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A recent study based on a sample of 1,580 children from five adjacent geographical
locations in KwaZulu-Natal, South Africa, was carried out to examine the association
of nutrition, family influence, preschool education, and disadvantages in geographical
location with the cognitive development of school children. Data were collected on the
children from 2009 to 2011 for this developmental study and included cognitive scores
and information on the health and nutrition of the children. The current study analyzed
the association of demographic variables (geographical location (site)), child variables
(sex, preschool education and socioeconomic status), parental level of education
(maternal and paternal), child’s health (HIV status and hemoglobin level) and anthropo-
metric measures of nutritional status (height-for-age) with children’s cognitive outcomes.
The hypothesis is that the nutritional status of children is a pathway through which the
indirect effects of the variables of interest exert influence on their cognitive outcomes.
Factor analysis based on principal components was used to create a variable based
on the cognitive measures, correlations were used to examine the bivariate association
between the variables of interest in the preliminary analysis and a path analysis was
constructed, which was used for the disaggregation of the direct and indirect effects of
the predictors for each cognitive test in a structural equation model. The results revealed
that nutritional status directly predicts cognitive test scores and is a path through which
other variables indirectly influence children’s cognitive outcome and development.

Keywords: nutrition, children’s health, cognitive development, preschool education, structural equation modelling

INTRODUCTION

Cognitive ability in children and its development is critical to school outcomes as they advance in age
(1). The evidence of the negative effects of malnutrition in children and later in life provided by the
literature cannot be overemphasized (2, 3). This study seeks to find variables that may be associated
with the cognitive development of children. In particular, malnutrition and lack of preschool facilities
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are expected to play a critical role in cognitive development.
Based on the findings, remedial action is suggested in order to
intervene in negative situations. The current research results and
recommendations provide information to improve the learning
environment of children in this region. This would eradicate
under performance in early school life and failure in later years.

In this study, the cognitive development of children was exam-
ined extensively using aspects of their cognitive skills, namely,
motor ability, sequencing, reasoning, and identifying patterns.
These skills display how well the children are able to sort, count,
and arrange in sequences and patterns, the objects available to
them, even without any verbal instruction in some cases.

As a starting point, the current study anticipates that the cog-
nitive outcomes are linked to the geographical location and envi-
ronment (4, 5). The site of their residence provided a framework
for possible environmental influences on a child’s development
(6). In the current study, family, nutrition, preschool education,
and geographical location are considered to be influential in a
child’s cognitive development. This is in line with previous studies
which have shown that preschool aged children are more likely to
be affected by these factors (6).

Previous research identified the family as the first environment
for growth and development in early childhood (6). Living in
disadvantaged sites and households, where a sizable proportion
of parents live in poverty or are less educated, has been linked
to children’s development and is said to influence their cognitive
outcomes. It is surmised that risks in such households impede
children’s development through inadequate learning experiences
within the household and the lack of stimulation available to the
children.

The present study found that disadvantaged locations, where
children are living in poverty with few or no preschool facilities,
had a negative impact on the children’s cognitive development and
that these effects persisted and remained statistically significant
for all the cognitive outcomes in this study. This result provided
additional information to the existing body of literature where it
was reported that poverty and lower levels of parental education
affected their children’s development (7, 8). From these findings,
it could be inferred that the lack of skills and experiences at an
early age of learning for children living in a disadvantaged area
without quality learning centers exerts a significant influence on
their cognitive outcomes and development (9). The present study
investigates whether the negative effect of the site of location has
a direct effect on the cognitive outcomes of children and whether
the interaction of the disadvantage due to geographic location,
and their health and physical growth in terms of stunting, and
cognitive development through cognitive stimulation and pre-
school education is experienced indirectly.

In this manuscript, the cognitive development of children
will be examined regarding the effect of variables that investigate
the structural effects of nutritional status, on children’s cognitive
development above and beyond the effects of family and location.
Moreover, research found links between child care quality, and
children’s school attendance, but child care quality may be more
important for some children, than others (2). There is also a body
of research which suggests that if children in less privileged areas
have access to quality child care they achieve better outcomes

than those who do not (10, 11). Other findings inferred that
preschool education and the care strategy influence the growth
of these children with time (4). This does not appear to provide
any information on the possible intervening effects of preschool
education with good nutrition on the association between the
children’s family and the risks of the geographical location and
the cognitive outcomes. The current study, therefore, seeks to
investigate if preschool education with good nutrition is more
important for some children than others, depending on the risks
experienced via the family and the site of location.

