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Abstract

Measuring executive function (EF) among adults is important, as the cognitive processes
involved in EF are critical to academic achievement, job success and mental health. Current
evidence on measurement and structure of EF largely come from Western, Educated,
Industrialized, Rich and Democratic (WEIRD) countries. However, measuring EF in low-
and-middle-income countries (LMICs) is challenging, because of the dearth of EF measures
validated across LMICs, particularly measures that do not require extensive training, expen-
sive equipment, or professional administration. This paper uses data from three LMIC
cohorts to test the feasibility, validity and reliability of EF assessment in adults using three
sub-tests (representing key components of EF) of the NIH Toolbox Cognitive battery. For
each cohort, all three EF measures (inhibition, flexibility and working memory) loaded well
onto a unidimensional latent factor of EF. Factor scores related well to measures of fluid
intelligence, processing speed and schooling. All measures showed good test-retest reliabil-
ity across countries. This study provides evidence for a set of sound measures of EF that
could be used across different cultural, language and socio-economic backgrounds in future
LMIC research. Furthermore, our findings extend conclusions on the structure of EF beyond
those drawn from WEIRD countries.

Introduction

Executive Functions (EF) are cognitive control processes which facilitate decision making,
planning and goal-driven behaviour. EFs include inhibitory control, working memory and
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cognitive flexibility [1]; which are crucial to academic attainment, cognitive development,
mental well-being [2], and optimising human capital potential. For example, EF abilities pre-
dict school readiness [3, 4], achievement on academic tests [5, 6], as well as job success [7] and
quality of life [8, 9].

Early life experiences such as disease, malnutrition and violence can adversely impact brain
development [10], especially affecting cognitive skills such as executive functions. This is par-
ticularly important in low- and middle-income countries (LMIC) where the prevalence of
adverse early life experiences, compromising cognition, in some contexts is high [11].

Miyake and colleagues indicate both unity and diversity within EF models, whereby inhibi-
tion, cognitive flexibility and working memory are correlated with each other and form a uni-
tary EF factor but are also separable (diversity) [1, 12]. However, such cognitive models of EFs
have been primarily based on research from Western, Educated, Industrialized, Rich and
Democratic (WEIRD) countries [13]. Fundamentally, this is a limitation to the generalisability
of cognitive models more broadly, and those of EF in particular, because it remains unclear
whether they apply beyond WEIRD contexts.

In addition to understanding how EF skills can be measured and relate to one another in
LMICs, it is also important to consider factors which are associated with EF in LMICs; such
factors, if modifiable, could be critical in developing interventions. One such factor is school-
ing, which studies have shown to be associated with EF in childhood and adolescence [3-6,
14-16]. Again, less is known about these associations in LMICS, nor associations between
adult EF and schooling. Having robust measures of EF, and identifying associated factors such
as schooling, is critical to fully understand the pathways to optimal outcomes in adulthood
and thus inform intervention.

Furthermore, identifying reliable methods to assess EF that can be administered by non-
specialist staff is critical, to ensure reach and representation of communities without access to
specialists. Measuring EF in LMICs is fundamentally challenging, as the majority of existing
assessments were developed and validated in high income countries (HICs) and many require
in-depth training [17]. In addition, studies which use EF measurement tools have predomi-
nantly been conducted in HICs and often do not report reliability and/or validity [18]. Asa
consequence, there is limited evidence of the robustness and reliability of EF measures, partic-
ularly in LMICs.

Furthermore, using EF measures developed in HICs may lead to interpretation issues when
used in LMIC contexts. Semrud-Clikeman et al. [17] highlight that many cognitive tests do not
necessarily measure the same underlying constructs when administered in different cultures,
as tasks which are familiar to people in HICs may not be familiar to those in LMICs. For exam-
ple, for some participants, working with numbers or puzzles may be novel, especially for those
with limited educational experience. As a result, normative data for measures developed in
HIC:s often do not generalise to LMICs as they tend to over-estimate cognitive delay (See Sem-
rud-Clikeman et al., 2017). To counteract this, adaptations are often made to tasks to minimise
cultural bias. The extent to which measures developed in HICs are appropriate for measuring
EF in different countries and cultures, even with adaptations, requires investigation.

The aim of the current study was to investigate the extent to which three measures of EF,
developed in HICs, are reliable indicators of EF in LMICs and the extent to which they are
associated with key indicators of human capital, such as schooling.

We utilised the NIH Toolbox because their EF-focused assessments correspond to the three
core EFs: inhibition, cognitive flexibility and working memory [1]. In addition, these measures
have been well validated, showing good convergent and discriminant validity and good test-
retest reliability among both adults and children in the US [19, 20]. The NIH Toolbox develop-
ment team considered cultural and linguistic issues during its development as well as cultural
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diversity, albeit within the US population [21]. Thus, less is known about how these measures
generalise across countries, cultures and languages other than the USA. We assessed the cul-
tural relevance of the NIH Toolbox tests and adapted them where necessary to ensure they
were culturally appropriate.

We used a round of standardised data collection in adulthood from three LMIC birth
cohorts (Guatemala, Philippines, and South Africa), as an opportunity to test the suitability,
validity and reliability of tablet-based, field worker friendly assessments across diverse LMICs.
These cohorts vary in language, culture, climate and diversity. Each birth cohort is part of the
Consortium of Health-Orientated Research in Transitioning Societies (COHORTS). These
large cohort studies have prospectively followed participants throughout their lives and this
paper utilises data collected when they were re-visited in adulthood. Participants have grown
up in countries which have experienced rapid social, economic and environmental changes
and some have grown up in environments which restrict human potential.

These three diverse LMIC birth cohorts offer a unique opportunity to explore the feasibility,
validity and reliability of EF assessments through exploring the factor structure and test-retest
reliability of these measures. Crucially, they enable us to examine executive function indicators
as specific correlates of key human capital variables, such as schooling. In addition, they enable
us to explore their relationship to other indices of cognition, such as fluid intelligence [22, 23]
and processing speed [24, 25], which are known to correlate with EF in HICs. Such research is
essential before EF measurement tools can be reliably used in LMICs. Similar factor structures,
relations to other indicators and good test-retest reliability in all three countries would provide
sound evidence for the effectiveness of these measures across diverse countries and cultures,
supporting the use of the NIH Toolbox to assess adult EF in cross-cultural research. Given that
many people in LMICs are much more likely to be exposed to disadvantage and other risk fac-
tors, which can compromise EF, identifying robust measures of EF and associated factors is
critical.

Method
Participants

Institute of nutrition of central America and Panama nutrition trial cohort (INCAP),
Guatemala. The INCAP study began in 1969 and originally comprised 2392 children born
between from 1962-1977 in eastern Guatemala (See Stein et al. [26] for cohort profile). This
paper reports data collected when cohort participants were 40-57 years old (n = 1271).

For the reliability study forty-five additional participants, who were not part of the INCAP
cohort, were recruited from a community that demographically resembled the main cohort
communities (38-58 years old).

