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Abstract

Background:  Associations  between  cardiorespiratory  fitness  (CRF),  screen  time,

psychological  well-being,  executive  functions,  and  academic  achievement  have

been reported, however, few studies have analysed models considering the effect of

all these variables on academic achievement. This study aims to analyse the direct

and  indirect  associations  of  mothers’  education  level,  CRF,  screen  time,

psychological  well-being,  executive  functions,  with  academic  achievement  in

schoolchildren, by sex. Methods: This was a cross-sectional analysis of MOVI-daFit!

study  including  519  schoolchildren  (49.52%  girls)  aged  9–11  years  old.  Executive

functions were assessed with the NIH Toolbox, CRF with the 20-m shuttle run test,

academic  achievement  through  the  final  academic  grades  in  language  and

mathematics  and  mother’s  education  level,  screen  time  and  well-being  by

questionnaires.  Results:  Structural  equation  modelling  revealed  that  in  boys

cognitive  flexibility  had  a  significant  direct  effect  on  academic  achievement  and

screen  time  a  total  significant  effect  on  academic  achievement.  In  girls,  CRF  was

associated with inhibition and psychological well-being, and this was associated with

academic  achievement.  Conclusions:  Physiological,  psychological,  and  behavioural

variables act together to impact academic achievement, and that differences by sex

might  exist.  Thus,  strategies  to  enhance  academic  achievement  in  schoolchildren

should  consider  psychological  well-being,  CRF,  screen  time,  and  sex  differences.

Impact:  Physiological,  psychological,  and  behavioural  variables,  such  as

cardiorespiratory  fitness,  screen  time,  psychological  well-being,  and  cognition  all

together  have  an  impact  on  academic  achievement,  with  differences  by  sex.

Previous  studies  have  demonstrated  the  separate  effect  of  these  variables,
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however, to date, this is the first study that analyses all together in the same model

their  impact  on  academic  achievement,  by  sex.  This  study  shows  that  in  boys

cognitive  flexibility  and  screen  time  impact  academic  achievement.  In  girls,

cardiorespiratory fitness is highly associated with psychological well-being, and this,

in  turn,  was  associated  with  academic  achievement.  ©  The  Author(s),  under

exclusive licence to the International Pediatric Research Foundation, Inc 2024.

Authors

Visier-Alfonso  M.E.;  Ros-Segura  L.;  Sánchez-López  M.;  Jiménez-López  E.;

Martínez-Vizcaíno V.

Author full names

Visier-Alfonso,  María  Eugenia  (57208328815);  Ros-Segura,  Laura  (35280505100);

Sánchez-López,  Mairena  (24077298400);  Jiménez-López,  Estela  (57193238919);

Martínez-Vizcaíno, Vicente (6602160941)

Author(s) ID

57208328815; 35280505100; 24077298400; 57193238919; 6602160941

Year

2024

Direct and indirect effects of physiological, psychological and cognitive variables on academic achievement in children

Página 2



Source title

Pediatric Research

DOI

10.1038/s41390-024-03322-0

Link

https://www.scopus.com/inward/record.uri?eid=2-s2.0-85197412637&doi=10.1038

%2fs41390-024-03322-0&partnerID=40&md5=8762eacf732f3d7a28c4335547df60a

8

Affiliations

Faculty  of  Nursing,  Universidad  de  Castilla-La  Mancha,  Camino  de  Nohales  4,

Cuenca,  16002,  Spain;  Universidad  de  Castilla-La  Mancha,  Health  and  Social

Research  Center,  Camino  de  Pozuelo,  Cuenca,  16071,  Spain;  Department  of

Psychology,  Universidad  de  Castilla-La  Mancha,  C/  Almansa  14,  Albacete,  02008,

Spain;  Universidad  de  Castilla-La  Mancha,  School  of  Education,  C/  Altagracia  50,

Ciudad  Real,  13001,  Spain;  Faculty  of  Medicine,  Universidad  Autónoma  de  Chile,