Hence, considering the contextual factors around the children
participating in this study, the aim of this research is to investi-
gate the associations between specific predicting factors of the
child variables, namely, socioeconomic status (SES), nutritional
deficiencies, health status, and the structural interactions of pre-
school education attendance with the cognitive development of
the children. Data obtained from children in the developmental
study are used to investigate the direct and indirect effects of
health, preschool attendance, parental education, family, and
the risk of the geographic location, on children’s cognitive skills
and development, through their nutritional status, in a structural
equation model.

Theoretical Framework

The development of intelligence and problem-solving abilities
that begins during infancy is perceived to be influenced by a
variety of factors that can provide an emotionally stable and
stimulating environment for children to ensure optimal cognitive
development. When children are not raised in such an environ-
ment or are deprived of positive experiences, learning disabilities
and other cognitive delays might ensue.

Previous research has described the significance of the effects of
child-related variables to be ecological, where the children interact
with a system with significant effect on their development (4). A
number of variables have been associated with poor nutrition,
resulting in a pathway to under-development in young children.
This however also leads to long-term effects later in life (12).

In 2011, research in sub-Saharan Africa found low height-
for-age (an indication of stunting) with a prevalence as high as
38% (13). Several studies have highlighted the negative effects of
inadequate nutritional status on different domains of develop-
ment and cognition (14-16). As a result of the limited access that
the children in this study have to the outside world, the variables
anticipated to have an effect on their cognitive outcome are
inadequate nutrition as measured by stunting, lack of preschool
education, level of parental education, and geographic location.

Family Influence and Cognitive

Development

A body of research has identified the family as the first place of
interaction for children, and this provides an environment for
acquiring basic learning and the developmental processes (3, 17).
Many studies have considered the effects of family and the risks
experienced, as a pathway to explain the cognitive outcomes of
children. For example, family literacy provides an indication of
the parental education (18). Educated parents are more likely to
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provide an enriching and stimulating environment in which they
engage in activities such as reading and playing with their child.

Socioeconomic status (19), maternal and paternal support
(20), and the effect of depression in the home also are associated
with a child’s cognitive development (21). Parents living at the
poverty level are often unable to provide the same educational
opportunities and material advantages compared to families in a
higher income bracket. Families that live in poverty may also have
disorganized homes and stressful lives which influence cognitive
outcomes in their children. SES as an indication of poverty was
highlighted as the most influential factor of school success, asithas
proved to provide better explanation for the differences observed
in children’s cognitive outcomes and development (22-25).
Though SES exists in classes, the majority of the previous studies
described the effect of the household income as being the most
important dimension of SES. One research finding showed that
the cognitive score of children from low SES families decreases
during early and middle childhood (26). This study considered
the household asset index to be critical in predicting the cognitive
outcome of these children. The site of residence, which represents
the geographical location of children, is another important fac-
tor for cognitive outcome, which appeared to be associated with
behavioral problems of children between ages 3 and 12 years (27).

Researchers have reported difficulties in the interpretation of
the simultaneous analysis and modeling of factors with high cor-
relation coefficients, especially in small samples (28). The effects of
the association between the family risks and cognitive outcomes
in children have been directly and indirectly observed in past
studies, and conceptualized to influence children’s development
through more proximal factors, such as household assets (2).

The literature suggests that in order to explain the condition
of children, the proximal factors from more contextual collabora-
tion, should be studied (4).

Preschool Education and Cognitive

Development in Children

Early childhood cognitive development is a critical issue as there
is rapid brain development in early childhood. To optimize this
brain development, certain kinds of experiences which preschool
education offers, is a benefit for cognitive development (29-31).
The preschool education provides opportunity for imaginative
play, and reading comprehension has been said to be rooted in the
imagination. It is possible for children to comprehend whatever
they are reading, only if they can imagine what the characters
are doing, why they are doing it and what they might do next
(32). Several intervention studies, involving children in early
childhood, have shown that the use of educational programs to
promote preschool skills by providing age-appropriate language,
literacy and numeracy activities, can be effective as far as the
targeted skills are concerned (33-36).