Cebu Longitudinal Health and Nutrition Survey (CLHNS), Philippines. The CLHNS
recruited a community-based sample of pregnant women in 1983-1984 in Metropolitan Cebu,
Philippines. Participants were followed up throughout infancy, childhood and adulthood
(N = 3080 at recruitment); see Adair et al. [27] for cohort profile. This paper reports data col-
lected when cohort participants were 34-36 years old (n = 1327).

Thirty-two additional participants, who were not part of the CLHNS cohort, were recruited
for the reliability study. Inclusion criteria for the reliability assessment required participants to
have a similar background to that of the CLHNS cohort, in terms of age and socio demo-
graphic profile (aged 32-36 years).

Birth to Twenty Plus (Bt20+), Soweto, South Africa. Established in 1990, the Bt20
+ cohort comprised 3273 singleton births enrolled within a 6-week period in public hospitals
in Soweto, Johannesburg. The study sample has been prospectively followed from birth to
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adulthood (See Richter et al. [28] for cohort profile). This paper reports data collected when
cohort participants were 28-29 years old (n = 1402).

Forty-three participants from the main BT20+ cohort, also participated in the reliability
study. All 43 participants completed the first and second assessments and 30 completed the
third assessment.

Adaptations and translation

Before the study began, the cultural appropriateness of all tasks was assessed. As a result, some
tests required adaptation, which are discussed below.

Developing the Cebuano NIH Toolbox app. This study used the English and Spanish ver-
sions of the NTH Toolbox app in South Africa and Guatemala, respectively. As these versions
could not be used in the Philippines, in conjunction with the NIH toolbox team, a Cebuano ver-
sion of the app for administration in Philippines was developed. This process involved forward
and back translation of all instructions and items. A linguist and a licensed psychologist com-
pared the original item, the Cebuano version and the back translation for consistency. Any dis-
crepancies were reviewed and revised as necessary. Finally, a language co-ordinator checked the
proposed Cebuano version, for acceptability and appropriateness for the target population.

Once the translations were approved, audio-recordings were created. The NIH
Toolbox team then processed the audio recordings and developed the Cebuano version of the
app [29]. Finally, the research team at the USC-Office of Population Studies Foundation
checked the new Cebuano app to ensure that all stimuli and instructions matched the audio
recorded script and the timing of audio and visual instruction and/or pictures was correct.

Adaptations. Item substitutions were made to the list sorting stimuli in Guatemala and
Philippines. Items which were not common within these countries were substituted for more
common items, to ensure participants knew the target items. As a key component of the list
sorting task is the size of each item, replacement items were the same size as the original item.
In Guatemala, pumpkin was substituted with papaya, cherry with nispero (loquat) and blue-
berry with nance (small round tropical fruit). In Philippines, pumpkin was substituted with
kalabasa (squash), blueberry with lomboy (java plum), cherry with sereguelas (Spanish plum)
and peach with santol (cotton fruit). All adaptations and translations were approved and
implemented by the NIH Toolbox development team.

Procedure

Main study. Participants were assessed by a trained field worker over a two-hour period,
the survey instruments included cognitive assessments, and interviewer administered ques-
tionnaires. The cognitive assessments comprised three EF-focused assessments from the NIH
Toolbox cognitive battery, administered using an iPad. In addition, measures of processing
speed and non-verbal IQ were also administered as fluid intelligence and processing speed are
closely related to EF. All cognitive assessments were conducted at the start of the session, to
prevent fatigue. The tasks were administered in Spanish in Guatemala, in Cebuano in the Phil-
ippines and English in South Africa.

All field workers were recruited locally and completed training in administration of cogni-
tive assessments before the start of the study and refresher training halfway through data col-
lection. The educational backgrounds of the field teams range from secondary school
education to master’s degrees in psychology. Regular observations were carried out to ensure
fidelity and quality control across sites.

Written consent was obtained from all participants before the assessment began. Ethics
clearance for the study was obtained from the institutional review boards of Emory University,
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Atlanta, USA; INCAP, Guatemala City, Guatemala; University of San Carlos, Cebu, Philip-
pines; University of the Witwatersrand, Johannesburg, South Africa and the University of
Oxford.

Test retest study. Participants completed the same assessments as the participants in the
main study, however the test-retest study participants completed the assessments on multiple
occasions. Participants were seen by the same field worker at each time point. In Guatemala
and Philippines, the tasks were administered twice, on two different days (Guatemala mean
interval: 21 days, range: 17-23 days; Philippines mean interval: 8 days, range: 7-17 days). In
South Africa, the tasks were administered three times, on three different days (Mean interval
T1-T2: 57 days, range: 2-191 days; Mean Interval T2-T3: 14 days, range: 13-21 days).

Measures

Executive function measures. NIH Toolbox Flanker inhibitory control and attention [30].
The Flanker task measures inhibition and attentional control by asking participants to attend
to target stimuli, whilst inhibiting information irrelevant to the task goals. During each trial,
participants are presented with a row of five arrows and asked to indicate the direction of the
middle arrow, by selecting an icon pointing in the correct direction. Participants complete 20
trials in total; twelve congruent trials (the flanking arrows all point in the same direction as the
middle arrow) and eight incongruent trials (the flanking arrows point in the opposite direction
to the middle arrow). Accuracy and reaction time are both recorded. The NIH Toolbox uses a
two-vector algorithm which integrates accuracy and reaction time scores, to create a computed
score.

NIH Toolbox Dimensional Change Card Sort (DCCS) [30]. The DCCS task measures cogni-
tive flexibility and attention by asking participants to switch between matching pictures by col-
our and matching pictures by shape. Participants are given a cue before each trial, to indicate if
they should match by colour or shape. Participants complete 30 test trials, which comprise 23
repeat trials and 7 switch trials. Accuracy and reaction time are recorded for all trials. The
same two-vector algorithm, which integrates accuracy and reaction time scores, is used for the
DCCS task to create a computed score.

NIH Toolbox List Sorting working memory [30]. Working memory was measured through
the NIH Toolbox List Sorting task. During this task, participants are presented aurally and
visually with lists of either foods, animal or both. They are asked to recall lists, in size order
from smallest to largest. The number of correctly recalled lists is summed to create a total
score, the maximum score for this task is 26. Participants respond orally, and answers are
recorded as correct or incorrect by the examiner.

Additional measures. Processing speed: NIH Toolbox pattern comparison processing speed
test [30]. The Pattern Comparison Task measures processing speed by asking participants to
make quick judgements about whether two stimuli are the same. If the stimuli are the same,
the participant responds by pressing the “yes” icon; if the pictures are not the same, they press
the “no” icon. The total score comprises the number of correct trials participants are able to
complete within 90 seconds (maximum 130).

Fluid intelligence: Raven’s Standard Progressive Matrices [31]. Participants also completed
the Raven’s Standard Progressive Matrices, a measure of fluid intelligence. Participants are
presented with a pattern, for which there is a piece missing. Participants are asked to select
which piece completes the pattern from a number of options below the pattern. The testing
booklet comprises five sections (A-E), which increase in difficulty. In Philippines and South
Africa, participants were asked to complete as many problems as they could in 30 minutes
(Maximum score 60). In Guatemala, only section A-C were administered (maximum score
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36), as previous studies with the Guatemala cohort indicated participants rarely progressed
past section C.

