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Abstract

Background and Objectives

Physical activity has a great influence on children’s health and cognition. Working memory, a key
aspect of cognitive function, is heavily implicated in classroom activities. As cognitive function
improves in younger ages, identifying a relationship between physical activity and working
memory would be beneficial to the child population. The objective of the study was to describe
physical activity level and working memory capacity and to determine their relationship in 10-
11-year-old children.

Methods

A cross sectional study was done involving 180 (90 boys) 10-11-year-old children randomly
selected from six schools in Colombo, Sri Lanka. A physical activity questionnaire for children
(PAQ-C) was used to assess the physical activity level. A wall mounted stadiometer and an
electronic weighing scale were used to assess height and weight. To assess verbal and nonverbal
components of working memory, the digit span test (forward and backward) and Corsi block
tapping test (forward and backward) were used. Ethics clearance was obtained from the Faculty
of Medicine, University of Colombo. Data was analyzed using the independent sample t test,
Pearson correlation test and one way ANOVA test on SPSS version 25.

Results

Mean PAQ-C score and mean scores for digit span tests and Corsi block tapping forward test
were significantly higher in boys compared to girls (p<0.05). Positive correlations were found
between physical activity level and digit span forward test (r=0.49; p<0.01), Corsi block tapping
forward test  (r =0.31; p<0.01) and Corsi block tapping backward test (r=0.52; p<001).
Conclusions

Increased physical activity levels lead to increase in working memory capacity. Sex difference was
observed in physical activity level and working memory capacity where boys outperformed girls.
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Introduction

Physical activity is defined as any bodily movement produced by skeletal muscles which
results in energy expenditure [1]. Physical inactivity is said to be the fourth leading risk
factor for global mortality [2] and is associated with an increased incidence of disability
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and non-communicable diseases (NCD) including hypertension, diabetes mellitus and
obesity [3]. Three fourth of NCD deaths occur in low- and middle-income countries and
the greatest increase of NCD deaths was recorded in WHO Southeast Asia region [4].
Moreover, due to lack of physical activity, overweight and obesity have become major
health concerns in modern society, not only in developed countries but also in developing
countries.

Levels of physical activity have been shown to decrease during adolescence [5] and in Sri
Lanka only 38% adolescent school children were reported to be getting sufficiently
physically active [6]. However, the benefits of physical activity go beyond physical health
and extend to psychosocial benefits [7] and increased cognitive function and academic
performance [8].

Working memory is the ability to retain information in memory over a short period of
time, which is a key aspect of cognitive functioning [9]. Baddeley defines working memory
as “the brain system that provides temporary storage and manipulation of information
necessary for such complex cognitive tasks as language, comprehension, learning and
reasoning” [10]. Working memory is believed to support cognitive behaviors ranging from
reading and comprehension to solving mathematical problems [11]. Furthermore, it is
heavily implicated in classroom activities that involve focusing and completing tasks [12].
It is said that children with working memory difficulties are common in every classroom
and are at a risk of poor academic performance if their working memory difficulties are
not addressed [13].

Several studies have shown a positive correlation between physical activity level and
working memory [14,15,16] Although most studies on working memory have focused
predominantly on adult populations, it is more important to study children as their
working memory can be improved which will benefit their classroom activities [15,16].
Therefore, the objective of the study was to determine the relationship between physical
activity and the working memory of 10-11 years old children.

Methodology

A cross sectional study was designed to identify the impact of physical activity on the
working memory of 10-11-year-old children from the Colombo Educational Zone, Sri
Lanka. The study setting was six schools in the Colombo Educational zone including two
national, two non-national and two semi government schools which were selected using
stratified random sampling. A list of schools was taken from the Colombo Educational
Zone and schools were divided into 6 strata as National Girls’, National Boys’, Non-
National (Provincial) Girls’, Non-National Boys’, Semi government Girls’ and Semi
government Boys' schools. Schools under each stratum were listed and numbered
separately. Numbers were then written on small papers of same size, and they were put
into 6 boxes of same size. From each box one paper was selected randomly.

