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Abstract

Background: Policy makers and practitioners in low- and middle-income countries (LMICs) are increasingly focusing on the
effectiveness of digital devices in the delivery of medical and educational services to children under resource constraints. It is
widely known that digital literacy can be fostered through exposure to and education regarding digital devices, which canimprove
children’s academic performance as well as their search and communication skills in the digital era. However, the correlation
between the cognitive function of children and exposure and intensity of the exposure to digital devices has rarely been studied,
and the association between digital device exposure and the socioeconomic characteristics and cognitive development of children
in LMICsis unknown.

Objective: Thisstudy examinesthe association among exposureto digital devices, socioeconomic status, and cognitive function
in children aged 3 to 9 yearsin Cambodia.

Methods: We used a survey of 232 children that gathered data on familiarity with digital devices, demographic characteristics,
and socioeconomic status, as well as a Cambridge Neuropsychological Test Automated Battery test for cognitive function, to
examine the associ ation between possible barriers and factors that may influence the cognitive function of children in 2 Cambodian
schools from April 22, 2019, to May 4, 2019. A comparative analysis was performed with and without digital exposure, and an
association analysis was performed among the variables from the survey and cognitive function.

Results: Significant differences were observed in demographic and socioeconomic characteristics such as school location,
family type, and family income according to digital device exposure. The results of the Cambridge Neuropsychological Test
Automated Battery tests, except for 1 test related to executive function, indicated no significant differences (P>.05) between
group A and group B or among the 4 subgroups. Pretest digital device experience and amount of time spent using digital devices
during the test had no significant impacts on the cognitive development of the children. Conversely, the multivariate analyses
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showed that cognitive function was associated with educational expenses per child, school (location), family type, and family

income.

Conclusions: Theseresults provide evidence to policy makers and practitioners on the importance of improving socioeconomic
conditions, leading to investment in education by implementing programs for children’s cognitive development through digital

devicesin LMICs.

(J Med Internet Res 2022;24(8):€31206) doi: 10.2196/31206

KEYWORDS

low- and middle-income countries; digital device exposure; children; cognitive function; socioeconomic status

Introduction

Background

Resource-constrained health systemsin low- and middle-income
countries (LMICs) are considered a key obstacle to achieving
sustainable development goals (SDGs), specifically SDG 3, to
“ensure healthy lives and promote well-being for all at all ages,”
and SDG 4, to “ensureinclusive and equitable quality education
and promote lifelong learning opportunities for all” [1-3]. As
LMICs are experiencing an unprecedented increase in the
number and use of digital devices such asmobile phones, digital
health and education initiativesthat capitalize on the widespread
use of these devices are emerging [4,5]. A digital deviceis a
physical piece of equipment that uses digital datain some way,
such as sending, receiving, storing, or processing data [6].
Despite controversies over various digital initiatives and
programsusing digital devices, such as*“One Laptop Per Child,”
policy makers and practitioners are dtill interested in the
potential of digital technology to address issues such as the
digital divide, the impact of resource constraints on cognitive
development, and devel opmental disabilitiesin children[7-11].
However, will digital device exposure and intensity of the
exposure affect cognitive development in children in LMICs?
Thisquestion isdifficult to answer because most of the research
targets high-income countries, adolescents, and adults [12-14].

In addition to foundational skillssuch asliteracy and numeracy,
digita literacy and skillsare also key to implementing the SDGs
in this digital age [2]. Therefore, many have suggested using
digital devicesfor children’s cognitive development to improve
information processing, communication skills, and educational
attainment [10,15]. Studies have demonstrated that digital
devices provide only short-term improvements in children’'s
cognitive abilities during interventions [11,16-19]. A recent
study on patientswith an intellectual disability diagnosis showed
significant improvement in cognitive function using digital
devices [20]. Moreover, most studies have focused on the
experience of high-income countries or different age groups
and patient-only analyses [14,20-23]. The evidence provided
by these studies may not be relevant to LMICs because of their
different socioeconomic environments and cultures. Although
socioeconomic characteristics of households, both within and
without, are known to dignificantly affect cognitive
development, few studies on digital device—using interventions,
including on the impact of various levels of digital device
exposure on children’s cognitive development, have been
conducted in LMICs[24].

https://www.jmir.org/2022/8/€31206

This Study

This study addressed the following questions through a survey
and cognitive function tests of childrenin LMICs:

1. Do demographic and socioeconomic characteristics differ
according to digital device exposurein LMICs?

2. Do digital device exposure and intensity of the exposure
affect cognitive function in children in LMICs?

3. Is there an association among digital device exposure,
demographic and socioeconomic characteristics, and
cognitive function of children in LMICs?