Stunting and Cognitive Development

in Children

Globally, 35% of the burden of disease among children aged less
than 5 years and 3.5 million child deaths are as a result of stunting,
severe wasting, and low birth weight (37). These provide evidence

of poor nutrition which is a key factor and responsible for both
maternal and child health (38-42). Though the purpose of the first
millenium development goal was to reduce the number of under-
weight children in the under-5-year age group by 50% between
1990 and 2015, goal 1 (to eradicate extreme poverty and hunger)
and goal 4 (to reduce child mortality) required improvements in
child nutrition (43, 44). On an annual average at year 2014, Africas
poverty rates continued to increase with the adverse effects of crises
on food, fuel, and finances (45). This is critical to child survival,
and lack of attention to poor nutrition contributed to countries
failing to achieve the millennium development goals (46). In South
Africa, as in many sub-Saharan African countries, the HIV/AIDS/
TB epidemic is exacerbated by lack of good nutrition (47).

In South Africa as a whole, wasting (weight-for-height < —2 SD),
indicative of gross malnutrition as would be found in a situa-
tion of war or famine, is not a serious public health problem,
but stunting (height for age < —2 SD), which is indicative of
chronic under nutrition, persists, and is detrimental to child
development (48, 49).

The Present Study

As discussed, the full development of children, especially in
respect of their cognition can only be discovered as a result of the
simultaneous examination of the related factors of the ecological
systems where these children interact. However, the concurrent
examination of the effects of the family factors, stunting, and
preschool education on the cognitive outcomes of children has
only been considered in a few studies (50). A number of these
studies focused more on the influence that family risks exert on
their development (18), while the investigation of the interaction
and the effect of other factors outside the family and the cognitive
development of children remained unclear. Though some studies
examined the environment of interaction on children, the vari-
ables of interest in these studies are factors jointly related to both
early childhood and older ages (8, 51, 52).

A previous study found that the factors, which influence
children early in life, change as they grow older, due to the level
of the exposure and interaction of such factors with the outside
world (53-56). Hence, to bridge the gap regarding early years,
the current study seeks to investigate possible factors, which are
peculiar to children’s experiences in acquiring abilities for school
outcomes and cognitive development. The indirect effect of fam-
ily is perceived through the preschool education outcomes rather
than the direct influence exerted on their cognitive development.

Hence, the current study examines the effect of family risk
and preschool education in order to segregate the direct and the
indirect effects on the cognitive development of children through
stunting. The direct effects of preschool education on children’s
cognitive outcomes, after controlling for family and stunting,
are investigated. The direct effect of stunting on the cognitive
outcomes of children, and the role of preschool education in
compensating for family and the stunting risks, in relation to
children’s cognitive development, has been of great interest to
their development.

There are differences in the observed effect sizes based on the
cognitive domain tested, in line with the existing literature about
the importance of preschool education on the cognitive outcomes
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of children, especially for children from less privileged sites of
residence.

With the multiple risks, which affect the cognitive development
of children in this region, the current study will simultaneously
investigate family factors, preschool education, and stunting on
their cognitive development, as well as the mediating role of
their nutritional status due to the high risk of poor nutrition, by
answering the following research questions:

Research question 1: What is the level of interaction between
the family risks, preschool attendance, nutritional status, and
other variables on the cognitive development of children? The
hypothesis is that children in families with higher risks and liv-
ing in more disadvantaged areas are more likely to achieve low
levels of cognitive skills.

Research question 2: To what extent does nutritional status
mediate the cognitive outcomes of the children? The hypothesis
is that nutritional status predicts the children’s cognitive out-
comes. The path diagrams for the hypotheses will appear in the
Section “Methods.”

METHODS

This study used the data set from the survey of a larger study,
which was conducted between 2009 and 2011 in a rural area of
KwaZulu-Natal, South Africa, for the evaluation of children’s
development, which encompassed different domains of cognitive
skills of the participating children. Among other characteristics,
the survey collected data on child demographic factors (child’s
age measured in months, sex), family factors (paternal level of
education, maternal level of education), socioeconomic factors
(household asset’s index, site of residence), preschool education
(whether or not the child had preschool education), child health
factors (child’s hemoglobin level and child’s HIV status), and
on the anthropometric variable (height-for-age (hazscore)—an
indication of stunting), which provide outcome measures of
nutritional status. The construction and standardization of the
cognitive tests used is age-appropriate and relatively culture-
related (46). These were the Grover-Counter and the Kauffman’s
KABC-11 subtests (Atlantis and Hand movement tests) for a
total sample of 1,586 children, who were within the ages of
6-8 years.