Schooling: Highest grade attained. In each cohort, self-reported information regarding
schooling was collected, which was defined here as the highest grade attained.

Analysis

Data completeness are reported as an indicator of the feasibility of participants completing all of
the assessment. Large numbers of missing data may indicate barriers to completing the assess-
ments, which may impact the extent to which these measures can reliably measure EF in LMICs.

Given the uncertainty in the degree to which the unitary model of EF represented by the lit-
erature in HICs [1, 12] would be applicable in LMICs, we first pooled data across the sites and
conducted an exploratory factor analysis using scores on the Flanker (Inhibition), DCCS (Cog-
nitive Flexibility) and List Sorting (Working Memory) tasks, which index executive function.
We used parallel analysis to inform the number of factors in the EFA. Using the factor struc-
ture identified in the EFA, we conducted a confirmatory factor analysis and used full informa-
tion maximum likelihood to estimate model parameters while accounting for missing data.
We considered chi-square >0.05, root mean squared residual (RMSEA) <0.05, comparative
fit index (CFI) >0.95, Tucker Lewis Index (TLI) >0.95, and standardized root mean square
residual (SRMR) <0.08 indicators of good model fit [32]. The CFA model was assessed for
weak invariance by site using a chi-square test and examining change in CFI (<0.01) and
RMSEA (<0.015). The factor loadings were not invariant by site; therefore, we repeated the
EFA and CFA procedures by site to identify site-specific latent EF structures. Factor scores
from the site-specific EF models were generated.

We explored the relationship between an EF latent factor score, and non-verbal IQ, pro-
cessing speed and schooling, through Pearson correlation analysis. To further investigate the
reliability of the NIH Toolbox, practice effects were evaluated using t-tests and effect sizes.
Cohens d effect sizes are reported as an indication of the magnitude of practice effects and
interpreted as 0.2 being a small effect, 0.5 a moderate effect and 0.8 a large effect [33]. Finally,
test-retest reliability was evaluated using Intraclass correlation. Intra-class correlation coeffi-
cients interpreted as: <0.5 poor, 0.50-0.75 moderate, 0.75-0.90 good and above 0.90 excellent
test-retest reliability [34].

Results
Main study

Across the three sites, EF and additional cognitive data were available for over 98% of partici-
pants, with over 95% of these participants completing all five assessments. The primary reasons
for failure to complete individual tests were technical issues, and failure to pass beyond the
practice trials. Means and SD of the scores of completed tests are provided in Table 1.

Correlations between executive function measures. As demonstrated by Table 2 mea-
sures of Inhibition (Flanker), cognitive flexibility (DCCS) and working memory (List Sort)
were all significantly correlated with each other in each site.

Factor analysis: A single EF factor. The parallel analysis of inhibition, flexibility, and
working memory scores suggested a single factor best fit the data. We specified an EFA with
one latent factor and advanced this solution to a CFA. A single latent factor with three indica-
tors is just-identified and therefore has perfect fit, limiting the utility of traditional fit indices
and modification indices to improve model fit. Weak invariance by site could not be estab-
lished (see Table 3). Following this we then repeated the EFA and CFA analyses by site, devel-
oping a latent factor structure of EF for each site. The results of the EFA and CFA within each
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Table 1. Means scores (SD) for each measure, in each cohort.

Assessment Guatemala Philippines South Africa
(N =1247) (n=1327) (n=1327)
N Mean (SD) N Mean (SD) N Mean (SD)
Executive Function Inhibition 1213 5.56 (1.19) 1327 7.48 (1.08) 1327 7.43 (1.11)
(Flanker Computed Score)
Cognitive Flexibility 1223 5.26 (1.97) 1327 7.53 (1.29) 1327 7.52 (1.18)
(DCCS Computed score)
Working Memory 1200 12.06 (3.78) 1284 14.43 (3.68) 1306 14.72 (3.20)
(List Sort raw score)
Additional Measures Processing Speed 1240 31.59 (8.56) 1326 39.43 (7.56) 1327 41.80 (7.78)
(Pattern Comparison raw score)
Fluid Intelligence 1212 16.40 (5.59) 1327 32.15 (11.30) 1310 37.00 (9.82)
(RSPM raw score)
Schooling 1244 5(4) 1325 11 (3) 1303 12 (1)
(highest grade)

Note: Guatemala only administered Raven’s A-C (Max score = 36), Philippines and South Africa administered A-E (Max score = 60). RSPM: Raven’s Standard
Progressive Matrices; DCCS: Dimensional Change Card Sorting.

https://doi.org/10.1371/journal.pone.0242936.t001

site were consistent with the pooled analysis; covariances between the inhibition, flexibility,
and working memory measures were best described by a single latent of EF. In site-specific
models in Guatemala the one factor model had an eigen value of 1.50 and accounted for 50%
of the variance in factor score. In the Philippines the one factor model had an eigen value of
1.37 and accounted for 46% of the variance in factor score. In South Africa the one factor
model had an eigen value of 1.26 and accounted for 42% of the variance in factor score. See Fig
1 for the factor loadings in each country.

Correlating EF with other cognitive and schooling measures. We next explored how the
EF factor score related to the other cognitive measures and schooling. The EF factor score was
significantly correlated with speed of processing, non-verbal IQ and schooling, for all three
sites (see Table 4).

Test- retest reliability study

The following analyses used participants who were not part of the main cohort in Guatemala
and Philippines, and who were not included in the above factor analyses. In South Africa, Bt20
+ cohort participants were used for the test-retest study and their T1 data was included in the
above analysis.

Table 2. Correlations between each measure across each site.

Country Measure Flanker DCCS
Guatemala DCCS 0.54** 1
List Sort 0.41%* 0.48**
Philippines DCCS 0.57** 1
List Sort 0.32** 0.36**
South Africa DCCS 0.54** 1
List Sort 0.29%* 0.32%*
**p<0.001.

https://doi.org/10.1371/journal.pone.0242936.t1002
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Table 3. Measurement invariance by site.

Model x>

Pooled Sample 0.00
1. configural 0.00
2. loadings 34.42

https://doi.org/10.1371/journal.pone.0242936.t003

(1a) Guatemala

Inhibition
(Flanker)

Cogpnitive Flexibility
(DCCS)

Working Memory
(List Sort)

df P>

Executive
Function

CFI

ACFI RMSEA ARMSEA BIC

-- 1.00 -- 0.00 -- 46590
-- 1.00 -- 0.00 -- 44055
<0.01 0.99 0.014 0.077 0.077 44056

Practice effects. Guatemala. Participants from the Guatemala sample exhibited better
performance during the retest session than the first test session across all tasks (See Table 5 for
means). There were small significant practice effects between T1 and T2 for all tasks (see
Table 5).