Methods

Study Design

This cross-sectional study was designed to identify and analyze
the correlation between cognitive function and exposure to
digital devices in children aged 3 to 9 years at 2 schools in
Cambodia. The study focused on the following urban and rural
regionsin Cambodiato consider the effects of various conditions
such as average literacy rates, wealth and income distribution,
and educationa environments: Sisophon in Banteay Meanchey
(rura population: 24%-73%) and Sangkat Chaom Chaov in
Phnom Penh (rural population: 6%-40%). Sisophon has a
relatively small share of the nationally estimated high-wealth
quintile (22.9%) and a lower average of schooling years than
Sangkat Chaom Chaov (high-wealth quintile: 84.4%). The
schools selected were Xavier Jesuit School (rural) and Mirero
School (urban). Xavier Jesuit School has both kindergarten and
elementary classes. In total, 4 classes—2 kindergarten classes,
1first gradeclass, and 1 second grade class—were selected. As
Mirero School has only elementary classes, we selected 2 classes
each from the first and second grades.

Participant Enrollment

To target children eligible for the cross-sectional study, we
selected regions and schools with the advice of the Korea
International Cooperation Agency Cambodia Office, which
employs experts who are aware of the overal living
environment, including education, in Cambodia. After the
selection of areas and schools, classrooms and grades of age
that met the inclusion criteria were sel ected.

Study participants were enrolled from 2 elementary schoolsin
Cambodia’s 2 regions: rural and urban. The inclusion criteria
for children were asfollows: (1) male and femal e students aged
3 to 9 years, (2) no environmental change in their home or
school during the study, and (3) children who provided consent
fromtheir legal guardian or themselves. Studentswere excluded
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from the test if they could not use the study’s digital device
because of physical conditions or when legal guardians did not
provide consent for the test. Figure 1 shows details of the
participant selection flow.

The participants were divided into 2 groups based on their
responses to the questionnaire about digital device experience:
group A comprised children with digital device experience, and
group B comprised those without digital device experience. The

Figure 1. Participant selection flow.

Children who participated in a home
environment survey from 2 schools 1n

Kimet al

participants in group A were subsequently divided into 4
subgroups according to the duration (in minutes) of digital
device use: group A-1: <30 minutes per day, group A-2: 30 to
60 minutes per day, group A-3: 60 to 90 minutes per day, and
group A-4: >90 minutes per day. Of the 232 participants, 162
(69.8%) were in group A, with 95 (58.6%) in group A-1, 47
(29%) in group A-2, 10 (6.2%) in group A-3, and 10 (6.2%) in
group A-4, whereas group B had 70 (30.2%) participants.

2019 (N=335)
$ Did not answer the digital device questions (N=4)
A
Answered questions on digital device
use (N=331)
P| Answered questions incorrectly (N=6)
A 4

Answered questions correctly (N=323)

! Duplicated test results (N=13)
Children with test result vanables
(N=312)
! | Children without key vanables (N=80)

Children included in the analysis
(N=232)

Ethics Approval

All participants provided written informed consent before
enrollment in the study. Consent was granted by their guardians
after the study was explained in writing. Ethical clearance was
obtained from the Ministry of Health’s National Ethics
Committee for Health Research in Cambodia (212).

Data Collection

We gathered data on demographic and socioeconomic
characteristics through surveys and data on cognitive function
using the Cambridge Neuropsychological Test Automated
Battery (CANTAB) test. The survey targeted the basic
socioeconomic characteristics and demographics of the
participants and their guardians from April 22, 2019, to May 4,
2019. Most of the guardians were either the parents or

https://www.jmir.org/2022/8/€31206
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grandparents. At both schools, the survey was delivered to the
guardians living with the participant. The response rate was
82.9%. Most (335/404, 82.9%) of the participants returned the
completed form to the school. In cases where the guardians
could not read, schoolteachers assisted them in completing the
survey at school. The questionnaire had 2 parts. Thefirst elicited
demographic information about the children, such as sex, age,
and siblings, as well as digital device exposure and use. The
second collected information about the family’s socioeconomic
status, including residential conditions, guardians’ occupation
and education level, household income, and educationa
expenditure (Multimedia Appendix 1). The participants
cognitive function, depending on their experience with digital
devices, was evaluated through the CANTAB test using atabl et
device. The CANTAB test includes highly sensitive, precise,
and objective measures of cognitive function correlated with
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neural networks[25]. It includes tests that evaluate 4 cognitive
areas. attention and psychomotor speed, executive function,
memory, and socia and emotional cognition. The participants
were asked to perform 5 tests: motor screening task, reaction
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time, spatial working memory (SWM), pattern recognition
memory, and spatial span. We collected 53 test result variables,
including 11 key variables, for measuring the outcome of each
test (Table 1 and Multimedia Appendix 2).

