study was conducted.

There are several types of tests commonly used to measure the 
working memory capacity in children, including the digit span 
backward test, digit span forward test, free recall test, and N-back test. 
The free recall test is a test where a person is asked to repeat a number 
of words (nouns) that have been mentioned before. The free recall test 
is considered better in reflecting someone’s working memory capacity 
compared to the digit span test, where a person only mentions a 
sequence of numbers or letters (5, 20).

Working memory is the capacity to store and process brief or 
uncomplicated sensory inputs within a limited or specific timeframe 

TABLE 1 Sample demographic and clinical characteristics.

Variables
IFLS 4 (n  =  894) IFLS 5 (n  =  894)

Mean  ±  SD n (%) Mean  ±  SD n (%)

Sex

 Male 400 (44.74) 400 (44.74)

 Female 494 (55.26) 494 (55.26)

Age 16.35 ± 1.04 23.68 ± 1.05

Working memory 6.11 ± 2.39 5.92 ± 1.54

Mother’s educational level (years) 5.93 ± 4.14 7.44 ± 4.39

Educational level (years) 8.77 ± 1.99 11.16 ± 3.29

Stress 1.49 ± 2.39 4.97 ± 1.99

Household income

 Poor 357 (40.02) 289 (32.33)

 Non-poor 535 (59.98) 605 (62.67)

Living

 Non-urban 360 (40.27) 449 (50.22)

 Urban 534 (59.73) 445 (49.78)

Physical activity

 Yes 688 (77.74) 528 (59.06)

 No 197 (22.26) 366 (40.94)

Smoking

 Yes 112 (12.66) 288 (32.21)

 No 773 (87.34) 606 (67.79)

TABLE 2 Association between variables with adolescents’s working memory.

95% Confidence intervals

Variables Lower Upper Β Z p

Smoking −0.63 −0.03 −0.07 −2.16 0.03

Physical activity −0.25 0.22 −0.005 −0.15 0.9

Urban and Non-urban −0.12 0.3 0.03 0.86 0.4

Household income −0.15 0.25 0.02 0.46 0.7

Age −0.25 −0.06 −0.11 −3.05 0.002

Educational level 0.08 0.2 0.18 4.76 < 0.001

Mother’s educational level −0.04 0.01 −0.04 −1.08 0.3

Stress −0.06 0.02 −0.03 −0.93 0.4
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(5, 20). It is an indispensable element in the development of 
cognitive functions (6, 7). It plays a critical part in a child’s learning 
activities within a classroom setting (8), including the capability to 
memorize, follow instructions, and solve problems (9, 10). Working 
memory plays a vital role in mathematics, requiring individuals to 
mentally remember numbers and their combinations (8). In 
language abilities, working memory is instrumental in reading, 
using appropriate language, and formulating sentences that reflect 
one’s thoughts (11, 12). Therefore, it can be concluded that working 
memory is essential in supporting a child’s academic performance 
(21, 22).

This study is the first to identify the determinants of 
adolescent’s working memory using longitudinal data. By cross-
analyzing data extracted longitudinally, separated over the course 
of 7 years, several determinants that imply causation toward the 
adolescent’s working memory were identified. Robust subject 
eligibility ensured reliable results. Many previous studies have 
been conducted cross-sectionally, highlighting the need for 
greater consistency in determining factors.

Memory is one crucial fundamental aspect of the construction of 
cognition. Memory, sensory, motor, inhibition control, processing 
speed, and attention are critical aspects for adolescents in learning. 
Working memory is an essential part of memory (23).

This study found a positive association between adolescent’s 
working memory and household income with educational level. 
However, there was no association with the mother’s educational level. 
From our hypothesis, the government’s program on Wajib Belajar 9 
Tahun (9 years of mandatory schooling) implemented in 1994 may 
have contributed to this phenomenon (24). The program aimed to 
ensure every child completes at least 9 years of school or at least junior 
high school for free (24). To comply with the President’s mandate, the 
government constructed numerous elementary and junior high 
schools in all districts and sub-districts throughout Indonesia. This 
policy enabled every child in Indonesia, regardless of their family’s 
financial status, to attend and complete their junior high education 
free of charge. The 9-year compulsory education law applied to all 
children, even those whose parents opposed education (24). This 
9 years of mandatory schooling program was also free, so this explain 
why poverty was not had any association with education level in 
this study.