Sample Used for the Analysis
Although 1,586 children were invited to participate in the study,
only 1,383 valid cases were used with measurements on the
cognitive test outcomes and the anthropometric scores. Trained
research assistants in five adjacent regions of KwaZulu-Natal
collected the data from 1,582 children and caregivers, who
were initially enrolled for the interview. The five local areas are
characterized by different governing authorities and differences
in terrain. Children who were unable to perform the tests (get
tired quickly or who were not well on the day of the testing) and
for whom there were no cognitive test results were excluded from
the analysis.

Ethical approval was obtained for all study procedures
and interview material from the University of KwaZulu-Natal

Biomedical Research FEthics Committee (BF036/07) and the
Columbia University Institutional Review Board. Written
informed consent was obtained from parent/caregivers.

Descriptive Statistics of Variables
Associated with the Participating
Children

The cognitive scores of the children vary according to each of the
domain examined. Children’s scores are provided in the order of
the Atlantis, Grover-Counter,and Hand movement tests with mean
and SD (46.81,16.79), (44.30, 18.61), and (6.73, 2.47), respectively.
The other categorical characteristics of the data obtained for the
children who participated in the current study are described in
Table 1. Children’s mean age was 82.82 months with a 7.03 SD,
and approximately half of the children were girls (49.6%). The
percentages of the children participating from these five adjacent
geographic sites were 17.4, 16.0, 10.8, 33.3, and 10.8% for sites
1-5, respectively. Of the children, 67.4% had preschool education
and 3.9% had a positive HIV status. Using quintile subdivisions
of the SES indices ranging from the lowest through the highest,
close to half (43.4%) of the participating children had a SES below
the middle class. Almost all the parents had a level of education
between none and matric (grade 12), while a few reached tertiary
level (0.2% and 0.1% of the mothers and fathers, respectively).

MEASURES

Dependent Variable

Cognitive Outcomes

In this study, all tests were conducted by mid-level trained research
assistants, who directly observed and recorded scores for each of
the children’s skills for motor ability, memory, and reasoning. Hand
movements tested children’s ability to precisely copy a sequence
of taps and children demonstrated their learning skills through
their ability to accurately identify objects and their nomenclature
(57, 58). The scores were standardized to reflect the appropriate
normalized cognitive outcomes of every child as would be expected
of other children within this age bracket in the population.

Independent Variables

Sex

Childs sex was coded as 1 = male (reference category) and
0 = female.

Site
The children’s site of residence at the time of the study was coded
1-5 (where 5 is the reference category).

Preschool Education

There were two categories of preschool education for the children
[1 = those who received preschool education (reference category)
and 2 = those who did not].

Socioeconomic Index
The SES was measured by the household wealth asset; a
quintile index with coding [1 = lowest 20%, 2 = low middle,
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TABLE 1 | Descriptive statistics of the children’s categorical variables (n = 1,586).

Site Sex Preschool education Child HIV

n % n % n % n %
1 241 17.4 M 698 50.4 None 481 35.3 Positive 62 3.9
2 222 16.0 F 688 49.6 Received 883 64.7 Negative 1278 80.8
3 150 10.8 Unknown 241 15.2
4 461 33.3
5 312 10.8

Maternal education level Paternal education level Socioeconomic status (SES)

n % n % n %
0. (None) 65 4.1 0. (None) 88 5.6 1. Lowest 20% 327 20.8
1. Grade 1-7 (primary) 223 141 1. Grade 1-7 (primary) 170 10.7 2. Low middle 355 22.6
2. Grade 8-11 (high school) 665 42.0 2. Grade 8-11 (high school) 407 25.7 3. Middle 250 15.9
3. Grade 12 (matric) 359 22.7 3. Grade 12 (matric) 437 27.6 4. High middle 314 20.0
4. >Grade 12 (tertiary) 3 0.2 4. >Grade 12 (tertiary) 2 0.1 5. Top 20% 326 20.7
5. Unknown 267 16.9 5. Unknown 478 30.2

3 = middle, 4 = high middle, and 5 = top 20% (reference
category)].

Hemoglobin
The hemoglobin level in the blood of the children who partici-
pated in this study was measured using a Hemocue.

Parental Education

This was included in the hypothesized model as a separate
measure of the level of education completed by the fathers
and mothers at the time of investigation and it was coded as
(0 = none, 1 = attended primary school, 2 = attended high school,
3 = completed grade 12 (matric), 4 = college, and 5 = unknown).