Table 1. Summary of the Cambridge Neuropsychological Test Automated Battery tests.

Cognitive function and text Description

Key variable

Attention and psychomotor speed

Motor screening
ing the cross), participants are asked to select the cross
that appears on the screen as quickly and accurately as

To evaluate response speed and pointing accuracy (select-

Mean latency from stimulus (MOTML?)

possible [26]

Reaction time

Executive function

Spatial working memory

Memory
Pattern recognition memory
memory [28]

Spatial span
highlighted [28]

Assesses simple reaction time and movement during
simple and 5-choice reaction time trials

Test to find individual hidden tokens without returning
to abox where one has previously been found [27]

A 2-choice test of abstract visual pattern recognition

Test to recall the order in which a series of boxes was

Median 5-choicereaction time (RTIFM DRTb); median
5-choice movement time (RTIFMDMT®)

Total between errors (SWM BE468d); between errors
(4, 6, and 8 boxes; SWMBE 4,6, and 8, respectively);

strategy score (SWMS®)

Percent correct immediate (PRMPCI f); percent correct
delayed (PRMPCDY)

Longest successful sequence (SSPFSLh)

3MOTML: motor screening task mean latency.
PRTIFMDRT: reaction time median 5-choice reaction time.
CRTIFMDMT: reaction time median 5-choice movement time.

dSWMBE468: spatial working memory between errors (4, 6, and 8 boxes).

€SWMSS: spatia working memory strategy.

‘PRMPCI: pattern recognition memory percent correct immediate.
9PRMPCD: pattern recognition memory percent correct delayed.
hSSPFSL: spatial span forward span length.

Statistical Analysis

To compare the demographic differences between groups A
and B, achi-sguare test was performed on categorical variables
such as sex, and a Mann-Whitney U test was performed on
continuous variables such as age. To compare the differences
in cognitive function between the 2 groups, normality was tested
for the variables using the Shapiro-Wilk test. Variables
satisfying normality were examined using a 2-tailed t test, and
those that did not satisfy normality were compared between the
groups using the Mann-Whitney U test. For each comparison,
the effect size was calculated for the 2 groups according to
digital device exposure and for the 4 subgroups according to
digital device usetime, and the results of the normality test were
compared for possible type 1 statistical errors. In comparing
the 2 main groups, Cohen d was calculated for the t tests, and
r was calculated using the Mann-Whitney U test. To compare
the effect size among the 4 subgroups, eta squared (n?) was
calculated for ANOVA, and epsilon squared ( %) was used for
the Kruskal-Wallistest. Thethreshold of statistical significance
was set at P<.05, and an effect size greater than the small size,
depending on its type (Cohen d=+0.20: small, r=+0.10: small,

https://www.jmir.org/2022/8/€31206

n?~0.01: small, and 2~0.01: small), was considered significant
for 2-tailed t tests. To confirm the association among
demographic and socioeconomic characteristics, digital device
familiarity, and cognitive function in children, univariate
regression analysiswas performed for 3 cognitive domains and
11 variablesflowing from the CANTAB test. In the multivariate
linear regression analysis, only variables that were statistically
significant (P<.05) through univariate regression analysiswere
selected, and their effect on the cognitive function variable was
evaluated with and without adjusting for age and sex. All
statistical analyses were conducted using R (version 3.6.3; R
Foundation for Statistical Computing) and Python (version 3.7;
Python Software Foundation).

Results

Participant Flow

A total of 335 children participated in this study. Of these 335
children, 4 (1.2%) who did not answer the questions about
digital device exposure and 6 (1.8%) who answered
inconsistently (eg, talking about the purpose of the device, not
the experience) were excluded from the data analysis; in
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addition, 13 (3.9%) children with duplicated test results and 80
(23.9%) without values for the key variables of each test were
excluded. Ultimately, of the 335 children, 232 (69.3%) were
included in the data analysis (Figure 1).