Many parents have various reasons for not valuing education, 
such as encouraging their children to work to support the family or to 
marry at a young age. Nonetheless, Wajib Belajar 9 Tahun mandates 
school attendance for all children in Indonesia. In our study, 
household income and maternal education did not correlate with 
children’s educational attainment or working memory. However, 
individuals can improve their working memory through training, and 
school is one of the ways to do so (25, 26). Working memory is a 
crucial cognitive function that plays a significant role in classroom 
activities and academic achievement. Participating in educational 
activities during classroom attendance can improve pre-adolescent 
children’s cognitive health and short-term memory performance. 
Optimizing the effectiveness of the fronto-parietal network in 
supporting working memory requires stimulating children through 
educational activities. Social interaction during elementary school has 
an impact on children’s brain development. Based on research 
conducted by Kamijo et  al., the impact of social interaction on 
elementary school children is comparably less than that of adults. As 
a result, brain activity can be enhanced for individuals with a higher 
level of education (25).

Smoking was found to negatively affect children’s working 
memory in this study, which aligns with previous research. Pre-frontal 
cortex was identified as one of the most important area for working 
memory (27, 28). Smoking children showed not only a smaller 
prefrontal cortex but also less volume across temporal, parietal and 
frontal compared to non-smoking children (27). Other study stated, 
during adolescent when prefrontal cortex has not completed its 
maturation, exposure of nicotine will be more vulnerable and will 
affect the working memory process (28). In this study, smoking 
prevalence was quiet high. Data in IFLS wave 4, when subject age were 
15–18 years old, total children who were smoke were 12.6%, which 5% 
of the start to smoke below 10 years old.

Previous research has consistently demonstrated significant 
improvement in working memory for adolescents aged 15–18, with a 
subsequent decline around ages 23–25. Previous research has shown 
that short-term memory development typically occurs between the 
ages of 4 and 6 and progressively increases until adolescence, 
specifically between the ages of 15 and 18 (21). Memory maturation 
is believed to occur during the middle years of childhood and is 
followed by a plateau phase, with declines typically observed in later 
adulthood and old age. This could be attributed to the developmental 

TABLE 3 CRP level.

CRP level IFLS wave 4 IFLS wave 5

High 2 6

Normal 222 220

Total 224 226

Spearman Rho 0.02 0.05

TABLE 4 VIF and tolerance test.

Variables VIF Tolerance

Educational level* 2.89 0.346

Mother’s educational level* 1.88 0.531

Smoking* 1.78 0.562

Physical activity* 1.02 0.978

Stress* 1.04 0.966

Urban and Non-urban* 2.15 0.465

Household income* 1.06 0.939

Age* 4.15 0.241

Educational level ** 2.92 0.342

Mother’s educational level ** 1.92 0.520

Smoking** 1.51 0.660

Physical activity ** 1.03 0.975

Stress** 1.08 0.926

Urban and Non-urban** 2.22 0.451

Household income ** 1.10 0.911

Age** 4.07 0.245

*IFLS wave 5.
**IFLS wave 4.
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changes in the prefrontal cortex. Disruptions in the prefrontal cortex 
can impair attention, memory-related control functions, and 
organization (4).

The study’s unique methodology of cross-lagged analysis from 
longitudinal data strengthens associations between variables and 
identifies causality, providing more convincing results than previous 
research. Secondly, the inclusion of a substantial sample size consisting 
of 894 adolescents increases the reliability and strength of the study.

Nevertheless, this research has limitations since it only considers 
certain variables identified as determinants of working memory in 
adolescents in previous studies. Therefore, the researchers recommend 
conducting additional studies that include additional variables to gain 
a more comprehensive understanding of the factors that influence 
working memory in adolescents.

Data availability statement

The original contributions presented in the study are included in 
the article/supplementary material, further inquiries can be directed 
to the corresponding author.

Ethics statement

The IFLS survey and its procedures were approved by review boards 
in the US (at the Rand Corporation in Santa Monica, California) and in 
Indonesia (at Universitas Gadjah Mada in Yogyakarta and Universitas 
Indonesia in Jakarta). Every participant gave written informed consent 
to participate. For children in the study, this consent was also obtained 
from their family members, caregivers, or legal guardians.

Author contributions

HN: Conceptualization, Investigation, Writing – original draft. 
HS: Conceptualization, Supervision, Writing – review & editing. HH: 
Validation, Writing – review & editing. MH: Data curation, Formal 
analysis, Writing – review & editing. AP: Validation, Writing – review 
& editing.

Funding

The author(s) declare that no financial support was  
received for the research, authorship, and/or publication of 
this article.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

References
 1. Guo G, Harris KM. The mechanisms mediating the effects of poverty on children’s. 

