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Abstract

Children aged 2 to 6 years are in a crucial period of growth development, during which it is

important for them to attain specific cognition related to concentration and attention so that

they can perform well in school later in life. Various factors influence children’s cognition dur-

ing this crucial period. However, to date, only a limited number of studies have examined the

cognitive performance of underprivileged children living in poverty, particularly indigenous

children (also known as Orang Asli children in Malaysia). Therefore, this cross-sectional

study aimed to determine the associations between sociodemographic factors, nutritional

factors (body composition and hemoglobin), and environmental factors (home environment

and parasitic infections) with cognitive performance among Orang Asli children in Negeri

Sembilan, Malaysia. The participants were 269 children (51% boys, 49% girls) aged 2 to 6

years (M = 4.0, SD = 1.2 years) and their mothers, from 14 Orang Asli villages. Face-to-face

interviews were conducted with the mothers, and the children’s cognitive performance,

operationalized as working memory index (WMI), processing speed index (PSI), and cogni-

tive proficiency index (CPI), was assessed using the Wechsler Preschool and Primary

Scale of Intelligence, Fourth Edition (WPPSI-IV). The children’s weight and height were

measured, and their blood and stool samples were collected to assess hemoglobin level

and parasitic infections, respectively. Multiple linear regression analysis showed that the

father’s years of education (β = 0.262–0.342, p < 0.05), availability of learning materials at

home (β = 0.263–0.425, p < 0.05), and responsiveness of the parent to the child (β = 0.192–

0.331, p < 0.05) were consistently associated with all three cognitive indices (WMI, PSI, and

CPI). A holistic approach involving parents, communities, and government agencies should

be established to improve the cognitive performance of these underprivileged children.
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Introduction

An estimated 370 million people or more are classified as Indigenous or Aboriginal people

worldwide [1]. In Malaysia, indigenous people are known as Orang Asli (OA), and they num-

bered approximately 4.4 million in 2015 [2]. Malaysia’s OA consist of 18 ethnic subgroups,

which are divided into three major tribal groups: Semang (Negrito), Senoi, and Proto Malay

(Aboriginal Malay). The OA commonly live in poor environments with an inadequate intake

of energy, have a poor nutritional status, are exposed to high rates of infections such as those

caused by parasites [3], and have specific deficiencies of nutrients including iron and iodine

deficiencies [4,5].

Over the years, the Malaysian government has implemented various programs aimed pri-

marily at improving the quality of life and general welfare of the OA. Examples of these pro-

grams include resettling, increasing income through cash-cropping and commercial activities,

and physical support such as electricity, water supply, roads, houses, and foods [6]. However,

little success has been achieved when OA are compared to other ethnic groups in Malaysia.

Namely, the OA still face poverty as well as poor nutritional and health status, particularly

where young children are concerned [6–8].

Cognition refers to the psychological process of memory, attention, learning, language, rea-

soning, and coordination of motor outputs [9]. Poverty, low socioeconomic status, poor health

status, malnutrition, intestinal parasitic infections, poor home environment, low education

level of parents, and micronutrient deficiencies are among the various factors that may con-

tribute to children’s low cognitive performance [10–15]. These factors are common problems

encountered by indigenous populations. A significant cognitive gap was found between indig-

enous and non-indigenous children due to the higher rate of poor nutritional and health status

among indigenous children [16].

The preschool years represent a critical period for the development of mental processes that

support an effective, goal-oriented approach to learning, particularly working memory and

attention control [17]. These mental processes are often delayed in children growing up in

poverty [18]. Research has shown that working memory and attention control lead to growth

in emergent literacy and numeracy skills during the pre-kindergarten years [17]. Therefore, it

is important to examine the cognitive performance of preschool children, especially indige-

nous children.

Children living in poverty usually experience fewer cognitive encouragements and

enrichments in comparison to children from wealthier backgrounds. Children from low-

income families frequently lack stimulation and the social skills necessary to prepare them

for schooling [19]. For example, low-income parents interact less with their children and

are minimally involved in their education due to unmanageable daily levels of stress [20].

Apart from a poor socioeconomic status, OA children in Malaysia have persistent problems

of malnutrition, low birth weight, and poor iron status [21–23]. There is a concern that

these types of health problems in OA children can negatively affect their cognition and aca-

demic achievement later on.