Overall Population

Of the 232 children, 162 (69.8%) were in group A, and 70
(30.2%) were in group B. The 162 students in group A
comprised 110 (67.9%) Xavier Jesuit School students and 52
(32.1%) Mirero School students, asignificant difference (P<.05).
No significant difference between the groups was observed in
terms of sex: in group A, 59.3% (96/162) of the participants
were male students, whereasin group B, 56% (39/70) were male
students (P=.72). The mean ages of the participantsin group A

Kimet al

and group B were 7.3 (SD 1.5) years and 7.6 (SD 1.3) years,
respectively, without significant differences (P=.15). The
proportion of participants with monthly family income of <US
$150 was higher in group B (38/70, 54% vs 53/162, 32.7% in
group A), with significant differences (P=.004). The proportion
of participants with monthly family income of >US $350 was
higher in group A (25/162, 15.4% vs 4/70, 6% in group B). The
proportion of students whose mothers had secondary education
and above was far higher in group A (73/162, 45.1% vs 17/70,
24% in group B), with significant differences (P=.01). The
proportion of families who spent >US $30 per month on
education per child was also higher in group A (24/162, 14.8%
vs 4/70, 6% in group B), without overall differences between
the 2 groups (P=.07; Table 2).

Table 2. Comparison of participants’ demographic and socioeconomic characteristics according to digital device exposure?

Variable Group Ab, n=162 Group B, n=70 Total, N=232 P value
School, n (%) <.001
Xavier Jestit (rural) 110 (67.9) 31(44.3) 141 (60.8)
Mirero (urban) 52 (32.1) 39 (55.7) 91 (39.2)
Sex, n (%) 72
Female 66 (40.7) 31(44.3) 97 (41.8)
Male 96 (59.3) 39 (55.7) 135 (58.2)
Age (years), mean (SD) 7.3(1.5) 7.6 (1.3) 7.4(1.4) A5
Family type, n (%) .005
Other 11 (6.8) 4(5.7) 15 (6.5)
Only father 3(1.9 4(5.7) 73
Only mother 13(8) 12 (17.2) 25(10.8)
Parents and grandparents living together 14 (8.6) 11 (15.7) 25(10.8)
Parents living together 121 (74.7) 37 (52.9) 158 (68.1)
No response 0(0) 2(2.9) 2(0.9)
Family monthly income (US $), n (%) .004
<150 53(32.7) 8 (54.3) 91(39.2)
150 to 250 47 (29) 21(30) 68 (29.3)
250 to 350 37(22.8) 6 (8.6) 43 (18.5)
350 to 450 10 (6.2) 1(L.4) 11 (4.7)
>450 15(9.3) 3(4.3) 18(7.8)
Education expense per child per month (US $), n (%) .07
15 53(32.7) 38 (54.3) 91(39.2)
15t0 30 87 (53.7) 36 (51.4) 123 (53)
>30 24(14.8) 4(5.7) 28 (12.1)
No response 0(0) 1(1.49) 1(0.9)

Full table has been presented in Multimedia Appendix 2.
bDigita\l device exposure group.
Digital device nonexposure group.
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Digital Device Exposure

When comparing the results of the CANTAB test between the
2 groups, the SWM between errors (4 boxes, SWMBE4)
variable of group A had amedian of 2.0 (IQR 1.0-3.0), whereas
that of group B had a median of 2.0 (2.0-3.0); there were
significant differences (P=.01). However, the effect size was
small (P=.02). The SWM strategy (SWMS) variable of group
A had amedian of 12.0 (IQR 10.0-58.3), whereas that of group
B had a median of 10.0 (IQR 9.0-12.0); there were significant

Kimet al

differences (P.002). The effect size was small (P=.04). There
were no significant differences between groups A and B for the
other variables. The smaller valuesfor the motor screening task
mean latency (MOTML) and reaction time median 5-choice
reaction time (RTIFMDRT) variables were positive, but the
median values of group A were 15.5 and 21.2 points higher,
respectively, than those in group B. Conversely, the reaction
time median 5-choice movement time variable for the exposure
group was 13.5 points lower, without a significant difference
in median values among the other variables (Table 3).

Table 3. Comparison of cognitive function according to digital device exposure.