Philippines. Within the Philippines sample, participants performed better during the retest
than during the initial test (see Table 6 for means). There were small significant practice effects
between T1 and T2 for the DCCS and Raven’s Progressive Matrices. There were small but
non-significant practice effects between T1 and T2 for The Flanker computed score, List Sort
and Pattern Comparison.

South Africa. There were small significant practice effects between T1 and T2 for The
Flanker computed score, and List Sort. In addition, small non-significant practice effects were
observed between T1 and T2 for the DCCS, Pattern comparison, and Raven’s Standard Pro-
gressive Matrices (see Table 7 for means).

There were small significant practice effects between T2 and T3 for the Pattern comparison
and small non-significant practice effects between T2 and T3 for the Flanker, DCCS, List sort
and Raven’s Standard Progressive Matrices (see Table 7 for means).

Test-retest reliability. Next, we considered test-retest reliability of each of the measures
through Intraclass correlation analysis. As demonstrated by Table 8, a high degree of reliability
was observed for all measures across all three countries. However, there were a couple of

(1b) Philippines

(1c) South Africa

Inhibition
(Flanker)

Inhibition
(Flanker)

Executive
Function

Executive

Cognitive Flexibility Function

(bces)

Cognitive Flexibility
(DCCSs)

Working Memory
(List Sort)

Working Memory
(List Sort)

(1d) Pooled

Inhibition
(Flanker)

Executive

Cognitive Flexibility e i

(Dces)

Working Memory
(List Sort)

Fig 1. Unstandardized Factor loadings of each variable for (a) Guatemala (b) Philippines (c) South Africa and (d) pooled.
https://doi.org/10.1371/journal.pone.0242936.9001
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Table 4. Correlation between each country’s Executive Function (EF) factor scores and other cognitive measures and schooling.

Processing Speed

(NIH Pattern comparison)
Fluid Intelligence

(Raven’s Progressive Matrices)
Schooling

(Highest Grade)

“p<0.01.

https://doi.org/10.1371/journal.pone.0242936.1004

Guatemala Philippines South Africa
EF Factor Score EF Factor Score EF factor score
0.57* 0.43* 0.48*
0.58* 0.52* 0.49*
0.55* 0.47* 0.29*

exceptions to this. In the Philippines sample the ICC for the DCCS task was borderline poor-
moderate at 0.48, however this lower ICC was mainly driven by one outlier, which when
removed changed the ICC to 0.66 (CI = 0.40-0.82), indicating moderate reliability. In addi-
tion, within the South African sample the List sorting task was borderline poor-moderate for
T1-T2, however again this low ICC was driven by an outlier, which when removed increased
the ICC to within the moderate range at 0.59 (CI = 0.35-0.76).

Discussion

We aimed to explore the feasibility, validity and reliability of EF assessments by exploring fac-
tor structure, relationships with other cognitive indices and test-retest reliability of EF mea-
sures in three large and diverse low- and middle-income birth cohorts, varying in language,
age and culture. Our findings indicate a similar factor structures for each of the three cohorts.
In addition, EF factor scores were significantly associated with other measures of cognition as
well as schooling; and good test-retest reliability was observed, providing support for the use of
these measures cross-culturally.

The factor analysis indicates that, despite cultural and linguistic differences, all three EF
measures robustly map onto one factor for all three cohorts. Thus providing support for
Miyake’s unitary model of EF [1]. Of note, factor loadings were significantly different by site.
In large cross-cultural samples such as ours, we would expect some level of statistically signifi-
cant differences across sites because of language, age, ethnicity and other cultural factors.
What is interesting is that, despite these differences, we see similarities in model fit and the
measures still hang together as one factor in each site. Our findings serve the very useful pur-
pose of assessing the structure of EF in three large non-WEIRD samples. This is important,
given the increasing awareness that cognitive models cannot be tested exclusively in high
income countries, and therefore possibly do not generalise to the majority of the world popula-
tion [13].

Table 5. Mean (SD) for assessment scores over time for Guatemala.

Guatemala

Flanker Computed Score
DCCS Computed Score
List Sort Raw Score
Pattern Comparison

Raven’s Progressive Matrices

https://doi.org/10.1371/journal.pone.0242936.t005

Mean T1 Mean T2 t P d
(n=45) (n =45)
6.02 (1.27) 6.53 (1.28) 5.11 <0.001 0.40
5.86 (2.09) 6.30 (1.88) 3.08 <0.01 0.22
13.50 (4.08) 14.47 (4.26) 2.25 <0.05 0.23
34.64 (10.28) 36.82 (9.10) 2.77 <0.05 0.02
16.37 (5.99) 17.49 (6.81) 2.21 <0.05 0.17

PLOS ONE | https://doi.org/10.1371/journal.pone.0242936 November 30, 2020

9/14


https://doi.org/10.1371/journal.pone.0242936.t004
https://doi.org/10.1371/journal.pone.0242936.t005
https://doi.org/10.1371/journal.pone.0242936

PLOS ONE

Executive function in LMICs

Table 6. Mean (SD) for assessment scores over time for Philippines.

Philippines

Flanker Computed Score
DCCS Computed Score
List Sort Raw Score
Pattern Comparison

Raven’s Progressive Matrices

https://doi.org/10.1371/journal.pone.0242936.t006

Mean (SD) T1 Mean (SD) T2 t P d
(n=32) (n=32)
7.50 (0.99) 7.66 (0.89) 1.49 0.145 0.17
7.39 (1.34) 7.82 (0.79) 2.32 <0.05 0.39
13.42 (4.66) 14.48 (4.84) 1.73 0.095 0.34
39.25 (9.43) 41.41 (8.60) 1.70 0.099 0.28
27.81 (11.79) 31.19(12.40) 3.23 <0.01 0.23

Given the sparsity of studies exploring EF measurement in LMICs [18], our findings pro-
vide crucial evidence that these tasks reliably measure EF across multiple and very different
contexts cross-culturally. This EF factor score was also significantly associated with speed of
processing, and fluid intelligence, which is consistent with data from HICs [22-25].

Furthermore, a key strength of this study is the significant association between the EF factor
score and schooling. This was consistently observed for all three cohorts, supporting the
notion that EF and schooling are strongly related [2-6, 14-16] and that these measures trans-
late very well across LMICs. Longitudinal studies of EF and schooling indicate that EF are
important components for academic achievement [3, 14-16]. We were not able to establish
the causal relationship between EF and schooling through the current study, as EF data was
collected for the first time in adulthood. Further longitudinal studies exploring the relation-
ships between childhood EF, schooling, and adult EF would provide interesting insights into
the influence of early EF on adult outcomes and may help inform interventions.

The development of executive function can be both positively and negatively affected by the
environment within which a person grows up [35]. For individuals in LMICs, where rates of
poverty and adverse childhood experiences are significantly higher [11], having robust mea-
sures of EF, that relate to key indicators of achievement, can enable researchers to fully capture
the pathways to successful adult outcomes and thereby inform policy.

The EF measures showed good reliability in all three countries, demonstrating the robust-
ness of these measures in LMIC settings. Although some small practice effects were observed,
this is not unexpected, given the relatively short period of time between tests and retest.