In Malaysia, no studies have been published on the cognitive performance of OA chil-

dren. Several small-scale studies of OA children have focused on their body weight [8,23],

dietary intake [7], parasitic infections [24], and food security [25]. Yet children need to have

optimal cognitive development in order to prepare them for schooling. Hence, it is neces-

sary to study the determining factors associated with OA children’s cognitive performance.

Identifying factors associated with cognitive performance is crucial to improve health sta-

tus, counter school dropout rates, and improve the academic performance and school atten-

dance of OA children.
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Materials and method

Study population and procedures

This cross-sectional study was conducted with OA children aged 2 to 6 years in the state of

Negeri Sembilan, Malaysia. Two out of the seven districts in Negeri Sembilan, namely, Jempol

(N = 16) and Kuala Pilah (N = 14), were purposely selected because they contain a high num-

ber of OA villages. The researchers approached every one of these villages (N = 30). Only 14

villages agreed to participate in the study. The reasons for not participating included not hav-

ing a leader (Tok Batin) in the village and villagers who were culturally isolated and preferred

not to mix with outsiders.

In the 14 participating villages, all OA children aged 2 to 6 years old were invited to take

part in the study. Children who suffered from chronic illness and those with learning disabili-

ties or developmental delays were excluded. Details of the sampling procedures have been

described elsewhere [26]. The sample size was calculated by using G�Power 3.1.9.2 software

for a multiple linear regression test. The total sample size needed was determined to be 234

participants, by assuming an effect size of 0.15, level of significance (α) of 0.05, power of 0.90,

and expected response rate of 80%.

All instruments used in this study were translated into Malay by two experts from the fields

of English and nutrition. The experts were fluent in both English and Malay. The instruments

were also back-translated into English by another bilingual expert in nutrition. The English

back-translation of the instruments was compared with the original English version and cor-

rected as necessary. The instruments were then reviewed by expert panels from the fields of

nutrition and psychology. After the review, the instruments were pre-tested prior to the data

collection.

Before the study commenced, ethical clearance was sought from the Ethics Committee for

Research Involving Human Subjects (JKEUPM) Universiti Putra Malaysia (Reference No.:

FPSK(FR15)P001). Approval was also obtained from the Department of Orang Asli Develop-

ment (JAKOA). Written informed consent was obtained from the mothers.

The researchers then conducted three visits to each OA village over a period of two weeks

to one month. During the first visit, stool samples were collected from the children, and the

mothers were interviewed at home using a Malay language questionnaire. On the second visit,

the mothers and their children gathered in the village hall for blood sample collection and

anthropometric measurements. A pediatrician conducted blood tests on the children. The cog-

nitive performance test was administered to the children during the third visit, which took

place at their home.

Cognitive performance tests

The Wechsler Preschool and Primary Scale of Intelligence, Fourth Edition (WPPSI—IV) [27]

was employed to measure the children’s cognitive performance using four selected tests: pic-

ture memory, zoo locations, bug search, and cancellation. The tests assessed the children’s

working memory index (WMI) (picture memory and zoo location tests), processing speed

index (PSI) (bug search and cancellation tests), and cognitive proficiency index (CPI) (picture

memory, zoo location test, bug search, and cancellation tests). All three indices were measured

on children aged 4 years and above. Only one index (WMI) was also measured on children

under 4 years old. The tests are designed to measure the concentration and attention skills

needed by children. Furthermore, the tests were deemed the most appropriate for children

with limited educational opportunities living in a rural environment. These tests were non-

verbal in that they required only action response from children.

Cognitive performance of Orang Asli children

PLOS ONE | https://doi.org/10.1371/journal.pone.0219841 July 15, 2019 3 / 15

https://doi.org/10.1371/journal.pone.0219841


A raw score was obtained for each test, and it was then adjusted to a scale score within the

child’s own age group, using the standard age scale from the table provided in the WPPSI man-

ual. The sum of the scale scores was converted to composite index scores for WMI, PSI, and

CPI. The researcher was trained on the administration of the cognitive tests by one of the co-

researchers in this study, a clinical psychologist. The tests were administered on each child by

the researcher in a quiet room under the supervision of the clinical psychologist. Each child

took approximately 30 minutes to complete the tests.