Cognitive function and variable  Group A2 n=162, median Group B?, n=70, median ~ Total, N=232, median P value Effect size (r)
(IQR) (IQR) (IQR)
Attention and psychomotor speed
MOTMLS (ms)d 781.1 (690.8-928.9) 765.6 (680.5-968.1) 776.1 (685.6-953.7) .93 -0.004
RTIEMDRT® (ms)d 517.0 (462.0-578.0) 495.8 (460.0-551.0) 512.0 (461.0-566.0) .29 0.001
RTIEMDMT' (ms)? 2715 (232.0-325.5) 285.0 (238.5-342.5) 275.0 (235.0-330.5) 11 0.007
Memory
PRMPCI? (%) 75.0 (58.3-91.7) 70.8 (50.0-83.3) 75.0 (50.0-91.7) .52 -0.003
prMPCD! (%) 66.7 (50.0-75.0) 58.3 (50.0-75.0) 66.7 (50.0-75.0) .08 0.009
SsprsL ) 4.0(3.0-5.0) 4.0 (3.0-5.0) 4.0(3.0-5.0) .99 -0.004
Executive function
SWMBE468 (n)d 24.0 (20.0-28.0) 25.0(22.0-28.0) 24.0 (20.0-28.0) .18 0.003
SWMBEZX (n)d 2.0(1.0-3.0) 2.0(2.0-3.0) 2.0(1.0-3.0) .01 0.023
SWMBES' (n)® 7.0 (5.0-9.0) 7.0 (6.0-9.0) 7.0 (5.0-9.0) 60 -0.003
SWMBES™ (n)? 145 (12.0-17.0) 15.0 (13.0-17.0) 15.0 (13.0-17.0) 61 -0.003
SWMS" (n)d 12.0(10.0-58.3) 10.0 (9.0-12.0) 11.0 (10.0-50.0) .002 0.036

@Digital device exposure group.

bDigital device nonexposure group.

“MOTML: motor screening task mean latency.

dSmaller values indicate more positive changes.

ERTIFMDRT: reaction time median 5-choice reaction time.
RTIFMDMT: reaction time median 5-choice movement time.
9PRMPCI: pattern recognition memory percent correct immediate.
PPRMPCD: pattern recognition memory percent correct delayed.
ISSPFSL: spatia span forward span length.

IsSWMBE468: spatial working memory between errors (4, 6, and 8 boxes).

KswMBE4: spatial working memory between errors (4 boxes).
'sSwMBES: spatial working memory between errors (6 boxes).

MSWMBES: spatial working memory between errors (8 boxes).
NSWMS: spatial working memory strategy.

Digital Device Use Time

When comparing the differences in cognitive levels based on
the duration of digita device use, the results showed no
significant differences among the 4 subgroups, with all effect
sizes being small. Although there were no significant
differences, the median values of the 2 variables measuring

https://www.jmir.org/2022/8/€31206

attention and psychomotor speed in group A-4 were higher than
those in group A-1. Regarding the visua memory variables,
there were no significant differences among the 4 subgroups,
and thedistribution did not show alinear relationship. Regarding
the executive function test, as use time increased, the number
of errors decreased, leading to positive results. Regarding the
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SWM tegt, thedistributions of the4 subgroupswere not different  (Table 4).

Table 4. Comparison of Cambridge Neuropsychological Test Automated Battery test results according to digital device use time.

Cognitive functionand Digital device usetime Pvaue Effect
variable size (82)
GroupA-12 n=95, GroupA-2°,n=47, GroupA-3°,n=10, Group A-4% n=10, Total, N=162,
median (IQR) median (IQR) median (IQR) median (IQR) median (IQR)
Attention and psychomotor speed
MOTMLE (ms) 785.2 (699.3- 760.5 (660.4- 835.2 (641.9- 864.5 (739.8- 781.1(690.8- .24 0.143
988.3) 866.8) 909.1) 1065.9) 928.9)
RTIEMDRT (ms) 510.0 (453.0- 519.5 (468.8- 596.5 (478.0- 530.5 (468.5-607.0) 517.0 (462.0- .48 0.070
569.0) 560.2) 661.0) 578.0)
RTIFMDMTY (ms) 278.0 (240.0- 260.0 (225.2- 270.5 (243.5- 257.8(191.0-418.0) 271.5(232.0- .26 0.037
333.2) 295.5) 324.0) 325.5)
Memory
PRMPCIN (0~ 667(500-833)  833(6259L7)  833(58.39L7) 750 (66.7-917) ;i%(ss.s- 21 0.023
PRMPCD (%) 66.7 (50.0-75.0) 66.7 (54.2-75.0) 70.8 (58.3-75.0) 70.8 (58.3-83.3) gg:g)(S0.0- .35 0.033
ssPEsL () 4.0 (3.0-5.0) 4.0 (3.0-5.0) 35(3.0-4.0) 4.0 (4.0-5.0) 40(30-50) .64 -0.002
Executive function
SWMBE468 (n) 240(200280)  240(200-280)  245(210-330)  21.0(19.0-28.) ggig)(zo.o- 70 0.000
SwMBE4 () 20(0530) 2.0 (1.0- 2.0) 2.0 (1.0- 4.0) 1.5(1.0- 4.0) 20(10-30) .87 0.020
SWMBEE™ (n)  7.0(5.0-10.0) 7.0 (5.0-9.0) 8.0 (6.0-10.0) 6.0 (4.0-10.0) 7.0(50-9.0) .66 -0.006
SWMBES"(n)  150(130-17.0)  140(125-175)  155(120-190)  135(120-150) 1:71:3)(12.0- 64 -0.004
SWMS® (n) 9.0 (8.5-10.0) 10.0 (9.0-11.0) 9.0 (8.0-11.0) 10.0 (9.0-11.0) 12:8)(9.0- .07 0.176

@Digital device use time <30 minutes per day.

bDigital device use time 30 to 60 minutes per day.