These findings are also in line with the NIH validation study, which reports small significant
practice effects in US populations [19]. However, this does suggest that studies using NIH
Toolbox assessments for multiple assessments should consider adjusting for such effects and
/or intervals between sessions.

Table 7. Mean (SD) for assessment scores over time for South Africa.

South Africa Mean T1 Mean T2 Mean T3 Time t P d
(n=43) (n=43) (n=30) Point

Flanker Computed Score 7.35(1.16) 7.61 (0.95) 7.87 (0.83) T1-T2 2.11 <0.05 0.24
T2-T3 1.98 0.058 0.29

DCCS Computed Score 7.62 (0.89) 7.61 (7.74) 7.85 (0.63) T1-T2 20.12 0.903 0.00
T2-T3 2.04 0.051 0.04

List Sort Raw Score 13.84 (3.21) 14.74 (2.67) 14.93 (3.43) T1-T2 2.03 <0.05 0.30
T2-T3 0.59 0.559 0.06

Pattern Comparison 40.91 (6.92) 42.67 (8.44) 46.97 (7.38) T1-T2 1.73 0.091 0.04
T2-T3 6.03 <0.001 0.29

Raven’s Progressive Matrices 33.41 (11.07) 37.19 (8.99) 35.24 (12.55) T1-T2 1.58 0.123 0.37
T2-T3 -0.28 0.780 -0.18

https://doi.org/10.1371/journal.pone.0242936.t007
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Table 8. Intraclass Correlation Coefficients (ICC) with 95% confidence intervals between time points for each measure.

Flanker Computed Score
Guatemala 0.76
(0.61-0.86)
Philippines 0.79
(0.61-0.89)
South Africa 0.68
T1-T2 (0.48-0.81)
South Africa 0.76
T2-T3 (0.55-0.88)

DCCS Computed Score List Sorting Pattern Comparison Raven’s Progressive Matrices

0.80 0.71 0.90 0.86

(0.66-0.88) (0.52-0.83) (0.83-0.95) (0.75-0.92)
0.48 0.62 0.67 0.85

(0.17-0.71) (0.34-0.80) (0.43-0.82) (0.71-0.92)
0.64 0.48 0.61 0.69

(0.43-0.79) (0.22-0.68) (0.38-0.77) (0.47-0.83)
0.60 0.59 0.79 0.81

(0.32-0.79) (0.30-0.78) (0.61-0.89) (0.64-0.91)

Note: ICC: <0.50 poor, 0.50-0.75 moderate, 0.75-0.90 good and >0.90 excellent.

https://doi.org/10.1371/journal.pone.0242936.t008

The observed practice effects could be due to a number of reasons, such as increased famil-
iarity with the goals of the test, or familiarity with the testing equipment. The latter, in particu-
lar, may have been a factor in the current study. Although the cohorts have been participating
in research throughout their lives and are familiar with research testing, many of the partici-
pants in the Guatemala cohort do not regularly use smartphones or tablets, so completing
tasks on an iPad was a novel activity for them. As a result, some participants may have felt
more confident in using a tablet to complete the tasks on the second assessment. However, we
also report high percentages of participants completing all of the tablet-based EF assessments,
suggesting even minimal practice with tablets was not a barrier to completing assessments the
first-time round.

Minor adaptations were made to the NIH Toolbox EF tasks to make them culturally appro-
priate for each of the cohorts. For example, in Guatemala pumpkin stimuli was substituted
with papaya, as pumpkins are not native to Guatemala. Substitutions such as these ensure that
tasks are culturally appropriate, and participants are not disadvantaged by complete tasks with
unfamiliar stimuli. Although we were not able to directly measure the impact of these adapta-
tions on test performance, it is possible that such adaptations contributed to the observation
that these tasks measured the same underlying construct in each country. Future research, fur-
ther exploring the use of the NIH Toolbox EF assessments in LMICs, is needed to determine
the extent to which cultural adaptations are necessary in different countries to ensure that the
tasks continue to assess the same underlying mechanisms cross-culturally.

Through this study, we also demonstrate that this battery of EF assessments can be adminis-
tered in LMICs by local field teams. Whilst the local field teams were trained in the administra-
tion of cognitive assessments, these teams had not previously received any specialist training.
This highlights that, under the supervision of a local psychologist, these tasks can be adminis-
tered by non-specialist research staff, making them more feasible to employ in low-income set-
tings, overcoming some of the difficulties previously highlighted for other tools that require
in-depth training (see Semrud-Clikeman et al., 2017). This supports similar task shifting pro-
grams used in mental health research, which demonstrate that the use of non-specialist staff is
effective in mental health treatment in LMICS [36] and help reduce the impact of shortages in
specialists in LMICs [37, 38].

In summary, when using adapted versions of the NIH Toolbox executive function mea-
sures, we observed similar factor structures in all three LMICs, in addition to good test-retest
reliability. Furthermore, the EF measures appear to be related to non-verbal IQ, processing
speed and also schooling. We demonstrate that these tasks can be successfully administered by
local, non-specialist field teams, making them a feasible option for low-income settings. Given
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that the three cohorts come from three different continents, with three very different cultural
and socio-economic backgrounds, and speak three different languages, these findings have
huge implications for the assessment of EF in general and the use of the NIH Toolbox in par-
ticular across different countries, cultures and continents.

Acknowledgments

We would like to thank all of the participants in this study. With thanks to all members of the
COHORTS Group. Additional members of the COHORTS group include:

Pelotas Birth Cohorts: Fernando C Barros, Fernando P Hartwig, Bernardo L Horta, Ana
M B Menezes, Joseph Murray, Fernando C Wehrmeister, Cesar G Victora; Birth to Twenty
Plus: Shane A Norris, Lukhanyo Nyati; New Delhi Birth Cohort: Santosh K Bhargava, Caro-
line HD Fall, Clive Osmond, Harshpal Singh Sachdev; INCAP Nutrition Supplementation
Trial Longitudinal Study: Maria F. Kroker-Lobos, Reynaldo Martorell, Manuel Ramirez-Zea;
Cebu Longitudinal Health and Nutrition Survey: Linda S Adair, Isabelita Bas, Delia Carba,
Tita Lorna Perez.

Author Contributions

Conceptualization: Charlotte Wray, Alysse Kowalski, Feziwe Mpondo, Laura Ochaeta, Delia
Belleza, Ann DiGirolamo, Rachel Waford, Linda Richter, Nanette Lee, Gaia Scerif, Aryeh
D. Stein, Alan Stein.

Formal analysis: Charlotte Wray, Alysse Kowalski.
Funding acquisition: Linda Richter, Nanette Lee, Aryeh D. Stein, Alan Stein.
Investigation: Alan Stein.

Methodology: Charlotte Wray, Alysse Kowalski, Feziwe Mpondo, Laura Ochaeta, Delia
Belleza, Ann DiGirolamo, Rachel Waford, Linda Richter, Nanette Lee, Gaia Scerif, Aryeh
D. Stein, Alan Stein.