Face-to-face interview

A Malay language questionnaire was used to obtain the participants’ sociodemographic infor-

mation. The mothers provided information on their household (parents’ education level,

parents’ monthly income, number of children, household size, and monthly household

income) and children (age, sex, and birth order).

The Early Childhood Home Observation for Measurement of Environment (HOME)

inventory for children aged 3 to 6 years old [28] is a semi-structured interview and observation

tool used in this study. It is designed to assess parent-child interaction as well as the character

and quantity of stimulation and support available to a child in the home environment. It con-

sists of 55 items that are grouped into eight subscales: learning materials, language stimulation,

physical environment, parental responsivity, academic stimulation, modeling of social matu-

rity, variety in experience, and acceptance of the child. A binary-choice (yes/no) format was

used to score the items. One point was awarded to items that were scored with “yes” and zero

point to items that were scored with “no.” Each item was scored as a result of the observations

of the researcher or the condition given by the mothers during a home visit. Higher total

HOME scores indicate a high-quality home environment. In the present study, the Cronbach’s

alpha coefficients of each subscale in the HOME ranged from 0.60 to 0.77, indicating a good

internal consistency reliability.

Anthropometric measurements

The children’s birth weight was collected from their health record books. Then, their current

weight and height were measured according to standard procedures, using a TANITA Digital

Weighing Scale HD-314 (TANITA Corporation, Arlington Heights, IL, USA) that rounded to

the nearest 0.1 kg and a SECA body meter 206 (SECA, Hamburg, Germany) that rounded to

the nearest 0.1 cm, respectively. Duplicate readings were obtained, and the average of the

duplicate readings was recorded. The mean z-scores for Body Mass Index for age (BMI-for-

age; BAZ), weight-for-age (WAZ), and height-for-age (HAZ) were determined using WHO

AnthroPlus version 1.0.4 software (WHO, Geneva, Switzerland). The WHO Growth Reference

2007 [29] was used to classify the growth status of children aged five or older and the WHO

Child Growth Standards 2006 [30] was used for children under five.

Hemoglobin test

Blood sampling was carried out in the village hall a week after the questionnaire was com-

pleted, along with stool sampling. A pediatrician drew venous blood (3 mL) from each child to

assess the hemoglobin (Hb) level using an EDTA tube. The laboratory analysis was outsourced

to an accredited laboratory (BP Healthcare Group, Kuala Lumpur) using the three angled laser

light scatter method (Abbott Ruby analyzer). The blood samples were kept in an icebox and

safely transported to the nearest laboratory on the same day as the blood collection. Anemia

was defined as having Hb concentration <11.0 g/dL for children under five and Hb concentra-

tion <11.5 g/dL for those aged five or older [31].
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Table 1. Characteristics of the participants (n = 269).

Characteristics Mean ± SD / n (%)

Sociodemographic factors

Child’s age (years) 4.04 ± 1.21

2 30 (11.2)

3 64 (23.8)

4 76 (28.3)

5 62 (23.0)

6 37 (13.8)

Sex

Boy 137 (50.9)

Girl 132 (49.1)

Birth order 2.54 ± 1.69

Father’s age (years) 34.01 ± 7.38

Mother’s age (years) 30.59 ± 6.64

Years of education

Father 6.17 ± 3.57

Mother 6.58 ± 3.72

Household size 5.74 ± 2.35

Number of children 2.97 ± 1.81

Monthly income of father (MYR) 500 (350, 900)a

Monthly income of mother (MYR) 350 (250, 500)a

Monthly household income (MYR) 700 (500, 1300)a

Nutritional factors

Birth weight (kg) 2.83±0.56

Low birth weight (<2.5) 55 (20.4)

Normal birth weight 214 (79.6)

BMI-for-age z-scoreb -0.43±1.05

BMI-for-age z-scorec -0.27±1.58

Wastingd/Thinnesse (<-2 SD) 16 (6.0)

Normal (�-2SD to�+1SD) 224 (84.8)

Possible risk of overweightd (>+1 SD) 5 (1.9)