Digital device use time 60 to 90 minutes per day.

dDigital device use time >90 minutes per day.

EMOTML: motor screening task mean latency.

fRTIFMDRT: reaction time median 5-choice reaction time.
9RTIFMDMT: reaction time median 5-choice movement time.
PPRMPCI: pattern recognition memory percent correct immediate.
'PRMPCD: pattern recognition memory percent correct delayed.
ISsPFsL: spatial span forward span length.

KSWMBE468: spatial working memory between errors (4, 6, and 8 boxes).

'SwMBE4: spatial working memory between errors (4 boxes).

MSWMBES: spatial working memory between errors (6 boxes).
NSWMBES: spatial working memory between errors (8 boxes).
OSWMS: spatial working memory strategy.

Cognitive Function and Socioeconomic Status

All results of univariate linear regression analysis to determine
the relationship between demographic characteristics and
socioeconomic status and CANTAB test score have been
presented in Multimedia Appendix 2.

https://www.jmir.org/2022/8/€31206

RenderX

The measures showed that the 3 variables MOTML,
RTIFMDMT, and RTIFMDRT from the Attention and
psychomotor speed cognitive function were significantly
associated with Age (all P<.001), School (all P<.001), and
Education expense per child (all P<.001) in the univariate model
and multivariate model 1. However, in multivariate model 2,
adjusted for age and sex, MOTML was significantly associated
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with School, and RTIFMDRT was significantly associated with  Family type (Table 5).
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Table 5. Univariate and multivariate regression models for relationship between cognitive function and survey variables.

Cognitive  Survey variable Univariate model Multivariate mode! 1 Multivariate model 22
function and
variable
Coefficients P value Coefficients P value Coefficients P value
Attention and psychomotor speed
MOTMLP
Age (years) _69.718° <.001 —42.027 .001 —42.851 <.001
Education expense per child per month (US $; vslessthan US $15)
15t0 30 131.021 <.001 —59.960 .08 -36.11 .29
>30 -5.502 91 43.200 .08 32.85 18
School (vs Mirero) 185.077 <.001 157.79 <.001 88.74 .01
RTIFMDMTY
Age (years) —-16.631 <.001 —11.968 .003 -11.654 .004
Education expense per child per month (US $; vslessthan US $15)
15t0 30 41.118 <.001 —20.140 .07 -14.577 19
>30 5.143 72 17.669 .03 15.32 .05
Schooal (vs Mirero) 33.564 <.001 24.352 .01 7.923 49
RTIFMDRT®
Age —40.904 <.001 —40.238 <.001 —40.142 <.001
Education expense per child per month (US $; vslessthan US $15)
15t0 30 61.556 <.001 —20.140 .07 -14.577 19
>30 4.296 .83 17.669 .03 15.32 .05
Family type (vs Other)
Only father —46.919 .29 —50.240 .23 —27.001 .46
Only mother —77.933 .01 -64.930 .03 —41.667 A1
Parentsand grandparentsliving —62.333 .049 —74.410 .01 —45.816 .08
together
Parents living together —64.801 .01 —61.050 .01 —43.347 .04
School (vs Mirero) 68.184 <.001 69.650 <.001 1.669 .90
Memory
PRMPCI'
Age (years) 4.267 <.001 4.263 <.001 4.326 <.001
Family type (vs other)
Only father 16.587 .08 16.911 .07 14.835 A1
Only mother 11.778 .09 10.505 A2 8.324 21
Parentsand grandparentsliving 11.111 .10 12.293 .07 10.379 12
together
Parents living together 15.246 .01 15.054 .01 13.540 .01
School (vs Mirero) —6.705 .02 -6.817 .02 0.521 .88
PRMPCDY
Age (years) 3535 <.001 3.297 <.001 3.297 <.001
Education expense per child per month (US $; vslessthan US $15)
15t0 30 -5.389 .03 6.632 .01 3.686 17
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Cognitive Survey variable Univariate model Multivariate model 1 Multivariate model 22
function and
variable
Coefficients P value Coefficients P value Coefficients P value
>30 3.122 .39 -1.203 .56 —0.408 .84
Family income per month (US $; vslessthan US $150)
150 to 250 2497 37 1811 .52 1221 .66
250 to 350 5715 .07 6.012 .06 5.846 .06
350 to 450 -5.824 .29 —7.054 A9 -5.608 .29
>450 10.000 .03 10.095 .02 11.375 .008
SsPFsL”
Age (years) 0.226 <.001 0.226 <.001 0.225 <.001