Cinco Pte. N°1670 Talca, Maule, Chile

Authors with affiliations

Visier-Alfonso  M.E.,  Faculty  of  Nursing,  Universidad  de  Castilla-La  Mancha,  Camino

de Nohales 4, Cuenca, 16002, Spain, Universidad de Castilla-La Mancha, Health and

Direct and indirect effects of physiological, psychological and cognitive variables on academic achievement in children

Página 3



Social  Research Center,  Camino de Pozuelo,  Cuenca,  16071,  Spain,  Department of

Psychology,  Universidad  de  Castilla-La  Mancha,  C/  Almansa  14,  Albacete,  02008,

Spain; Ros-Segura L., Department of Psychology, Universidad de Castilla-La Mancha,

C/  Almansa  14,  Albacete,  02008,  Spain;  Sánchez-López  M.,  Universidad  de

Castilla-La Mancha, Health and Social Research Center, Camino de Pozuelo, Cuenca,

16071, Spain, Universidad de Castilla-La Mancha, School of Education, C/ Altagracia

50, Ciudad Real, 13001, Spain; Jiménez-López E., Faculty of Nursing, Universidad de

Castilla-La  Mancha,  Camino  de  Nohales  4,  Cuenca,  16002,  Spain,  Universidad  de

Castilla-La Mancha, Health and Social Research Center, Camino de Pozuelo, Cuenca,

16071,  Spain;  Martínez-Vizcaíno  V.,  Faculty  of  Nursing,  Universidad  de  Castilla-La

Mancha,  Camino  de  Nohales  4,  Cuenca,  16002,  Spain,  Universidad  de  Castilla-La

Mancha,  Health  and  Social  Research  Center,  Camino  de  Pozuelo,  Cuenca,  16071,

Spain,  Faculty  of  Medicine,  Universidad  Autónoma  de  Chile,  Cinco  Pte.  N°1670

Talca, Maule, Chile

Funding Details

Ministry  of  Economy  and  Competitiveness-Carlos  III  Health  Institute;  FEDER,  (FIS

PI19/01919, RD12/0005/0009)

Funding Texts

This work was supported by the Ministry of Economy and Competitiveness-Carlos III

Health  Institute  and  FEDER  funds  [grant  number  FIS  PI19/01919];  the  Research

Network  on  Preventative  Activities  and  Health  Promotion  [grant  number

RD12/0005/0009].  The  study  sponsor  has  no  role  in  the  study  design,  data

collection, analysis, or interpretation. 

Direct and indirect effects of physiological, psychological and cognitive variables on academic achievement in children

Página 4



References

Le-Scherban F., Diez-Roux A.V., Li Y., Morgenstern H., Does academic achievement

during  childhood  and  adolescence  benefit  later  health?,  Ann.  Epidemiol,  24,  pp.

344-355,  (2014);  French  M.T.,  Homer  J.F.,  Popovici  I.,  Robins  P.K.,  What  you  do  in

high  school  matters:  high  school  GPA,  educational  attainment,  and  labor  market

earnings  as  a  young adult,  East.  Econ.  J,  41,  pp.  370-386,  (2015);  Steinmayr  S.R.,

Meibner  A.,  Wirthwein  L.,  Academic  Achievement  (Oxford  Bibliographies,  (2014);

Ruiz J.R., Et al., Cardiorespiratory fitness cut points to avoid cardiovascular disease

risk  in  children  and  adolescents;  what  level  of  fitness  should  raise  a  red  flag?  A

systematic review and meta-analysis, Br. J. Sports Med, 50, pp. 1451-1458, (2016);

Alvarez-Bueno  C.,  Et  al.,  Aerobic  fitness  and  academic  achievement:  a  systematic

review and  meta-analysis,  J.  Sports  Sci,  38,  pp.  582-589,  (2020);  Aubert  S.,  Et  al.,

Global matrix 3.0 physical activity report card grades for children and youth: results

and  analysis  from  49  countries,  J.  Phys.  Act.  Health,  15,  pp.  S251-S273,  (2018);