Demography. (2000) 37:431–47. doi: 10.1353/dem.2000.0005

 2. Evans GW, Schamberg MA. Childhood poverty, chronic stress, and adult working 
memory. Proc Natl Acad Sci USA. (2009) 106:6545–9. doi: 10.1073/pnas.0811910106

 3. Farah MJ, Shera DM, Savage JH, Betancourt L, Giannetta JM, Brodsky NL, et al. 
Childhood poverty: specific associations with neurocognitive development. Brain Res. 
(2006) 1110:166–74. doi: 10.1016/j.brainres.2006.06.072

 4. Fandakova Y, Sander MC, Werkle-Bergner M, Shing YL. Age differences in short-
term memory binding are related to working memory performance across the lifespan. 
Psychol Aging. (2014) 29:140–9. doi: 10.1037/a0035347

 5. Cowan N. The many faces of working memory and short-term storage. Psych Bull 
Rev. (2017) 24:1158–70. doi: 10.3758/s13423-016-1191-6

 6. Anderson P. Assessment and development of executive function (EF) during 
childhood. Child Neuropsychol. (2002) 8:71–82. doi: 10.1076/chin.8.2.71.8724

 7. Diamond A, Lee K. Martial arts research: weak evidence—response. Science. (2011) 
334:311. doi: 10.1126/science.334.6054.311-a

 8. Gathercole SE. Working memory and learning: a practical guide for teachers. 
Thousand Oaks: Sage (2008).

 9. Waterman AH, Atkinson AL, Aslam SS, Holmes J, Jaroslawska A, Allen RJ. Do 
actions speak louder than words? Examining children’s ability to follow instructions. 
Mem Cogn. (2017) 45:877–90. doi: 10.3758/s13421-017-0702-7

 10. Allen RJ, Waterman AH. How does enactment affect the ability to follow 
instructions in working memory? Mem Cogn. (2015) 43:555–61. doi: 10.3758/
s13421-014-0481-3

 11. Cowan N. Working memory underpins cognitive development, learning, and 
education. Educ Psychol Rev. (2014) 26:197–223. doi: 10.1007/s10648-013-9246-y

 12. Alloway TP, Copello E. Working memory: the what, the why, and the how. Aust 
Educ Dev Psychol. (2013) 30:105–18. doi: 10.1017/edp.2013.13

 13. Engel PMJ, Santos FH, Gathercole SE. Are working memory measures free of 
socioeconomic influence? J Speech Lang Hear Res. (2008) 51:1580–7. doi: 10.1044/ 
1092-4388(2008/07-0210)

 14. Vandenbroucke L, Verschueren K, Ceulemans E, De Smedt B, De Roover K, 
Baeyens D. Family demographic profiles and their relationship with the quality of 
executive functioning subcomponents in kindergarten. Br J Dev Psychol. (2016) 
34:226–44. doi: 10.1111/bjdp.12127

 15. Wiebe SA, Espy KA, Charak D. Using confirmatory factor analysis to understand 
executive control in preschool children: I. Latent structure. Dev Psychol. (2008) 
44:575–87. doi: 10.1037/0012-1649.44.2.575

 16. Hackman DA, Betancourt LM, Gallop R, Romer D, Brodsky NL, Hurt H, et al. 
Mapping the trajectory of socioeconomic disparity in working memory: parental and 
neighborhood factors. Child Dev. (2014) 85:1433–45. doi: 10.1111/cdev.12242

 17. Lawson GM, Farah MJ. Executive function as a mediator between SES and 
academic achievement throughout childhood. Int J Behav Dev. (2017) 41:94–104. doi: 
10.1177/0165025415603489

 18. Mooney KE, Prady SL, Barker MM, Pickett KE, Waterman AH. The association 
between socioeconomic disadvantage and children’s working memory abilities: a 
systematic review and meta-analysis. PLoS One. (2021) 16:e0260788. doi: 10.1371/
journal.pone.0260788

 19. Nugroho HW, Salimo H, Hartono H, Hakim MA, Probandari A. Association 
between poverty and children’s working memory abilities in developing countries: a 
systematic review and meta-analysis. Front Nutr. (2023) 10:1067626. doi: 10.3389/
fnut.2023.1067626