Executive function

SWM BE468

Education expense per child per month (US $; vslessthan US $15)

15t0 30 —0.606 .46
>30 —2.628 .03
Sex (vs male) 1.509 .048
SWMBE4
Digital device exposure (vsnonex- —0.473 .02
posure group)

-1.438 A1 —1.069 .25
-1.276 .06 -1.397 .04
—-1.582 .04 -1.570 .04
—-0.389 .06 —0.390 .06

Education expense per child per month (US $; vslessthan US $15)

15t0 30 -0.504 .01
>30 -0.286 .33
School (vs Mirero) -0.574 .002
SWMBES*
Age (years) -0.372 .047
Sex (vs male) 1.124 .04
swMs
Age (years) -5.086 <.001
Digital device exposure (vsnonex- 13.423 <.001
posure group)

Family income per month (US $; vslessthan US $150)

150 to 250 —9.464 .03
250 to 350 -1.479 .76
350 to 450 —6.306 46
>450 -1.204 .86

Family type (vs other)

Only father 0.331 .98
Only mother -17.289 .047
Parentsand grandparentsliving —4.302 .62
together

Parents living together —7.994 27

0.096 .67 0.119 .60
—0.262 .01 -0.272 .09
-0.412 .04 —0.480 .04
-0.379 .04 -0.379 .04
-1.141 .03 -1.141 .03
2.496 .046 2.540 .04
7.336 .03 7.190 .04
-1.301 .72 -1.105 .76
—4.089 32 —4.101 31
—7.818 .26 —7.365 29
-14.057 .01 -14.628 .009
0.551 .96 —0.869 .93
—-10.895 12 —12.283 .08
—9.254 .20 -10.276 16
—6.319 .28 —7.223 22
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Cognitive Univariate model
function and

variable

Survey variable

Coefficients

P value

Multivariate model 1 Multivariate model 22

Coefficients P value Coefficients P value

School (vs Mirero) 32.062

<.001

32.221 <.001 37.065 <.001

8Adjusted for age and sex.

PMOTML: motor screeni ng task mean latency.

Cstatistically significant data are shown in italics.

9RTIFMDMT: reaction time median 5-choice movement time.
ERTIFMDRT: reaction time median 5-choice reaction time.
‘PRMPCI: pattern recognition memory percent correct immediate.
9PRMPCD: pattern recognition memory percent correct delayed.
NSSPFSL: spatial span forward span length.

ISWMBE468: spatial working memory between errors (4, 6, and 8 boxes).

IswMBE4: spatial working memory between errors (4 boxes).
KswMBES: spatial working memory between errors (8 boxes).
lswms: spatial working memory strategy.

The 3 Memory cognitive function variables pattern recognition
memory percent correct immediate, pattern recognition memory
percent correct delayed, and spatial span forward span length
were associated with Age, Education expense per child, Family
income, Family type, and School. In the univariate model and
multivariate model 1, pattern recognition memory percent
correct immediate was significantly associated with Age (all
P<.001), Family type (all P=.07), and School (al P<.05).
However, in multivariate model 2, it was significantly related
only to Age (P<.001) and Family type (P=.01). Inthe univariate
model and multivariate model 1, pattern recognition memory
percent correct delayed was significantly related to Age (all
P<.001), Education expense per child (all P<.05), and Family
income (all P<.05). However, in multivariate model 2, it was
significantly associated only with Age (P<.001) and Family
income (all P=.08). In all 3 regression models, spatial span
forward span length was strongly related to Age (P<.001; Table
5).

The variables SWM between errors (4, 6, and 8 boxes),
SWMBE4, SWM between errors (8 boxes), and SWMS
corresponding to Executive function wererelated to Age, Digital
device exposure, Education expense per child, Family income
per month, Family type, Sex, and School. In the univariate
model, SWM between errors (4, 6, and 8 boxes) was
significantly related to Education expense per child (P=.03)
and Sex (P=.05). However, in multivariate model 1, it was not
associated with any variable. SWMBE4 was significantly
associated with School (all P<.05) in the 3 regression models.
Both Age (al P<.05) and Sex (al P<.05) had a significant
association in the 3 regression analyses of SWM between errors
(8 boxes). The SWM Svariable showed asignificant relationship
with the 3 variables Age (all P<.05), Digital device exposure
(al P<.05), and School (all P<.001) in al regression analyses
(Table5).