Overweight (>+2 SD) 6 (2.3)

Obesityd/Severe obesitye (>+3 SD) 13 (5.0)

Weight-for-age z-score -1.26±1.27

Underweight (<-2 SD) 73 (27.7)

Normal 191 (72.3)

Height-for-age z-score -1.56±0.97

Stunting (<-2 SD) 94 (35.6)

Normal 170 (64.4)

Hemoglobin level (g/dL) 11.81 ± 1.09

Anemiaf 57 (21.7)

Normal 207 (78.3)

Environmental factors

Parasitic infections (positive) 89 (35.0)

Home environment (0–55) 35.83 ± 5.96

Learning materials (0–11) 4.82 ± 2.23

Language stimulation (0–7) 6.51 ± 0.78

Physical environment (0–7) 4.54 ± 2.09

(Continued)
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Parasitic infections test

A thumb size sample of fresh stool for each of the children was collected in a stool container by

their mothers. The mothers were instructed to wash their hands with soap and dry their hands

before the stool collection. They used the stick provided by the researcher to collect the stool

sample, ensuring that there was no urine, water, or sand in the sample. Once the stool was col-

lected, the mothers contacted the researcher to collect it from their house. The stool samples

were kept in an icebox and sent to an accredited laboratory (BP Healthcare Group, Kuala

Lumpur) on the same day as the data collection to check for the presence of parasites, Trichuris
trichiuria and Ascaris lumbricoides, using the direct microscopy (iodine) technique. The jour-

ney to the laboratory was approximately about 30 minutes to one hour.

Statistical analysis

The data were analyzed using IBM SPSS Statistics 24.0 (IBM Corp., Armonk, NY, USA). All uni-

variate analyses were carried out using descriptive statistics. Three separate multiple linear

regression analyses were conducted on each cognitive performance index (WMI, PSI, and CPI)

to determine their associated factors. Before performing linear regression analysis, the assump-

tion of multicollinearity between variables was tested based on the variance inflation factor� 10

[32]. No indication of multicollinearity was observed. All variables that had a value of p< 0.25

in the simple linear regression analysis were included in the backward multiple linear regression

analysis. The criterion of p< 0.25 was based on the evidence that the threshold (p< 0.05) might

exclude significant variables [33]. Backward multiple linear regression was used because it

yielded results with a better R2 value and it had also been suggested for use in exploratory

research to identify good predictors [33]. The level of statistical significance was set at p< 0.05.

Results

Table 1 shows the characteristics of the OA children. A total of 269 children with a mean age

of 4.04±1.21 years participated, out of 280 OA children aged 2 to 6 in the 14 villages.

Table 1. (Continued)

Characteristics Mean ± SD / n (%)

Responsivity (0–7) 5.01 ± 1.44

Academic stimulation (0–5) 3.67 ± 1.38

Modelling (0–5) 2.16 ± 1.23

Variety (0–9) 5.54 ± 1.29

Acceptance (0–4) 3.58 ± 0.60

Cognitive performance

Working memory index 97.78 ± 15.62

Processing speed index 90.70 ± 17.34

Cognitive proficiency index 93.18 ± 17.35

a Median (25th percentile, 75th percentile)
b Children under five (n = 170)
c Children aged five or older (n = 94)
d Term used for children under five [30]
e Term used for children aged five or older [29]
f Anemia: hemoglobin concentration <11.0 g/dL for children under five and <11.5 g/dL for children aged five or

older [31]

MYR = Ringgit Malaysia; USD 1 = MYR 4.14 as on 1 October 2018

https://doi.org/10.1371/journal.pone.0219841.t001
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Approximately one third of the OA children (35%) had positive parasitic infections, in which

58% of them were infected by Trichuris trichiuria, 11% by Ascaris lumbricoides, and 36% by

both parasites. Furthermore, 36% of the OA children were stunted, 28% were underweight, 6%

were wasted/thin, and 22% were anemic.