Project administration: Charlotte Wray, Feziwe Mpondo, Laura Ochaeta.
Supervision: Linda Richter, Nanette Lee, Gaia Scerif, Aryeh D. Stein, Alan Stein.
Validation: Charlotte Wray.

Visualization: Charlotte Wray, Alysse Kowalski.

Writing - original draft: Charlotte Wray.

Writing - review & editing: Charlotte Wray, Alysse Kowalski, Feziwe Mpondo, Laura
Ochaeta, Delia Belleza, Ann DiGirolamo, Rachel Waford, Linda Richter, Nanette Lee, Gaia
Scerif, Aryeh D. Stein, Alan Stein.

References

1. Miyake A, Friedman NP, Emerson MJ, Witzki AH, Howerter A, Wager TD. The Unity and Diversity of
Executive Functions and Their Contributions to Complex “Frontal Lobe” Tasks: A Latent Variable Analy-
sis. Cogn Psychol [Internet]. 2000; 41(1):49-100. Available from: https://doi.org/10.1006/cogp.1999.
0734 PMID: 10945922

2. Diamond A. Executive Functions. Annu Rev Psychol [Internet]. 2013 Jan 3 [cited 2019 Nov 1]; 64
(1):135-68. Available from: http://www.annualreviews.org/doi/10.1146/annurev-psych-113011-143750

3. Blair C, Razza RP. Relating effortful control, executive function, and false belief understanding to
emerging math and literacy ability in kindergarten. Child Dev. 2007 Mar; 78(2):647—63. https://doi.org/
10.1111/j.1467-8624.2007.01019.x PMID: 17381795

PLOS ONE | https://doi.org/10.1371/journal.pone.0242936 November 30, 2020 12/14


https://doi.org/10.1006/cogp.1999.0734
https://doi.org/10.1006/cogp.1999.0734
http://www.ncbi.nlm.nih.gov/pubmed/10945922
http://www.annualreviews.org/doi/10.1146/annurev-psych-113011-143750
https://doi.org/10.1111/j.1467-8624.2007.01019.x
https://doi.org/10.1111/j.1467-8624.2007.01019.x
http://www.ncbi.nlm.nih.gov/pubmed/17381795
https://doi.org/10.1371/journal.pone.0242936

PLOS ONE

Executive function in LMICs

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Morrison FJ, Ponitz CC, McClelland MM. Self-regulation and academic achievement in the transition to
school. In: Child development at the intersection of emotion and cognition. American Psychological
Association; 2010. p. 203—-24.

Borella E, Carretti B, Pelegrina S. The Specific Role of Inhibition in Reading Comprehension in Good
and Poor Comprehenders. J Learn Disabil. 2010 Nov; 43(6):541-52. https://doi.org/10.1177/
0022219410371676 PMID: 20606207

Duncan GJ, Dowsett CJ, Claessens A, Magnuson K, Huston AC, Klebanov P, et al. School Readiness
and Later Achievement. Dev Psychol. 2007 Nov; 43(6):1428—46. https://doi.org/10.1037/0012-1649.
43.6.1428 PMID: 18020822

Bailey CE. Cognitive accuracy and intelligent executive function in the brain and in business. Vol. 1118,
Annals of the New York Academy of Sciences. Blackwell Publishing Inc.; 2007. p. 122—41. hitps://doi.
org/10.1196/annals.1412.011 PMID: 17717092

Brown TE, Landgraf JM. Improvements in executive function correlate with enhanced performance and
functioning and health-related quality of life: Evidence from 2 large, double-blind, randomized, placebo-
controlled trials in ADHD. Postgrad Med. 2010; 122(5):42-51. https://doi.org/10.3810/pgm.2010.09.
2200 PMID: 20861587

Davis JC, Marra CA, Najafzadeh M, Liu-Ambrose T. The independent contribution of executive func-
tions to health related quality of life in older women. BMC Geriatr. 2010; 10. https://doi.org/10.1186/
1471-2318-10-16 PMID: 20359355

Spinazzola J, Ford JD, Zucker M, Van Der Kolk BA, Silva S, Smith SF, et al. Survey evaluates: Complex
trauma exposure outcome, and intervention among children and adolescents. Vol. 35, Psychiatric
Annals. Slack Incorporated; 2005. p. 433-9.

Blum RW, Li M, Naranjo-Rivera G. Measuring Adverse Child Experiences Among Young Adolescents
Globally: Relationships With Depressive Symptoms and Violence Perpetration. J Adolesc Heal. 2019
Jul 1; 65(1):86-93. https://doi.org/10.1016/j.jadohealth.2019.01.020 PMID: 30930089

Miyake A, Friedman NP. The Nature and Organization of Individual Differences in Executive Functions.
Curr Dir Psychol Sci [Internet]. 2012 Feb [cited 2019 Dec 4]; 21(1):8—-14. Available from: https://doi.org/
10.1177/0963721411429458 PMID: 22773897

Henrich J, Heine SJ, Norenzayan A. Most people are not WEIRD. Vol. 466, Nature. Nature Publishing
Group; 2010. p. 29. https://doi.org/10.1038/466029a PMID: 20595995

Blair C, Diamond A. Biological processes in prevention and intervention: The promotion of self-regula-
tion as a means of preventing school failure. Dev Psychopathol [Internet]. 2008 [cited 2020 Aug 21]; 20
(3):899-911. Available from: /pmc/articles/PMC2593474/?report = abstract https://doi.org/10.1017/
S0954579408000436 PMID: 18606037

Miller M, Hinshaw SP. Does childhood executive function predict adolescent functional outcomes in
girls with ADHD? J Abnorm Child Psychol. 2010 Apr; 38(3):315-26. https://doi.org/10.1007/s10802-
009-9369-2 PMID: 19960365

van der Sluis S, de Jong PF, van der Leij A. Executive functioning in children, and its relations with rea-
soning, reading, and arithmetic. Intelligence [Internet]. 2007 [cited 2020 Aug 21]; 35(5):427—49. Avail-
able from: https://www.sciencedirect.com/science/article/pii/S0160289606001103?casa_token=
URUZag9ezrgAAAAA:Sx4YhhgdGi50G-v__
zgZ0CndkPuYhC5DbmSQUXfyduBRjaBsyt60rhCi7kAmIFzgnONYBNR_dgA

Semrud-Clikeman M, Romero RAA, Prado EL, Shapiro EG, Bangirana P, John CC. Selecting measures
for the neurodevelopmental assessment of children in low- and middle-income countries. Vol. 23, Child
Neuropsychology. Routledge; 2017. p. 761-802. https://doi.org/10.1080/09297049.2016.1216536
PMID: 27609060

Nyongesa MK, Ssewanyana D, Mutua AM, Chongwo E, Scerif G, Newton CRJC, et al. Assessing exec-
utive function in adolescence: A scoping review of existing measures and their psychometric robust-
ness. Vol. 10, Frontiers in Psychology. Frontiers Media S.A.; 2019. https://doi.org/10.3389/fpsyg.2019.
00311 PMID: 30881324