https://www.jmir.org/2022/8/€31206

Discussion

Comparison With Prior Work

Since 2015, when the 2030 Agendafor Sustainable Devel opment
was adopted at the United Nations General Assembly, many
initiatives for the application of digital technologiesto policies
and programs for development, particularly those associated
with SDGs 3 and 4, emerged in various countries, particularly
LMICs[5,29]. However, there is insufficient evidence on how
digital device use affects children’s cognitive improvement in
LMICs [8,30,31]. This study focused on urban and rura
Cambodian schoolsto provide a comprehensive perspective on
the adoption and use of digital devices among children. We
used a cross-sectional study to examine the cognitive level of
3 domains using the CANTAB, focusing on how exposure to
digital devices affects cognitive development in elementary
school—age children.

Principal Findings

Our study found significant differences in demographic and
socioeconomic characteristics such as school location, family
type, and family income according to digital device exposure.
We found that children demonstrated neither superiority nor
inferiority in cognitive scores on the CANTAB in 3 cognitive
domains depending on digital device use. Given the lack of
empirical research on the impact of digital device exposure on
cognitive development, we offer two key findings that make a
significant contribution to policies and programs for the
application of digital devicesto health care and education: (1)
there is no significant association between exposure to digital
devicesand cognitive devel opment; (2) however, socioeconomic
conditions such as school location, family income, family type,
and education expenditure are significantly related to cognitive
function [31].

Strengths and Limitations

Several policy implications can be drawn from this study’s
findings. Thefirst istheimportance of an enabling environment
that maximizes the impact of digital devices on cognitive
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function and development. The evidence demonstrates that
socioeconomic factors significantly affect cognitive function
and devel opment in infancy, including memory and enforcement
functions[24,27]. For example, US studies found that children
from higher socioeconomic backgrounds had higher
achievementsin visuospatial, memory, and executive functions
than those from middle or low socioeconomic backgrounds.
Similarly, students from higher socioeconomic backgroundsin
Brazil were found to have better memory and executive function
results[24]. To what extent do socioeconomic conditions affect
children’s cognitive function and development in LMICs? The
findings of our study demonstrate that these conditions,
specifically education expenditure, enhanced cognitive function
and development to agreater extent than did children’s exposure
todigital devices. Comments such as“we have higher priorities
than laptops’ expressed by many delegates to the 2005 World
Summit on the Information Society, during which the “One
Laptop Per Child” deviceswere introduced, were supported by
our findings. Proper investment in education is a much more
significant task than purchases of, and exposure to, digital
devices, particularly in LMICs.

The second implication concernsthe design and setting of digital
devices. Many initiatives on the use of digital devices for
children’s cognitive function and development are based on a
theoretical framework called the “brain’s rearrangement
capacity,” which posits that children learn to associate what
they see, hear, and know with symbolic characters [31]. Thus,
we collected data indicating the symbolic characters that
children see and hear on digital devices (Multimedia Appendix
1). Most children with digital devices experience a desire to
play games and watch videos, such as those available on

Kimet al

YouTube. By playing games and watching videos, children may
not learn to associate what they see, hear, or know with symbolic
characters. Our finding on theinsignificant impacts of exposure
to, or use of, digital devices on cognitive devel opment suggests
that the design and setting of the devices that children are
exposed to should be effective enough to stimulate and
accelerate the“ brain’srearrangement capacity.” Giving children
access to digital devices with suitable designs and settings is
more important than ever amid a pandemic such as the
COVID-19 pandemic, during which almost al schools had
closed for long periods worldwide [28].

Our study had several limitations. First, the levels of children’s
cognitive function and devel opment were measured only during
the survey; the long-term impact of digital device use on
cognitive function and development was not assessed. Thisis
a typical limitation of cross-sectional studies with a defined
time frame. A longitudina panel study based on groups of
children with different socioeconomic backgrounds and levels
of exposureto digital devicesisneeded to measurethelong-term
effectsof digital deviceson cognitive function and development.
Second, our study was conducted in 2 areas of Cambodia. We
focused on both rural and urban areas to examine the impact of
differencesin socioeconomic levels. However, thisdid not cover
a sufficient area. Nevertheless, considering the lack of studies
on theimpact of digital device exposure on children’s cognitive
function and development in LMICs, particularly thosefocusing
on both digital device exposure and socioeconomic conditions,
our study expands the understanding of the enabling
environment required for digital device-use initiatives aimed
at children’s cognitive function and devel opment.
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