Multiple linear regression results showed that higher WMI was significantly associated with

more years of father’s education (β = 0.262, p = 0.007), higher father’s income (β = 0.358,

p< 0.001), presence of parasites (β = -0.222, p = 0.026), more learning materials available at

home (β = 0.263, p = 0.031), higher responsiveness of the parent to the child (β = 0.192,

p = 0.049), and more variety in daily stimulation (β = 0.302, p = 0.007) (Table 2). These factors

predicted 32% of the variance in WMI. The father’s income was the most significant predictor

of WMI. In addition, findings of the separate analyses for WMI among OA children aged 2 to

3 years old and 4 to 6 years old are displayed at the Supplementary Material (S1 and S2

Tables).

The father’s years of education (β = 0.342, p = 0.001), child’s hemoglobin level (β = 0.221,

p = 0.031), availability of learning materials at home (β = 0.425, p = 0.002), and responsiveness

of the parent to the child (β = 0.249, p = 0.016) had significant associations with PSI (Table 3).

These factors predicted 40% of the variance in PSI. The most significant predictor of PSI was

the availability of learning materials at home.

More years of the father’s education (β = 0.289, p = 0.007), higher father’s income (β =

0.191, p = 0.049), higher hemoglobin level (β = 0.237, p = 0.020), higher responsiveness of the

parent to the child (β = 0.331, p = 0.002), more learning materials available at home (β = 0.400,

p = 0.002), and more variety in daily stimulation (β = 0.327, p = 0.009) were significantly asso-

ciated with CPI (Table 4). These factors predicted 42% of the variance in CPI. The availability

of learning materials at home was the most significant predictor of CPI. Overall, the father’s

years of education, availability of learning materials at home, and responsiveness of the parent

to the child were the factors consistently associated with all three cognitive indices (WMI, PSI,

and CPI).

Discussion

This study shows that a father’s years of education and home environment, specifically the

availability of learning materials at home and the responsiveness of the parent to the child,

consistently appeared as the significant predictors for all three cognitive indices (WMI, PSI,

CPI) for the OA children. To the best of our knowledge, this is the first study to demonstrate

the associations of sociodemographic factors, nutritional factors, and environmental factors

on cognitive performance in a sample of OA children aged 2 to 6 years old in Malaysia.

This study shows that more years of father’s education were associated with better working

memory, processing speed, and cognitive proficiency performance for the children. These are

all cognitive processes necessary for a child to prepare themselves prior to starting primary

education. The findings accord with those of previous studies [34,35], where father’s education

was associated with children’s cognitive performance. There is a possible explanation for the

suggestion that a father’s level of education affects a child’s cognitive performance. It could be

inferred that those fathers who had received higher education would have better job prospects,

which in turn would increase the family’s income level and lead to their investment in better

education and the health of their children [36]. In addition, higher education increases knowl-

edge related to health, education, and parenting; for example, the father’s involvement in nur-

turing the children at an early age and having a positive attitude toward parenting were

associated with better growth development in children [37]. Cabrera et al. [35] found that

highly educated fathers spent more time with their children and were more supportive
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(characterized by emotional support and enthusiasm for the child’s autonomous work, respon-

siveness, and active attempts to expand the child’s knowledge and abilities), where these would

improve children’s cognitive performance across ages. Furthermore, the results of a recent

study showed that father-child time was strongly associated with children’s cognitive perfor-

mance when said time was spent on educational activities (such as reading or educational

play) [34]. These findings highlight the importance of the father’s involvement in a child’s cog-

nitive performance. Thus, future interventions to improve the cognitive performance of OA

children could promote positive parenting by fathers and encourage fathers to spend more

time with their young children.

Table 2. Simple linear regression and multiple linear regression results for the factors associated with Working Memory Index.