Weintraub S, Dikmen SS, Heaton RK, Tulsky DS, Zelazo PD, Slotkin J, et al. The cognition battery of
the NIH toolbox for assessment of neurological and behavioral function: Validation in an adult sample. J
Int Neuropsychol Soc. 2014; 20(6):567—78. https://doi.org/10.1017/S1355617714000320 PMID:
24959840

Weintraub S, Dikmen SS, Heaton RK, Tulsky DS, Zelazo PD, Bauer PJ, et al. Cognition assessment
using the NIH Toolbox. Neurology [Internet]. 2013 Mar 12 [cited 2019 Mar 28]; 80(11 Suppl 3):S54-64.
Available from: http://www.neurology.org/cgi/doi/10.1212/WNL.0b013e3182872ded

Victorson D, Manly J, Wallner-Allen K, Fox N, Purnell C, Hendrie H, et al. Using the NIH Toolbox in spe-
cial populations: Considerations for assessment of pediatric, geriatric, culturally diverse, non-English-
speaking, and disabled individuals. Neurology [Internet]. 2013 [cited 2019 Apr 16]; 80(Issue 11,

PLOS ONE | https://doi.org/10.1371/journal.pone.0242936 November 30, 2020 13/14


https://doi.org/10.1177/0022219410371676
https://doi.org/10.1177/0022219410371676
http://www.ncbi.nlm.nih.gov/pubmed/20606207
https://doi.org/10.1037/0012-1649.43.6.1428
https://doi.org/10.1037/0012-1649.43.6.1428
http://www.ncbi.nlm.nih.gov/pubmed/18020822
https://doi.org/10.1196/annals.1412.011
https://doi.org/10.1196/annals.1412.011
http://www.ncbi.nlm.nih.gov/pubmed/17717092
https://doi.org/10.3810/pgm.2010.09.2200
https://doi.org/10.3810/pgm.2010.09.2200
http://www.ncbi.nlm.nih.gov/pubmed/20861587
https://doi.org/10.1186/1471-2318-10-16
https://doi.org/10.1186/1471-2318-10-16
http://www.ncbi.nlm.nih.gov/pubmed/20359355
https://doi.org/10.1016/j.jadohealth.2019.01.020
http://www.ncbi.nlm.nih.gov/pubmed/30930089
https://doi.org/10.1177/0963721411429458
https://doi.org/10.1177/0963721411429458
http://www.ncbi.nlm.nih.gov/pubmed/22773897
https://doi.org/10.1038/466029a
http://www.ncbi.nlm.nih.gov/pubmed/20595995
https://doi.org/10.1017/S0954579408000436
https://doi.org/10.1017/S0954579408000436
http://www.ncbi.nlm.nih.gov/pubmed/18606037
https://doi.org/10.1007/s10802-009-9369-2
https://doi.org/10.1007/s10802-009-9369-2
http://www.ncbi.nlm.nih.gov/pubmed/19960365
https://www.sciencedirect.com/science/article/pii/S0160289606001103?casa_token=URUZag9ezrgAAAAA:Sx4YhhgdGi50G-v__zgZ0CndkPuYhC5DbmSQUXfyduBRjaBsyt60rhCi7kAmlFzqn0NYBNR_dqA
https://www.sciencedirect.com/science/article/pii/S0160289606001103?casa_token=URUZag9ezrgAAAAA:Sx4YhhgdGi50G-v__zgZ0CndkPuYhC5DbmSQUXfyduBRjaBsyt60rhCi7kAmlFzqn0NYBNR_dqA
https://www.sciencedirect.com/science/article/pii/S0160289606001103?casa_token=URUZag9ezrgAAAAA:Sx4YhhgdGi50G-v__zgZ0CndkPuYhC5DbmSQUXfyduBRjaBsyt60rhCi7kAmlFzqn0NYBNR_dqA
https://doi.org/10.1080/09297049.2016.1216536
http://www.ncbi.nlm.nih.gov/pubmed/27609060
https://doi.org/10.3389/fpsyg.2019.00311
https://doi.org/10.3389/fpsyg.2019.00311
http://www.ncbi.nlm.nih.gov/pubmed/30881324
https://doi.org/10.1017/S1355617714000320
http://www.ncbi.nlm.nih.gov/pubmed/24959840
http://www.neurology.org/cgi/doi/10.1212/WNL.0b013e3182872ded
https://doi.org/10.1371/journal.pone.0242936

PLOS ONE

Executive function in LMICs

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

Supplement 3):S13-9. Available from: https://n.neurology.org/content/80/11_Supplement_3/S13.
short?casa_token=4N8pb8vYYnkAAAAA:ArmFD4RtRie2kctl5v_Hnt690a82wixA-Wwp5aj_
KXsl94RuOT5_6aUb1ikAHVMukTcfvK-QKJOAQz4gyOz8

Evans GW, Schamberg MA. Childhood poverty, chronic stress, and adult working memory. Proc Natl
Acad Sci U S A [Internet]. 2009 [cited 2019 Dec 2]; 106(16):6545—-9. Available from: https://www.pnas.
org/content/106/16/6545.short https://doi.org/10.1073/pnas.0811910106 PMID: 19332779

Blair C, Granger DA, Willoughby M, Mills-Koonce R, Cox M, Greenberg MT, et al. Salivary Cortisol
Mediates Effects of Poverty and Parenting on Executive Functions in Early Childhood. Child Dev. 2011
Nov; 82(6):1970-84. https://doi.org/10.1111/j.1467-8624.2011.01643.x PMID: 22026915

Clark CAC, Nelson JM, Garza J, Sheffield TD, Wiebe SA, Espy KA. Gaining control: Changing relations
between executive control and processing speed and their relevance for mathematics achievement
over course of the preschool period. Front Psychol. 2014; 5(FEB). https://doi.org/10.3389/fpsyg.2014.
00107 PMID: 24596563

Ribner A, Moeller K, Willoughby M, Blair C. Cognitive Abilities and Mathematical Competencies at
School Entry. Mind, Brain, Educ. 2018 Dec 1; 12(4):175-85. https://doi.org/10.1111/mbe.12160 PMID:
30906422

Stein AD, Melgar P, Hoddinott J, Martorell R. Cohort profile: The institute of nutrition of central America
and Panama (INCAP) nutrition trial cohort study. Int J Epidemiol [Internet]. 2008 [cited 2019 Mar 28]; 37
(4):716-20. Available from: https://academic.oup.com/ije/article-abstract/37/4/716/734720 https://doi.
org/10.1093/ije/dyn028 PMID: 18285366

Adair LS, Popkin BM, Akin JS, Guilkey DK, Gultiano S, Borja J, et al. Cohort profile: The cebu longitudi-
nal health and nutrition survey. Int J Epidemiol [Internet]. 2011 [cited 2019 Mar 28]; 40(3):619-25. Avail-
able from: https://academic.oup.com/ije/article-abstract/40/3/619/739357 https://doi.org/10.1093/ije/
dyq085 PMID: 20507864