Hillman  C.H.,  Erickson  K.I.,  Kramer  A.F.,  Be  smart,  exercise  your  heart:  exercise

effects  on  brain  and  cognition,  Nat.  Rev.  Neurosci,  9,  pp.  58-65,  (2008);

Visier-Alfonso  M.E.,  Et  al.,  Executive  functions  mediate  the  relationship  between

cardiorespiratory fitness and academic achievement in Spanish schoolchildren aged

8 to 11 years, PLoS One, 15, (2020); Lubans D., Et al., Physical activity for cognitive

and  mental  health  in  youth:  a  systematic  review  of  mechanisms,  Pediatrics,  138,

(2016); Visier-Alfonso M.E., Et al., Mediators between physical activity and academic

achievement:  a  systematic  review,  Scand.  J.  Med.  Sci.  Sports,  32,  pp.  452-464,

(2022);  Saunders  T.J.,  Vallance  J.K.,  Screen  time  and  health  indicators  among

children and youth: current evidence, limitations and future directions, Appl. Health

Econ. Health Policy, 15, pp. 323-331, (2017); Neophytou E., Manwell L.A., Eikelboom

R.,  Effects  of  excessive  screen  time  on  neurodevelopment,  learning,  memory,

mental health, and neurodegeneration: a scoping review, Int. J. Ment. Health Addic,

Direct and indirect effects of physiological, psychological and cognitive variables on academic achievement in children

Página 5



19,  pp.  724-744,  (2021);  Garcia-Hermoso  A.,  Marina  R.,  Relationship  of  weight

status, physical activity and screen time with academic achievement in adolescents,

Obes. Res Clin.  Pract,  11, pp. 44-50, (2017);  Korcz A.,  Et al.,  Associations between

physical  activity,  screen  time,  sleep  time  and  selected  academic  skills  in

8/9-year-old children, BMC Public Health, 23, (2023); Morita N., Et al., Relationships

among  fitness,  obesity,  screen  time  and  academic  achievement  in  Japanese

adolescents,  Physiol.  Behav,  163,  pp.  161-166,  (2016);  Poulain  T.,  Et  al.,

Cross-sectional  and  longitudinal  associations  of  screen  time  and  physical  activity

with school performance at different types of secondary school, BMC Public Health,

18,  (2018);  Aguilar  M.M.,  Et  al.,  Screen  time  impairs  the  relationship  between

physical  fitness  and  academic  attainment  in  children,  J.  Pediatr,  91,  pp.  339-345,

(2015); Horowitz-Kraus T., Hutton J.S., Brain connectivity in children is increased by

the  time  they  spend  reading  books  and  decreased  by  the  length  of  exposure  to

screen-based media, Acta Paediatr, 107, pp. 685-693, (2018); Kostyrka-Allchorne K.,

Cooper  N.R.,  Simpson  A.,  The  relationship  between  television  exposure  and

children’s  cognition  and  behaviour:  a  systematic  review,  Dev.  Rev,  44,  pp.  19-58,

(2017); Cartanya-Hueso A., Et al., Association between leisure screen time and junk

food intake in a nationwide representative sample of Spanish children (1-14 Years):

a cross-sectional study, Healthcare, 9, (2021); Sirin S.R., Socioeconomic status and

academic achievement: a meta-analytic review of research, Rev. Educ. Res, 75, pp.