HIV Status

During the study procedures, all caregivers were asked for their
HIV test results and that of their children, and testing was offered
in any case where this information could not be provided. This
was categorized as [HIV positive, HIV negative and those with an
unknown status (reference category)].

Anthropometry

Children’s height was directly measured with the use of a fixed
stadiometer, and the recorded height scores were normalized to
z-scores as an indication of the mean of their nutritional status
which is referred to as height-for-age z-score (Hazscore).

Mediator
The height-for-age z-score (Hazscore) was used as the mediating
variable in the mediation model.

DATA ANALYSIS

Preliminary Analysis

General linear models were fitted for the examination of the asso-
ciation and group differences between each cognitive score and
the independent variables. A factor analysis, which was based on
three cognitive scores, was carried out and a principal component

analysis with Eigen values greater than one was used to determine
the number of principal components. This was conducted in IBM
SPSS version 24 to confirm loadings of the predicting variables
on each factor (59, 60). The correlation coefficient of at least.3
(i.e., >0.3) in the matrix made the data set suitable for factor
analysis. To reduce the subjectivity of the interpretation on fac-
tors, predictors with factor loadings greater than 0.50 on a factor
were considered.

Path Analysis in the Direct Model

Definition 1: The total effect consists of all the coefficients of the
associated variables of interest. This can be disaggregated into the
direct and the indirect effects, which can be expressed as in Eq. 1
below.

Total effects = Direct effects + Indirect effects (1)

Definition 2: The direct effects are the coefficients on which
the cognitive outcomes under investigation directly depend
and are indicated by single headed arrows, originating from an
independent variable to the dependent variable.

Definition 3: The indirect effects are the coefficients on which
the cognitive outcomes indirectly depend through another inter-
mediary effect, i.e., the mediator is directly associated with such
effects and in turn directly associated with the cognitive outcomes.

Indirect effects are indicated by single headed arrows directly
to the mediator and from the mediator directly to the outcomes
under consideration. Hence, such an effect is said to have an
indirect effect through the mediator (nutritional status) on the
cognitive outcomes.

The values on a two-headed arrow in each model represents an
estimate of the covariance between the two connected variables.
The value on a single-headed arrow emanating from the predict-
ing variable pointing to the dependent variable (cognitive scores)
denotes the regression weight and the two other values in the
order of (a, b) at the top of the boxes indicate the variance and the
standard error of the estimates, respectively.
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Structural Equation Modeling
Structural equation modeling was employed to examine the
association between the cognitive score, the nutritional status as
a mediator in the model, and all other predicting variables, for
the explanation of the direct and indirect effects on the cogni-
tive outcomes and to examine how background characteristics
through mediation directly and indirectly influenced each of
the cognitive scores. To test the direct and the indirect effects
of the background variables and the mediation, for the first and
second hypothesis, path analysis models were constructed, and
the standardized coefficients for the continuous outcome for the
cognitive skills were considered as effect sizes.

Careful consideration was given to the following criteria of the
model fit indices suggested by Hooper, Coughlan and Mullen (61).

i. The p-value should be less than 0.05.

ii. The root mean square error of approximation (RMSEA) less
than.06 indicates an adequate model fit.

iii. Incremental fit index (IFI) value, where the model with a
value close to zero is considered as a worse model and was
used to compare the estimated model to the null model.

iv. Akaike information criterion (AIC) value was used for the
comparison of the estimated models for goodness of fit of the
three cognitive scores to identify the best model.

It is worth noting that the value of the RMSEA for all models
in this study was less than 0.158, hence the computation of the
Comparative Fit Index was not considered, as it is highly sensitive
to sample size.

RESULTS

A factor analysis based on three cognitive scores (Atlantis, Grover,
and Hand movement) was performed to create one variable for
cognitive score [A principal component analysis extracted one
component with Eigen value exceeding one (1), explaining
approximately 55% of the variance]. The one component solu-
tion had loadings 0.700, 0.755, and 0.763 for Atlantis, Grover, and
Hand movement, respectively.

A linear regression model using the factor scores based on the
three tests was run with the independent variables of interest. The
results appear in Table 2.

Preschool education, age, height-for-age and mothers” educa-
tion were significantly associated with the cognitive score variable.
The remaining variables, which included site, gender, HIV status,
SES, fathers’ education, and hemoglobin level, were not significant.