Richter L, Norris S, Pettifor J, Yach D, Cameron N. Europe PMC Funders Group Cohort Profile: Man-
dela ‘s children: The 1990 birth to twenty study in South Africa. Int J Epidemiol [Internet]. 2007 [cited
2019 Mar 28]; 36(3):504—11. Available from: https://academic.oup.com/ije/article-abstract/36/3/504/
653506

NIH Toolbox Cebuano App [Internet]. Glinberg & Associates, Inc; 2018. Available from: https://apps.
apple.com/us/app/nih-toolbox-sa-cebuano/id1264827719

Gershon RC, Wagster M V., Hendrie HC, Fox NA, Cook KF, Nowinski CJ. NIH Toolbox for Assessment
of Neurological and Behavioral Function. Neurology [Internet]. 2013 Mar 12 [cited 2019 Mar 28]; 80
(Issue 11, Supplement 3):S2—6. Available from: http://www.neurology.org/cgi/doi/10.1212/WNL.
0b013e3182872e5f PMID: 23479538

Raven J, Raven J, Court J. Manual for Raven’s Progressive Matrices and Vocabulary Scales. Section
5: The Mill Hill Vocabulary Scale. Oxford, England: Oxford Psychologists Press/San Antonio, TX: The
Psychological Corporation; 1998.

Hu LT, Bentler PM. Fit Indices in Covariance Structure Modeling: Sensitivity to Underparameterized
Model Misspecification. Psychol Methods [Internet]. 1998 [cited 2020 Oct 5]; 3(4):424-53. Available
from: /record/1998-11538-003

Cohen J. Statistical Power Analysis for the Behavioral Sciences [Internet]. Statistical Power Analysis for
the Behavioral Sciences. 1988 [cited 2019 Dec 4]. Available from: https://content.taylorfrancis.com/
books/download?dac=C2010-0-30830-5&isbn=9781134742707 &format=googlePreviewPdf

Koo TK, Li MY. A Guideline of Selecting and Reporting Intraclass Correlation Coefficients for Reliability
Research. J Chiropr Med. 2016 Jun 1; 15(2):155-63. https://doi.org/10.1016/j.jcm.2016.02.012 PMID:
27330520

Marteau TM, Hall PA. Breadlines, brains, and behaviour. BMJ (Online). 2013; 347.

van Ginneken N, Tharyan P, Lewin S, Rao GN, Meera S, Pian J, et al. Non-specialist health worker
interventions for the care of mental, neurological and substance-abuse disorders in low- and middle-
income countries. Vol. 2013, Cochrane Database of Systematic Reviews. John Wiley and Sons Ltd;
2013.

Patel V, Araya R, Chatterjee S, Chisholm D, Cohen A, De Silva M, et al. Treatment and prevention of
mental disorders in low-income and middle-income countries. Lancet [Internet]. 2007 [cited 2020 Jan
22]; 370(9591):991-1005. Available from: https://www.sciencedirect.com/science/article/pii/
S0140673607612409 https://doi.org/10.1016/S0140-6736(07)61240-9 PMID: 17804058

Patel V. The future of psychiatry in low-and middle-income countries [Internet]. Vol. 39, Psychological
Medicine. 2009 [cited 2020 Jan 22]. p. 1759-62. Available from: https://doi.org/10.1017/
s0033291709005224 PMID: 20162837

PLOS ONE | https://doi.org/10.1371/journal.pone.0242936 November 30, 2020 14/14


https://n.neurology.org/content/80/11_Supplement_3/S13.short?casa_token=4N8pb8vYYnkAAAAA:ArmFD4RtRie2kctI5v_Hnt69Oa82wtxA-Wwp5aj_KXsI94RuOT5_6aUb1ikAHvMukTcfvK-QKJ0AQz4gyOz8
https://n.neurology.org/content/80/11_Supplement_3/S13.short?casa_token=4N8pb8vYYnkAAAAA:ArmFD4RtRie2kctI5v_Hnt69Oa82wtxA-Wwp5aj_KXsI94RuOT5_6aUb1ikAHvMukTcfvK-QKJ0AQz4gyOz8
https://n.neurology.org/content/80/11_Supplement_3/S13.short?casa_token=4N8pb8vYYnkAAAAA:ArmFD4RtRie2kctI5v_Hnt69Oa82wtxA-Wwp5aj_KXsI94RuOT5_6aUb1ikAHvMukTcfvK-QKJ0AQz4gyOz8
https://www.pnas.org/content/106/16/6545.short
https://www.pnas.org/content/106/16/6545.short
https://doi.org/10.1073/pnas.0811910106
http://www.ncbi.nlm.nih.gov/pubmed/19332779
https://doi.org/10.1111/j.1467-8624.2011.01643.x
http://www.ncbi.nlm.nih.gov/pubmed/22026915
https://doi.org/10.3389/fpsyg.2014.00107
https://doi.org/10.3389/fpsyg.2014.00107
http://www.ncbi.nlm.nih.gov/pubmed/24596563
https://doi.org/10.1111/mbe.12160
http://www.ncbi.nlm.nih.gov/pubmed/30906422
https://academic.oup.com/ije/article-abstract/37/4/716/734720
https://doi.org/10.1093/ije/dyn028
https://doi.org/10.1093/ije/dyn028
http://www.ncbi.nlm.nih.gov/pubmed/18285366
https://academic.oup.com/ije/article-abstract/40/3/619/739357
https://doi.org/10.1093/ije/dyq085
https://doi.org/10.1093/ije/dyq085
http://www.ncbi.nlm.nih.gov/pubmed/20507864
https://academic.oup.com/ije/article-abstract/36/3/504/653506
https://academic.oup.com/ije/article-abstract/36/3/504/653506
https://apps.apple.com/us/app/nih-toolbox-sa-cebuano/id1264827719
https://apps.apple.com/us/app/nih-toolbox-sa-cebuano/id1264827719
http://www.neurology.org/cgi/doi/10.1212/WNL.0b013e3182872e5f
http://www.neurology.org/cgi/doi/10.1212/WNL.0b013e3182872e5f
http://www.ncbi.nlm.nih.gov/pubmed/23479538
https://content.taylorfrancis.com/books/download?dac=C2010-0-30830-5&isbn=9781134742707&format=googlePreviewPdf
https://content.taylorfrancis.com/books/download?dac=C2010-0-30830-5&isbn=9781134742707&format=googlePreviewPdf
https://doi.org/10.1016/j.jcm.2016.02.012
http://www.ncbi.nlm.nih.gov/pubmed/27330520
https://www.sciencedirect.com/science/article/pii/S0140673607612409
https://www.sciencedirect.com/science/article/pii/S0140673607612409
https://doi.org/10.1016/S0140-6736%2807%2961240-9
http://www.ncbi.nlm.nih.gov/pubmed/17804058
https://doi.org/10.1017/s0033291709005224
https://doi.org/10.1017/s0033291709005224
http://www.ncbi.nlm.nih.gov/pubmed/20162837
https://doi.org/10.1371/journal.pone.0242936