Inclusion criteria were children between 10-11 years. Children who had physical or
mental disabilities, were ill during the study or were having a severe illness were
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excluded. Information sheets, proxy consent forms and questionnaires were given to
parent/guardian to gather information on physical or mental disabilities and illness
during the preceding two weeks. Further, we inquired from teachers about the
educational abilities of children and anyone below the standard of an average child for
the age were excluded.

A physical examination was performed to look for any significant physical abnormality
which would hinder normal physical activity. Children were informed about the study and
the first 30 10-11-year-old students with parents/guardians consent and student’s assent
to participate were selected on a first come first served basis in each school. This age
group was selected as the data collection tools used in the study were mainly designed
to suit this age group and also because understanding and logical ability is higher in this
age group compared to students in primary classes. Further, early interventions which
will benefit the children’s physical and mental health can be implemented at this age.

Sample size was calculated to determine the expected correlation between physical
activity and working memory. A previous study has reported correlations in the
magnitude of 0.26 between physical activity and working memory [17]. Therefore, a
correlation of 0.25 between the two parameters was considered to be realistic. Using this
and an alpha error of 0.05 and a beta error of 0.9, the sample size required was calculated
as 164 according to the following formula: Total sample size = [(Z4+Zp)/C]? + 3 and C=0.5
* In[(1+r)/(1-r)], where Zq =standard normal deviate for a error (1.96), Zg = standard
normal deviate for 3 error (1.28) and r =expected correlation (0.25). Allowing for a non-
response rate of 10%, the final sample size was calculated as 180.

A self-administered physical activity questionnaire for children (PAQ-C), was used to
assess the physical activity (PA) level. The first question was adjusted according to the
sociocultural conditions and available sport activities in Sri Lanka. PAQ-C questionnaire
has been ranked as one of the very few self-report instruments, which has acceptable
validity, reliability and practicality [18]. Bervotes and coworkers have validated the PAQ-
C questionnaire as a very useful tool in clinical practice with excellent content validity [19].

Working memory capacity was measured using the Corsi block tapping forward and
backward tests (for nonverbal memory) and Digit span forward and backward tests (for
verbal memory). Digital weighing machine (Model: EB9380H, Brand: Etekcity, Country:
China) was used to measure the weight and wall mounted stadiometer (Model: STADIO-
21, Brand: Axpert, Country: India) was used to measure the height. Body mass index (BMI)
was calculated as weight (kg) divided by the square of height (m) and BMI for age charts
available in the Sri Lanka Child Health Record (WHO 2007 standards) were used to
categorize as wasting, normal, overweight, and obese. Statistical analysis was done using
the statistical package for social sciences (SPSS) version 25.0 and the level of significance
was considered to be at p<0.05. Demographic characteristics of the study participants
were examined using appropriate descriptive statistics. Independent sample t test was
used to identify the gender difference in PAQ-C score and scores of Corsi block tapping
tests and Digit span tests. Pearson correlation was used to assess the relationship
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between the PAQ-C score and the scores of each working memory test. Ethics clearance
was obtained from the Ethics Review Committee of the Faculty of Medicine, University of
Colombo.

Results

The mean age of the sample was 10.5 years (SD = 0.27). The mean height and weight were
1.3(SD=0.06) m and 28.0(SD=3.22) kg, respectively. Mean BMI of the sample was
16.1(SD=2.2) kg/m?. Demographic characteristics of the study sample according to gender
are shown in Table 1.

Table 1: Distribution of demographic characteristics of the study participants.

characteristic Male Female
Age(years) 10.5 (£0.27) 10.5 (+0.26)
Weight (kg) 287 (3.3) 27.3 (+3.0)
Height (m) 13 (0.05) 1.3 (0.06)
BMI (kg/m?) 16.0 (2.1) 16.2 (£2.2)

Kg: kilograms; m: meter

Nutritional assessment revealed that 25 were wasted, four were overweight and four
were obese. PAQ-C score, digit span forward test (DSFT) and digit span backward test
(DSBT) scores and Corsi block tapping forward test (CBTFT) and Corsi block tapping
backward test (CBTBT) scores for each gender and for the whole study sample is shown
in Table 2.

Table 2: Distribution of the mean physical activity level, Digit span scores and, Corsi block
tapping scores for each gender.