Characteristics Simple linear regression Multiple linear regression

Unstandardized

coefficients

Standardized

coefficients

95% CI p-value Unstandardized

coefficients

Standardized

coefficients

95% CI p-value

B Beta Lower

bound

Upper

bound

B Beta Lower

bound

Upper

bound

Sociodemographic Factors

Child’s age 1.897 0.149 0.354 3.440 0.016

Father’s age 0.120 0.057 -0.143 0.382 0.370

Mother’s age 0.139 0.060 -0.144 0.422 0.334

Mother’s

education

0.704 0.168 0.203 1.205 0.006

Father’s

education

0.915 0.208 0.384 1.445 0.001 1.056 0.262 0.300 1.812 0.007

Father’s income 0.003 0.109 0.000 0.007 0.084 0.015 0.358 0.007 0.023 <0.001

Mother’s income 0.704 0.168 0.203 1.205 0.006

Birth order -0.481 -0.052 -1.591 0.630 0.395

Nutritional

Factors

Birth weight 3.388 0.122 0.053 6.724 0.047

Weight-for-age 1.101 0.090 -0.385 2.587 0.146

Height-for-age 3.141 0.195 1.203 5.078 0.002

Hemoglobin

level

1.453 0.102 -0.282 3.188 0.100

Environmental Factors

Parasitic

infections

-9.697 -0.299 -13.555 -5.839 <0.001 -6.532 -0.222 -12.257 -0.807 0.026

Learning

materials

1.478 0.224 0.653 2.303 <0.001 1.878 0.263 0.173 3.930 0.031

Language

stimulation

4.063 0.217 1.713 6.413 0.001

Physical

environment

0.988 0.141 0.094 1.882 0.030

Responsivity 1.877 0.184 0.590 3.164 0.004 1.927 0.192 0.100 3.854 0.049

Academic

stimulation

2.755 0.258 1.428 4.083 <0.001

Modelling -0.632 -0.053 -2.158 0.893 0.415

Variety 1.347 0.118 -0.107 2.801 0.069 3.204 0.302 5.504 0.903 0.007

Acceptance 0.505 0.021 -2.623 3.634 0.751

Multiple linear regression model: R = 0.597, R2 = 0.357, Adjusted R2 = 0.318, F = 9.202, p<0.001

https://doi.org/10.1371/journal.pone.0219841.t002
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The present study also shows that higher father’s income was significantly associated with

better working memory and cognitive proficiency in the OA children. This concurs with previ-

ous studies that found a positive correlation between income and children’s cognitive perfor-

mance [37,38]. According to Dickerson and Popli [14], poor income families were limited in

their ability to invest in their children’s education, which further decreased the children’s cog-

nitive performance. Therefore, improving parents’ education levels and combating poverty are

essential for the OA population to ensure parents have an adequate income and the knowledge

to enable them to play an active role in their children’s education.

Beside sociodemographic factors, we found that the subscales from the HOME inventory

contributed to the children’s cognitive performance, namely, the availability of learning

Table 3. Simple linear regression and multiple linear regression results for the factors associated with Processing Speed Index.

Characteristics Simple linear regression Multiple linear regression

Unstandardized

coefficients

Standardized

coefficients

95% CI p-value Unstandardized

coefficients

Standardized

coefficients

95% CI p-

value

B Beta Lower

bound

Upper

bound

B Beta Lower

bound

Upper

bound

Sociodemographic Factors

Child’s age 0.242 0.127 -0.045 0.528 0.097

Father’s age -0.231 -0.094 -0.609 0.146 0.229

Mother’s age -0.033 -0.012 -0.436 0.370 0.872

Mother’s

education

2.717 0.197 0.687 4.748 0.009

Father’s

education

0.659 0.129 -0.123 1.440 0.098 1.550 0.342 0.608 2.493 0.001

Father’s income 0.002 0.061 -0.003 0.007 0.437

Mother’s income 0.006 0.220 0.000 0.012 0.058

Birth order -1.859 -0.178 -3.405 -0.314 0.019

Nutritional

Factors

Birth weight 2.333 0.079 -2.071 6.738 0.297

Weight-for-age 0.785 0.059 -1.237 2.806 0.445

Height-for-age 2.354 0.130 -0.363 5.072 0.089

Hemoglobin

level

2.106 0.135 -0.237 4.450 0.078 3.156 0.221 0.300 6.011 0.031

Environmental Factors

Parasitic

infections

-4.124 -0.114 -9.700 1.452 0.146

Learning

materials

2.563 0.331 1.463 3.664 <0.001 2.955 0.425 1.205 4.705 0.002

Language

stimulation

6.801 0.312 3.685 9.917 <0.001

Physical

environment

1.027 0.123 -0.218 2.272 0.105

Responsivity 2.825 0.228 1.006 4.643 0.003 3.276 0.249 0.625 5.927 0.016

Academic

stimulation

4.929 0.358 2.993 6.866 <0.001

Modelling -1.036 -0.073 -3.162 1.091 0.338

Variety 2.111 0.159 0.136 4.087 0.036

Acceptance -2.394 -0.085 -6.597 1.808 0.262

Multiple linear regression model: R = 0.669, R2 = 0.447, Adjusted R2 = 0.399, F = 9.227, p<0.001