417-453,  (2005);  Reina-Gutierrez  S.,  Et  al.,  Maternal  education  and  academic

achievement in schoolchildren: the role of cardiorespiratory fitness, J.  Pediatr, 232,

pp.  109-117.e1,  (2021);  Craig  L.,  Does  father  care  mean  fathers  share?  A

comparison of how mothers and fathers in intact families spend time with children,

Gend.  Soc,  20,  pp.  259-281,  (2006);  Poulton  R.,  Et  al.,  Association  between

children’s experience of socioeconomic disadvantage and adult health: a life-course

study, Lancet, 360, pp. 1640-1645, (2002); Reynolds M.R., Et al., Gender differences

in  academic  achievement:  is  writing  an  exception  to  the  gender  similarities

Direct and indirect effects of physiological, psychological and cognitive variables on academic achievement in children

Página 6



hypothesis?,  J.  Genet.  Psychol,  176,  pp.  211-234,  (2015);  .  Variations  in

accelerometry  measured  physical  activity  and  sedentary  time  across

Europe—harmonized  analyses  of  47,497  children  and  adolescents,  Int.  J.  Behav.

Nutr.  Phys.  Act.,  17,  pp.  1-14,  (2020);  Matud  M.P.,  Lopez-Curbelo  M.,  Fortes  D.,

Gender and psychological well-being, Int. J. Environ. Res. Public. Health, 16, (2019);

Adelantado-Renau  M.,  Et  al.,  Independent  and  combined  influence  of  healthy

lifestyle  factors  on  academic  performance  in  adolescents:  DADOS  study,  Pediatr.

Res,  85,  pp.  456-462,  (2019);  Aadland  K.N.,  Et  al.,  Executive  function,  behavioral

self-regulation,  and  school-related  well-being  did  not  mediate  the  effect  of

school-based physical activity on academic performance in numeracy in 10-year-old

children,  The  Active  Smarter  Kids  (ASK)  Study.,  9,  (2018);  Fanxing  K.,  Et  al.,

Relationships  between  physical  activity,  sleep,  and  screen  time  with  academic

performance and psychological functioning among US children and adolescents with

depression,  Complement.  Ther.  Clin.  Pract,  53,  (2023);  Martinez-Vizcaino V.,  Et  al.,

MOVI-daFIT!  Intervention:  rationale  and  design  of  a  cluster  randomized  controlled

trial  testing  the  effects  on  improving  adiposity,  cognition,  and  subclinical

atherosclerosis  by  increasing  cardiorespiratory  fitness  in  children,  Med.  (Baltim.),

98,  (2019);  Zelazo  P.D.,  Et  al.,  II.  NIH  Toolbox  cognition  battery  (CB):  measuring

executive function and attention: NIH Toolbox cognition battery (CB), Monogr. Soc.

Res.  Child.  Dev,  78,  pp.  16-33,  (2013);  Ravens-Sieberer  U.,  Et  al.,  Quality  of  life  in

children and adolescents: a European public health perspective, Soz. Praventivmed,

46, pp. 294-302, (2001); Domingo-Salvany A., Et al., Una propuesta de medida de la

clase  social,  Aten.  Primaria,  25,  pp.  350-363,  (2000);  Hayes  A.F.,  Introduction  to

Mediation,  Moderation,  and  Conditional  Process  Analysis,  A  Regression-Based

Approach.  2Nd  Edn,  (2017);  Ishihara  T.,  Et  al.,  Direct  and  indirect  relationships  of

physical  fitness,  weight  status,  and  learning  duration  to  academic  performance  in

Japanese school children, Eur. J. Sport. Sci, 18, pp. 286-294, (2018); Pindus D.M., Et

al.,  The  relationship  of  moderate-to-vigorous  physical  activity  to  cognitive

Direct and indirect effects of physiological, psychological and cognitive variables on academic achievement in children

Página 7



processing in adolescents: findings from the ALSPAC birth cohort, Psychol. Res, 79,

pp.  715-728,  (2015);  Dubuc  M.M.,  Aubertin-Leheudre  M.,  Karelis  A.D.,  Gender

differences in academic performance of high school students: the relationship with

cardiorespiratory fitness, muscle endurance, and test anxiety, Int. J. Prev. Med, 11,