 20. Baddeley A. Working memory. Curr Biol. (2010) 20:R136–40. doi: 10.1016/j.
cub.2009.12.014

 21. Gathercole SE, Pickering SJ, Knight C, Stegmann Z. Working memory skills and 
educational attainment: evidence from national curriculum assessments at 7 and 14 
years of age. Appl Cogn Psychol. (2004) 18:1–16. doi: 10.1002/acp.934

https://doi.org/10.3389/fpubh.2024.1341501
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1353/dem.2000.0005
https://doi.org/10.1073/pnas.0811910106
https://doi.org/10.1016/j.brainres.2006.06.072
https://doi.org/10.1037/a0035347
https://doi.org/10.3758/s13423-016-1191-6
https://doi.org/10.1076/chin.8.2.71.8724
https://doi.org/10.1126/science.334.6054.311-a
https://doi.org/10.3758/s13421-017-0702-7
https://doi.org/10.3758/s13421-014-0481-3
https://doi.org/10.3758/s13421-014-0481-3
https://doi.org/10.1007/s10648-013-9246-y
https://doi.org/10.1017/edp.2013.13
https://doi.org/10.1044/1092-4388(2008/07-0210)
https://doi.org/10.1044/1092-4388(2008/07-0210)
https://doi.org/10.1111/bjdp.12127
https://doi.org/10.1037/0012-1649.44.2.575
https://doi.org/10.1111/cdev.12242
https://doi.org/10.1177/0165025415603489
https://doi.org/10.1371/journal.pone.0260788
https://doi.org/10.1371/journal.pone.0260788
https://doi.org/10.3389/fnut.2023.1067626
https://doi.org/10.3389/fnut.2023.1067626
https://doi.org/10.1016/j.cub.2009.12.014
https://doi.org/10.1016/j.cub.2009.12.014
https://doi.org/10.1002/acp.934


Nugroho et al. 10.3389/fpubh.2024.1341501

Frontiers in Public Health 07 frontiersin.org

 22. Holmes J, Adams JW. Working memory and children’s mathematical skills: 
implications for mathematical development and mathematics curricula. Educ Psychol. 
(2006) 26:339–66. doi: 10.1080/01443410500341056

 23. Amso D, Lynn A. Distinctive mechanisms of adversity and socioeconomic inequality 
in child development: a review and recommendations for evidence-based policy. Policy 
Insights from Behav Brain Sci. (2017) 4:139–46. doi: 10.1177/2372732217721933

 24. Sari DW, Khoiri Q. Pendidikan untuk Semua: Studi pada Kebijakan Wajib Belajar 
9 Tahun. J Educ. (2023) 5:9441–50. doi: 10.31004/joe.v5i3.1757

 25. Kamijo K, Pontifex MB, O’Leary KC, Scudder MR, Wu CT, Castelli DM, et al. The 
effects of an afterschool physical activity program on working memory in preadolescent 
children. Dev Sci. (2011) 14:1046–58. doi: 10.1111/j.1467-7687.2011.01054.x

 26. Batool T, Habiba U, Saeed A. The relationship between students’ working memory 
capacity and mathematical performance at secondary school level IR of students’ 
working memory capacity with mathematical performance at SSL 178. Bull Educ Res. 
(2019) 41:177–92.

 27. Dai HD, Doucet GE, Wang Y, Puga T, Samson K, Xiao P, et al. Longitudinal 
assessments of neurocognitive performance and brain structure associated with 
initiation of tobacco use in children, 2016 to 2021. JAMA Netw Open. (2022) 5:E2225991. 
doi: 10.1001/jamanetworkopen.2022.25991

 28. Goriounova NA, Mansvelder HD. Short- and long-term consequences of nicotine 
exposure during adolescence for prefrontal cortex neuronal network function. Cold 
Spring Harb Perspect Med. (2012) 2:a012120. doi: 10.1101/cshperspect.a012120

https://doi.org/10.3389/fpubh.2024.1341501
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1080/01443410500341056
https://doi.org/10.1177/2372732217721933
https://doi.org/10.31004/joe.v5i3.1757
https://doi.org/10.1111/j.1467-7687.2011.01054.x
https://doi.org/10.1001/jamanetworkopen.2022.25991
https://doi.org/10.1101/cshperspect.a012120

	Association between poverty, low educational level and smoking with adolescent’s working memory: cross lagged analysis from longitudinal data
	1 Introduction
	1.1 Background
	1.2 Methods
	1.2.1 Working memory
	1.2.2 Variables
	1.2.3 Ethics
	1.2.4 Statistical analysis

	2 Results
	2.1 Characteristic of demography
	2.2 Outcome

	3 Discussion
	Data availability statement
	Ethics statement
	Author contributions

	References