https://doi.org/10.1371/journal.pone.0219841.t003
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materials at home, variety in daily stimulation, and parental responsiveness. These factors

agree with several studies that also indicated that home environment had a significant correla-

tion with children’s cognitive performance [15,39–42]. A longitudinal study of American chil-

dren from birth to school age found that cognitive stimulation at home was more effective in

increasing children’s learning abilities in their early childhood than the stimulation found in

primary school [41]. Another study found that children with a poor quality of home environ-

ment had poorer cognitive performance than their counterparts who did not [42]. OA children

are typically from a low socioeconomic background where they are less exposed to stimulating

environments that promote cognitive performance.

Table 4. Simple linear regression and multiple linear regression results for the factors associated with Cognitive Proficiency Index.

Characteristics Simple linear regression Multiple linear regression

Unstandardized

coefficients

Standardized

coefficients

95% CI p-value Unstandardized

coefficients

Standardized

coefficients

95% CI p-

value

B Beta Lower

bound

Upper

bound

B Beta Lower

bound

Upper

bound

Sociodemographic Factors

Child’s age 0.263 0.139 -0.024 0.549 0.072

Father’s age -0.040 -0.016 -0.422 0.342 0.837

Mother’s age 0.139 0.052 -0.266 0.544 0.499

Mother’s

education

1.090 0.232 0.397 1.783 0.002

Father’s

education

0.799 0.155 0.011 1.586 0.047 1.363 0.289 0.392 2.334 0.007

Father’s income 0.004 0.117 -0.001 0.009 0.138 0.011 0.191 -0.001 0.023 0.049

Mother’s income 0.006 0.229 0.000 0.013 0.050

Birth order -1.302 -0.125 -2.871 0.267 0.103

Nutritional

Factors

Birth weight 3.087 0.105 -1.336 7.511 0.170

Weight-for-age 1.133 0.086 -0.882 3.147 0.269

Height-for-age 3.055 0.170 0.353 5.757 0.027

Hemoglobin

level

2.372 0.153 0.037 4.707 0.047 3.458 0.237 0.578 6.338 0.020

Environmental Factors

Parasitic

infections

-8.780 -0.243 -14.266 -3.294 0.002

Learning

materials

2.160 0.278 1.029 3.292 <0.001 2.837 0.400 1.045 4.629 0.002

Language

stimulation

6.112 0.280 2.943 9.282 <0.001

Physical

environment

1.106 0.131 -0.159 2.371 0.086

Responsivity 2.588 0.208 0.742 4.434 0.006 4.444 0.331 1.725 7.163 0.002

Academic

stimulation

4.350 0.313 2.353 6.346 <0.001

Modelling -1.608 -0.113 -3.754 0.538 0.141

Variety 2.131 0.161 0.147 4.115 0.035 4.031 0.327 1.033 7.028 0.009

Acceptance -0.863 -0.031 -5.107 3.382 0.689

Multiple linear regression model: R = 0.693, R2 = 0.481, Adjusted R2 = 0.424, F = 8.481, p<0.001

https://doi.org/10.1371/journal.pone.0219841.t004
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Parents who provide learning materials at home, such as books or flashcards of letters and

brain games that are either electronic or physical games, play the most significant role in

improving the cognitive outcomes of their children, specifically their working memory and

processing speed [38,43,44]. Meanwhile, parents’ responsive behaviors allow children to

engage in more problem-solving skills involved in cognitive proficiency [45]. In general, the

provision of a cognitively stimulating home environment during preschool years enhances a

child’s cognitive development, for example, parents’ frequent reading to the child or helping

the child with building blocks to learn letters and numbers [37]. Therefore, parents who are

actively involved in stimulating children’s learning play a vital role in the improvement of

their children’s cognitive performance. Combating poverty is important in the OA population

to ensure that parents have adequate income and knowledge to provide a better home environ-

ment for their children and thus enhance their children’s cognitive performance.