(2020);  Cortes  A.,  Moyano  N.,  Quilez  A.,  The  relationship  between  executive

functions  and  academic  performance  in  primary  education:  Review  and

meta-analysis,  Front.  Psychol.,  10,  (2019);  Best  J.R.,  Effects  of  physical  activity  on

children’s  executive  function:  contributions  of  experimental  research  on  aerobic

exercise, Dev. Rev, 30, pp. 331-551, (2010); Luciana M., Nelson C.A., The functional

emergence of prefrontally-guided working memory systems in four-to eight-year-old

children,  Neuropsychologia,  36,  pp.  273-293,  (1998);  Gaillard  A.,  Fehring  D.J.,

Rossell S.L., Sex differences in executive control: a systematic review of functional

neuroimaging studies, Eur. J. Neurosci, 53, pp. 2592-2611, (2021); Bortes C., Et al.,

The  bidirectional  relationship  between  subjective  well-being  and  academic

achievement in adolescence, J. Youth Adolesc, 50, pp. 992-1002, (2021); Herrmann

J.,  Koeppen K.,  Kessels  U.,  Do girls  take school  too seriously?  Investigating gender

differences  in  school  burnout  from  a  self-worth  perspective,  Learn.  Individ.  Differ,

69,  pp.  150-161,  (2019);  Bucker  S.,  Et  al.,  Subjective  well-being  and  academic

achievement:  a  meta-analysis,  J.  Res.  Pers,  74,  pp.  83-94,  (2018);  Chen W.,  Et  al.,

Association  of  cardiorespiratory  fitness  and  cognitive  function  with  psychological

well-being  in  school-aged  children,  Int.  J.  Environ.  Res.  Public  Health,  19,  (2022);

Bermejo-Cantarero  A.,  Et  al.,  Relationship  between  both  cardiorespiratory  and

muscular  fitness  and  health-related  quality  of  life  in  children  and  adolescents:  a

systematic  review  and  meta-analysis  of  observational  studies,  Health  Qual.  Life

Outcomes, 19, (2021); Kandola A., Et al.,  Physical activity and depression: towards

understanding  the  antidepressant  mechanisms  of  physical  activity,  Neurosci.

Biobehav. Rev, 107, pp. 525-539, (2019); Belcher B.R., Et al.,  The roles of physical

activity, exercise, and fitness in promoting resilience during adolescence: effects on

Direct and indirect effects of physiological, psychological and cognitive variables on academic achievement in children

Página 8



mental  well-being  and  brain  development,  Biol.  Psychiatry  Cogn.  Neurosci.

Neuroimaging,  6,  pp.  225-237,  (2021);  Prince,  Et  al.,  Gender  and  education

differences in sedentary behaviour in Canada: an analysis of national cross-sectional

surveys,  BMC  Public  Health,  20,  (2020);  Seabra  A.F.,  Et  al.,  Correlates  of  physical

activity in Portuguese adolescents from 10 to 18 years,  Scand.  J.  Med.  Sci.  Sports,

21,  pp.  318-323,  (2011);  Estabrooks  P.A.,  Lee  R.E.,  Gyurcsik  N.C.,  Resources  for

physical  activity  participation:  does  availability  and  accessibility  differ  by

neighborhood  socioeconomic  status?,  Ann.  Behav.  Med,  25,  pp.  100-104,  (2003);

Voss  C.,  Sandercock  G.R.H.,  Associations  between  perceived  parental  physical

activity and aerobic fitness in schoolchildren, J.  Phys. Act. Health, 10, pp. 397-405,

(2013)

Correspondence Address

M.E. Visier-Alfonso; Faculty of Nursing, Universidad de Castilla-La Mancha, Cuenca,

Camino de Nohales 4, 16002, Spain; email: mariaeugenia.visier@uclm.es

Publisher

Springer Nature

ISSN

00313998

CODEN

PEREB

Direct and indirect effects of physiological, psychological and cognitive variables on academic achievement in children

Página 9



Language of Original Document

English

Abbreviated Source Title

Pediatr. Res.

Document Type

Article

Publication Stage

Article in press

Source

Scopus

EID

2-s2.0-85197412637

Direct and indirect effects of physiological, psychological and cognitive variables on academic achievement in children

Página 10