Male Female Total p value
Mean SD Mean SD Mean SD
PAQ-C score 2.6 +0.66 2.1 +0.61 2.4 +0.68 0.001*
DSFT score 6.2 +1.2 54 1.2 5.8 1.3 0.001*
DSBT score 4.0 1.2 34 +0.90 4.0 +1.1 0.001*
CBTFT score 5.9 +0.86 5.5 +0.85 5.7 +0.87 0.01*
CBTBT score 4.7 +1.0 4.7 +0.96 4.7 +0.99 0.88

PAQ-C: Physical activity questionnaire for children; DSFT: Digit span forward test; DSBT: Digit span
backward test; CBTFT: Corsi block tapping forward test; CBTBT: Corsi block tapping backward test
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Mean PAQ-C score of the sample was 2.4(+0.68). Mean scores of the digit span forward
test and digit span backward test were 5.8(+1.3) and 4.0(x1.1) respectively while the mean
scores of Corsi block tapping forward test and backward test were 5.7(+0.87) and
4.7(x0.99) respectively.

Male students had a mean PAQ-C score of 2.6(+0.66) and female students had a mean
PAQ-C score of 2.1(x0.61). Male students had significantly higher PAQ-C scores (t = 5.0; df
=178; p =0.001) compared to the female students.

Male students had significantly higher scores in the digit span forward test (t = 4.0; df =
178; p = 0.001), digit span backward test (t = 3.7; df= 178; p =0.001) and in Corsi block
tapping forward test (t = 2.6; df= 178; p = 0.01). But there was no significant difference in
Corsi block tapping backward test among the two groups (t = 0.15; df= 178; p = 0.88).

Relationship of PA level with digit span forward and backward test scores, Corsi block
tapping forward and backward test scores and BMI for the study sample and for each sex
is shown in Table 3.

Table 3: The correlation between PA level with digit span test scores, Corsi block tapping
test scores and BMI for the whole population and each gender.

Total Male Female
Pearson Significance Pearson Significance C:?;Is:trilo Significance
Correlation (2 tailed) Correlation (2 tailed) n (2 tailed)
PAQ-C
score and 0.49" 0.00 0.40* 0.00 0.46* 0.00
DSFT
PAQ-C
score and 0.03 0.70 -0.23 0.03 0.14 0.18
DSBT
PAQ-C
score and 0.31" 0.00 0.15 0.16 0.39* 0.00
CBTFT
PAQ-C
score and 0.52" 0.00 0.61* 0.00 0.48* 0.00
CBTBT
PAQ-C
score and -0.12 0.12 -0.12 0.28 -0.09 0.38
BMI

PAQ-C: Physical activity questionnaire for children; DSFT: Digit span forward test; DSBT: Digit span
backward test; CBTFT: Corsi block tapping forward test; CBTBT: Corsi block tapping backward test

Significant positive correlations were found between PAQ-C score and the scores of digit
span forward test (r=0.49; p<0.01), Corsi block tapping forward test (r = 0.31; p<0.01) and
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Corsi block tapping backward test (r=0.52; p<0.01) as shown in Figures 1, 2 and 3,
respectively.

No significant correlation was found between PAQ-C score and the score of digit span
backward test. When the relationship was considered for each sex separately, similar
relationships were observed in the girls. Therefore, the girls demonstrated a significant
positive linear relationships between PAQ-C score and DSFT score, CBTFT score and
CBTBT score. But in the male participants, significant positive linear relationships were
found only between PAQ-C score and DSFT and CBTBT scores but not between PAQ-C
score and CBTFT scores. Further, no significant positive correlation was found between
PAQ-C score and DSBT score for both groups.
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Figure 1: PAQ-C score and Digit span forward test score
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Figure 3: PAQ-C score and Corsi block tapping backward test score
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Discussion

Physical activity level

The mean PAQ-C score of the eurrent study population was slightly lower than that
reported in other studies. A study done in Saudi Arabia, has reported a mean PAQ-C
score of 2.5 for normal weight, healthy, 10-16-year-old children [20]. Similar results were
found in another study, which reported a mean PAQ score (PAQ-C & PAQ-A combined) of
2.6 for children and adolescents of 9-18-year-old with congenital heart disease [21]. A
cross sectional study done in Spain showed a mean PAQ-C score of 3.1(x0.64) [21]. A
possible explanation for the relatively low PAQ-C score reported in the current study
might be due to the socio-cultural situation in the different countries and in the different
age ranges concerned as genetic, environmental and socio demographic characteristics
can affect the scores of physical activity level [20], Asian school aged children and
adolescents have reported low physical activity levels [23].