It is well known that parasitic infections are among the neglected and highly prevalent trop-

ical diseases among the OA in peninsular Malaysia [3,7]. In this study, one third of the OA

children (35%) had parasitic infections. Further, parasitic infection was one of the significant

predictors of the children’s working memory performance. These findings are consistent with

several other studies that also found that parasitic infections impair children’s cognitive func-

tion and learning ability [12,46,47]. For example, Ezeamama et al. [46] showed significant

associations of parasitic infections with learning ability, memory, and verbal fluency in chil-

dren. Perignon et al. [12] also noted that parasitic infections were associated with poor work-

ing memory in children. A possible explanation of these results is that infected children are

vulnerable to illness and frequently have diarrhea, stomach discomfort, and malabsorption of

micronutrients, thus making it easy for them to lose their concentration and attention while

doing the cognitive test [12,48].

Anemic children become tired easily and are hesitant, less playful, less attentive, and less

willing to explore their environment [49]. This study found that Hb level significantly contrib-

uted to the processing speed and cognitive proficiency of the OA children, consistent with the

results of Al-Mekhlafi et al. [10]. A longitudinal cohort study performed by Ai et al. [50] on

171 children from a developing region of China reported that children with low Hb levels had

significantly lower scores on an IQ performance test. A cross-sectional study by Yang et al.

[51] on 7331 children aged 4 to 6 years in 21 counties/cities in China found that anemic chil-

dren were 1.3 times more likely to have poor scores in operational IQ and verbal IQ tests and

1.4 times more likely to have poor scores in full-scale IQ tests as compared to non-anemic chil-

dren. Therefore, anemia is an important factor in children’s cognitive development.

Some study limitations deserve attention in future research. First, this was a cross-sectional

study, and therefore causality between the factors associated with the children’s cognitive per-

formance could not be well established. Cohort studies should be conducted in the future. Sec-

ond, this study used Hb concentration as a proxy indicator of anemia and did not take into

account serum ferritin and iron. Future studies should consider including serum ferritin and

iron in order to identify the different types of anemia. Third, the total intelligence, Full-scale

IQ (FSIQ) by WPPSI IV could not be calculated because not all of the WPPSI IV subtests were

administered and it is a Western-based cognitive function test. Certain subtests that were most

appropriate for children with limited educational opportunities living in a rural environment

were chosen such as picture memory, zoo location, bug search, and cancellation tests, and

these non-verbal tests were used to assess cognitive performance. Some items in the tests may

be culturally biased. For example, a few pictures might not be familiar to the OA children such

as bicycle helmet, hourglass, planet, and fire extinguisher. Furthermore, the composite index

scores for WMI, PSI, and CPI in the WPPSI IV are based on the United States norm as no

Malaysian norm is available. However, the WPPSI IV has been used in other Asian countries
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including Indonesia [39] and Pakistan [52]. Future studies should develop a Malaysian norm

for the WPPSI IV. Fourth, the HOME scale has not been validated in Malaysia and may not

truly reflect the culture of OA. However, this instrument has been widely used in developing

countries [53] and is a useful measurement tool for factors that are correlated with cognitive

performance in homes which stimulate thinking and learning [15,39]. Finally, the study sam-

ple may not represent OA children population in the state of Negeri Sembilan as there were

only 14 out of 30 OA villages agreed to participate in this study. Despite these limitations, the

current study provides insights into the factors that affect cognitive performance in the indige-

nous population, which could be translated into approaches to improve cognition among OA

children.

Conclusions

Our findings demonstrate that the father’s education level, father’s income, child’s Hb level,

parasitic infections, and home environment, particularly the availability of learning materials,

parental responsiveness to the child, and variety of daily stimulation were associated with the

cognitive performance of OA children. Efforts to increase the education level of OA adults,

improve the health and nutritional status of OA children, and increase cognitive stimulation at

home should be emphasized in future interventions aimed at improving OA children’s cogni-

tive performance. Moreover, appropriate early childhood interventions should be imple-

mented to reduce the severity of the effects of poor cognitive performance; such interventions,

in turn, could improve the readiness of OA children to learn in school and prevent dropouts.
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