When considering the sex difference in physical activity level, the results of the current
study are in good agreement with other studies which have shown that the physical
activity level of boys is higher than girls. Results show that boys had a mean PAQ-C score
of 2.6(+0.66) vs girls (2.1(x0.61)). A study done in New Zealand using 20 children between
10-14 years old, to evaluate the effect of active video games on children’s physical activity
levels has reported that when considering the overall PA levels assed by accelerometer
and PAQ-C scores, boys were more active than girls [23]. Another study involving 215, 9-
15-year-old children has also revealed that boys were significantly more active (mean
PAQ-C scores 3.4(£0.68)) than girls (mean PAQ-C scores 3.0(+0.69)) [25].

Working memory capacity

Another aim of the current study was to assess the verbal and nonverbal components of
the working memory. Mean scores for the DSFT and DSBT reported in the current study
were 5.8(x1.3) and 4.0(x1.1) respectively. A study done to identify the racial differences
on digit span test showed 6.9(+2.2) for DSFT and 5.3(+1.9) for DSBT for Asian and Native
Americans and 6.3(+2.3) and 5.1(£1.8) for Hispanic children for DSFT and DSBT
respectively [25]. A study done in North America had identified a mean score of 4.1(+0.78)
for DSFT and 3.1(x0.92) for DSBT, which are relatively lower when compared to the
current study [27]. Another study had found mean scores of 5.2(+1.6) and 3.3(+1.6) for
DSFT and DSBT respectively [28]. As DSFT and DSBT are influenced by ethnicity [24], the
relatively higher scores of the current study might be due to the racial differences of the
study participants concerned.

For the nonverbal component, mean scores of 5.7(+0.87) and 4.7(+0.99) were reported
respectively for the CBTFT and CBTBT. A study done in Brazil has found similar results in
which a mean score of 5.3(+0.94) for CBTFT and 4.8(+0.55) for CBTBT were reported [29].
However, some studies have found lower mean scores for Corsi block tapping test
compared to the present study. A study done to identify cross-cultural differences in
visual memory tasks, has found comparatively lower mean scores compared to the
present study [30]. These differences can be accounted, in part, by the age ranges
concerned.
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Previous research studies have stated that there is no sex difference in visuospatial
memory according to Corsi block tapping test. Studies conducted in Brazil involving 60,
6- to 18-year-old children and adolescents [29] and 127, 7- to 10-year-old children [30],
have also concluded that there is no gender difference in CBTF and CBTB test. Similar
results were found in another study done in Netherland, involving 246 healthy adults of
50 to 92 years of age [31]. However, the present study revealed gender difference in
CBTFT and this rather contradictory result could be due to the different age ranges
concerned. In the present study only 10-11-year-old children were involved but in the
other studies participants of a wide age range had been taken into account. Another
possible explanation might be the cross-cultural differences of the study participants
concerned as other studies have been carried out in Western countries.

Many studies did not show sex difference in short term verbal memory measured by digit
span test [31, 32, 33]. But sex difference in DSFT & DSBT was identified in the present
study where boys outperformed girls. In contrast Temple & Cornish, in their study has
found that girls outperformed boys on a verbal memory recognition task [34]. These
contradictory results might be due to the different study tools used.

Correlation between physical activity level and working memory capacity

It was hypothesized that a relationship would exist between physical activity and working
memory and the present data supported the hypothesis. Significant positive correlations
were found between PAQ-C score and DSFT (r =0.49; p<0.01), CBTFT (r =0.31; p<0.01) and
CBTBT (r =0.52; p<001). However no significant correlation was found between physical
activity and DSBT. It was difficult to compare the present findings with those of the
literature as most of the studies have used different data collection tools to assess
physical activity level and working memory capacity. Despite the discrepancies in the data
collection tools used, the result of the present study was consistent with previous
research on the topic [15,16].

Therefore, it appeared that physical activity may have an impact on working memory
which is a part of cognitive functioning that requires effortful processing, and this impact
would be more in preadolescent children as their working memory develops at this age
[14]. The present investigation not only supports the importance of regular physical
activities in preadolescent children but also reveals the need for strategies to implement
physical activity programs at school level.

Conclusions

According to the results, male students had higher physical activity levels compared to
girls. Also, as three out of four working memory tests showed significant positive
correlations with physical activity level it is important to provide adequate facilities to
school children to engage in physical activities which would in turn improve their working
memory thus leading to better academic achievements.
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Limitations

The generalizability of these results is subject to certain limitations. The main limitation
is the relatively small sample size. Another limitation of the study is the narrow age range
of the participants. Therefore, the findings might not be transferable to children in other
age groups. Even though the PAQ-C questionnaire is a valid and reliable subjective tool
to assess physical activity levels in children, it is unfortunate that the study did not include
any objective measure of assessing physical activity level like accelerometer, pedometer
etc. due to scarcity of resources.

Acknowledgements

| wish to acknowledge the support given by the school principals and staff of the schools
that participated in data collection. | would also like to thank the lecturers in the
Department of Allied Health Sciences, Faculty of Medicine, University of Colombo for their
guidance and support in conducting this study.

References

1. Caspersen CJ, Powell KE, Christenson GM. Physical activity, exercise, and physical
fitness: definitions and distinctions for health-related research. Public health rep.
1985 Mar 1;100(2):126-31.

2. Bull FC, Bauman AE. Physical inactivity: the "Cinderella" risk factor for
noncommunicable disease prevention. Journal of health communication. 2011
Aug 31;16(sup2):13-26. https://doi.org/10.1080/10810730.2011.601226

3. Verburgh L, Kénigs M, Scherder EJ, Oosterlaan J. Physical exercise and executive
functions in preadolescent children, adolescents and young adults: a meta-
analysis. BrJ Sports Med. 2014 Jun 1;48(12):973-9.
https://doi.org/10.1136/bjsports-2012-091441

4. World Health Organization. Global status report on noncommunicable diseases
2014. World Health Organization; 2014.

5. Dumith SC, Gigante DP, Domingues MR, Kohl Ill HW. Physical activity change
during adolescence: a systematic review and a pooled analysis. International
journal of epidemiology. 2011 Jun 1;40(3):685-98.
https://doi.org/10.1093/ije/dyq272

6. Ranasinghe DC. The effects of supervised aerobic and resistance exercise
training on Sri Lankan adults with type 2 diabetes mellitus: Sri Lanka diabetes
aerobic and resistance training (SL-DART) study (Doctoral dissertation,
Queensland University of Technology).

7. Cooper SB, Dring K], Nevill ME. High-intensity intermittent exercise: effect on
young people's cardiometabolic health and cognition. Current sports medicine
reports. 2016 Jul 1;15(4):245-51.
https://doi.org/10.1249/JSR.0000000000000273

10


https://doi.org/10.1080/10810730.2011.601226
https://doi.org/10.1136/bjsports-2012-091441
https://doi.org/10.1093/ije/dyq272
https://doi.org/10.1249/JSR.0000000000000273

Journal of the Postgraduate Institute of Medicine 2021; 8(1): E139 1-13

http://doi.org/10.4038/jpgim.8271

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Esteban-Cornejo |, Tejero-Gonzalez CM, Martinez-Gomez D, del-Campo J,
Gonzalez-Galo A, Padilla-Moledo C, Sallis JF, Veiga OL, Up & Down Study Group.
Independent and combined influence of the components of physical fitness on
academic performance in youth. The journal of pediatrics. 2014 Aug
1;165(2):306-12. https://doi.org/10.1016/j.jpeds.2014.04.044

Conway AR, Kane MJ, Engle RW. Working memory capacity and its relation to
general intelligence. Trends in cognitive sciences. 2003 Dec 1;7(12):547-52.
https://doi.org/10.1016/j.tics.2003.10.005

Baddeley A. Working memory. Science. 1992 Jan 31,;255(5044):556-9.
https://doi.org/10.1126/science.1736359

Beilock SL, Carr TH. When high-powered people fail: Working memory and
"choking under pressure" in math. Psychological science. 2005 Feb;16(2):101-5.
https://doi.org/10.1111/j.0956-7976.2005.00789.x

Abd Ghani K, Gathercole SE. Working memory and study skills: a comparison
between dyslexic and non-dyslexic adult learners. Procedia-Social andBehavioral
Sciences. 2013 Nov 6:97:271-7

https://doi.org/10.1016/j.sbspro.2013.10.233

Gathercole SE, Alloway TP, Kirkwood HJ, Elliott JG, Holmes J, Hilton KA. Attentional
and executive function behaviours in children with poor working memory.
Learning and individual differences. 2008 Apr 1;18(2):214-23.
https://doi.org/10.1016/j.lindif.2007.10.003

Cockcroft K. The role of working memory in childhood education: Five questions
and answers. South African Journal of Childhood Education. 2015;5(1):01-20.
https://doi.org/10.4102/sajce.v5i1.347

Lambourne K. The relationship between working memory capacity and physical
activity rates in young adults. Journal of sports science & medicine. 2006
Mar;5(1):149.

Temple CM, Cornish KM. Recognition memory for words and faces in
schoolchildren: A female advantage for words. British Journal of Developmental
Psychology. 1993 Nov;11(4):421-6.
https://doi.org/10.1111/j.2044-835X.1993.tb00613.x

Drollette ES, Scudder MR, Raine LB, Davis Moore R, Pontifex MB, Erickson KI,
Hillman CH. The sexual dimorrphic association of cardiorespiratory fitness to
working memory in children. Developmental Science. 2016 Jan:19(1):90-108.
https://doi.org/10.1111/desc.12291

Biddle SJ, Gorely T, Pearson N, Bull FC. An assessment of self-reported physical
activity instruments in young people for population surveillance: Project ALPHA.
Int ] Behav Nutr Phys Act. 2011;8:1. https://doi.org/10.1186/1479-5868-8-1
Bervoets L, Van Noten C, Van Roosbroeck S, et al. Reliability and Validity of the
Dutch Physical Activity Questionnaires for Children (PAQ-C) and Adolescents
(PAQ-A). Arch Public Health. 2014;72(1):47. Published 2014 Dec 24.
https://doi.org/10.1186/2049-3258-72-47

11


https://doi.org/10.1016/j.jpeds.2014.04.044
https://doi.org/10.1016/j.tics.2003.10.005
https://doi.org/10.1126/science.1736359
https://doi.org/10.1111/j.0956-7976.2005.00789.x
https://doi.org/10.1016/j.sbspro.2013.10.233
https://doi.org/10.1016/j.lindif.2007.10.003
https://doi.org/10.4102/sajce.v5i1.347
https://doi.org/10.1111/j.2044-835X.1993.tb00613.x
https://doi.org/10.1111/desc.12291
https://doi.org/10.1186/1479-5868-8-1
https://doi.org/10.1186/2049-3258-72-47

Journal of the Postgraduate Institute of Medicine 2021; 8(1): E139 1-13

http://doi.org/10.4038/jpgim.8271

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

AL HUSAINI AA. Physical Activity and Sedentary Behavior Relative to Body Mass
Index among School Children in Saudi Arabia. Pediatr Ther. 2017;7(312):2161-
0665. https://doi.org/10.4172/2161-0665.1000312

Voss C, Dean PH, Gardner RF, Duncombe SL, Harris KC. Validity and reliability of
the physical activity questionnaire for Children (PAQ-C) and adolescents (PAQ-A)
in individuals with congenital heart disease. PloS one. 2017;12(4).
https://doi.org/10.1371/journal.pone.0175806

Farias, G., Thieme, R. D., Teixeira, L. M., Heyde, M. E., Bettini, S. and Radominski,
R. (2016) 'Nutricion Hospitalaria Trabajo Original', Nutr. Hosp., 33(5), pp. 1108-
1115. https://doi.org/10.20960/nh.574

Mdaller AM, Khoo S, Lambert R. Review of physical activity prevalence of Asian
school-age children and adolescents. Asia Pacific Journal of Public Health. 2013
May;25(3):227-38.

https://doi.org/10.1177/1010539513481494

Mhurchu CN, Maddison R, Jiang Y, Jull A, Prapavessis H, Rodgers A. Couch
potatoes to jumping beans: A pilot study of the effect of active video games on
physical activity in children. International Journal of Behavioural Nutrition and
Physical Activity. 2008 Dec;5(1):8.

https://doi.org/10.1186/1479-5868-5-8

Crocker PR, Bailey DA, Faulkner RA, Kowalski KC, McGRATH RO. Measuring
general levels of physical activity: preliminary evidence for the Physical Activity
Questionnaire for Older Children. Medicine & Science in Sports & Exercise. 1997
Oct 1;29(10):1344-9.

https://doi.org/10.1097/00005768-199710000-00011

Dalliard M. Racial Differences on Digit Span Tests. Available from:
https://humanvarieties.org/2013/12/21/racial-differences-on-digit-span-tests
[Accessed 2 January 2020].

Pisoni D, Kronenberger W, Roman A, Geers A. Article 7: Measures of digit span
and verbal rehearsal speed in deaf children following more than 10 years of
cochlear implantation. Ear and hearing. 2011 Feb;32(1):60s.
https://doi.org/10.1097/AUD.0b013e3181ffd58e

Pisoni DB, Cleary M. Measures of working memory span and verbal rehearsal
speed in deaf children after cochlear implantation. Ear and hearing. 2003
Feb;24(1 Suppl):106S.

https://doi.org/10.1097/01.AUD.0000051692.05140.8E

Teixeira RA, Zachi EC, Roque DT, Taub A, Ventura DF. Memory span measured by
the spatial span tests of the Cambridge Neuropsychological Test Automated
Battery in a group of Brazilian children and adolescents. Dementia &
neuropsychologia. 2011 Jun;5(2):129-34. https://doi.org/10.1590/51980-
57642011DN05020012

12


https://doi.org/10.4172/2161-0665.1000312
https://doi.org/10.1371/journal.pone.0175806
https://doi.org/10.20960/nh.574
https://doi.org/10.1177/1010539513481494
https://doi.org/10.1186/1479-5868-5-8
https://doi.org/10.1097/00005768-199710000-00011
https://humanvarieties.org/2013/12/21/racial-differences-on-digit-span-tests
https://doi.org/10.1097/AUD.0b013e3181ffd58e
https://doi.org/10.1097/01.AUD.0000051692.05140.8E
https://doi.org/10.1590/S1980-57642011DN05020012
https://doi.org/10.1590/S1980-57642011DN05020012

Journal of the Postgraduate Institute of Medicine 2021; 8(1): E139 1-13

http://doi.org/10.4038/jpgim.8271

30.

31.

32.

33.

34.

Santos FH, Mello CB, Bueno OF, Dellatolas G. Cross-cultural differences for three
visual memory tasks in Brazilian children. Perceptual and Motor Skills. 2005
Oct;101(2):421-33.

https://doi.org/10.2466/pms.101.2.421-433

Kessels RP, van Den Berg E, Ruis C, Brands AM. The backward span of the Corsi
Block-Tapping Task and its association with the WAIS-1II Digit Span. Assessment.
2008 Dec;15(4):426-34.

https://doi.org/10.1177/1073191108315611

Lynn R, Irwing P. Sex differences in mental arithmetic, digit span, and g defined
as working memory capacity. Intelligence. 2008 May 1;36(3):226-35.
https://doi.org/10.1016/j.intell.2007.06.002

Forrester G, Geffen G. Performance measures of 7-to 15-year-old children on the
auditory verbal learning test. The Clinical Neuropsychologist. 1991 Nov
1,5(4):345-59.

https://doi.org/10.1080/13854049108404102

Kamijo K, Pontifex MB, O'Leary KC, Scudder MR, Wu CT, Castelli DM, Hillman CH.
The effects of an afterschool physical activity program on working memory in
preadolescent children. Developmental science. 2011 Sep;14(5):1046-58.
https://doi.org/10.1111/j.1467-7687.2011.01054.x

13


https://doi.org/10.2466/pms.101.2.421-433
https://doi.org/10.1177/1073191108315611
https://doi.org/10.1016/j.intell.2007.06.002
https://doi.org/10.1080/13854049108404102
https://doi.org/10.1111/j.1467-7687.2011.01054.x