In a multivariate analysis using the three cognitive scores, the F-
and p-values are as follows: preschool education (F-value = 6.791,
p-value = 0.009), mother’s education (F-value = 4.414, p-value =
0.02), height-for-age z-score (F-value = 34.393, p-value = 0.000),
and age (in months) (F-value = 132.240, p-value = 0.000).

Correlational Analysis of the Variables
of Interest

The bivariate correlations between each of the variables included
in the analysis are provided in Table 3 below.

TABLE 2 | Parameter estimates, standard errors, t-values, and p-value for
the factor based on three scores.

Factor based on three scores

Parameter B SE t p-Value
Intercept -3.597 0.426 -8.437 0.000
Site (Ref = Site 5)
Site 1 0.103 0.085 —-1.217 0.224
Site 2 -0.044 0.085 —-0.520 0.603
Site 3 -0.172 0.099 -1.748 0.081
Site 4 —0.061 0.072 -0.840 0.401
Gender (Ref = male)
Female —0.060 0.051 -1.186 0.236
Pre-school education (Ref = received)
None -0.156 0.060 —2.606 0.009
HIV Status (Ref = unknown)
HIV positive —-0.070 0.152 -0.462 0.644
HIV negative 0.091 0.075 1.215 0.225
Age (months) 0.046 0.004 11.500 0.000
Height-for-age z-score 0.157 0.027 5.865 0.000
Hemoglobin —0.001 0.022 -0.047 0.962
SES (Ref = 5)
SES 1 -0.014 0.080 -0.180 0.857
SES 2 —0.008 0.078 —-0.099 0.921
SES 3 0.096 0.085 1.131 0.258
SES 4 -0.016 0.078 —-0.198 0.843
Maternal education (Ref = unknown)
Maternal education = 0 -0.084 0.142 —-0.589 0.556
Maternal education = 1 -0.236 0.097 —2.438 0.015
Maternal education = 2 -0.097 0.076 -1.281 0.201
Maternal education = 3 0.121 0.085 1.434 0.152
Maternal education = 4 0.050 0.653 0.076 0.939
Paternal education (Ref = unknown)
Paternal education = 0 -0.010 0.121 -0.079 0.937
Paternal education = 1 -0.028 0.092 -0.303 0.762
Paternal education = 2 0.081 0.068 1.184 0.237
Paternal education = 3 0.127 0.068 1.854 0.064
TABLE 3 | Bivariate correlations.

1 2 3 4 5 6
1. Atlantis 1
2. Grover 0.378* 1
3. Hand movement 0.336™  0.435" 1
4. Age (month) 0.312** 0.442* 0.368** 1
5. Height-for-age 0.151*  0.182* 0.135™ 0.028 1
6. Hemoglobin —0.005 0.040 0.054*  -0.002 0.111* 1
*0 < 0.05.
*p < 0.01.

Age was positively correlated with all the cognitive skills
(Atlantis, Grover, and Hand Movement tests), Height-for-age
z-score (the mediator) had a positive correlation with all the
test scores and hemoglobin was positively correlated with hand
movement test score and height-for-age but had a negative cor-
relation with Atlantis test score and age (in months).
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Path Analysis in the Mediation Model

From the path diagrams of the cognitive outcomes, each model
provided a good fit with the data and provides a better model when
compared with the linear regression model of the same outcome.
Though the initial models did not fit the data well, children who
had preschool education as well as those with good height-for-age
z-scores had better cognitive test scores. Site, mothers’ level of edu-
cation, and SES were related indirectly to these test scores through
nutritional status. Children residing in sites with better resources,
whose mothers had higher levels of education, with higher levels
of SES index, were associated with both higher nutritional status
and better scores in each test (Figures 1-3). While the indirect
effects of other variables were not statistically significant.

MODEL FIT

Atlantis Test

The Atlantis test model (Figure 1) had a good fit with an AIC less
than the independence model, an IFI that is significantly different
from the null model, and RMSEA < 0.08.

Grover-Counter Test

The model for the Grover-Counter test (Figure 2) had a good fit
with AIC less than the null model, IFI different from the inde-
pendent model, and RMSEA < 0.08.

Hand Movement Test
Scores obtained for the Hand movement test (Figure 3) also fitted
the model well with AIC, IFI, and RMSEA < 0.08.

The results, which provided support for the two hypotheses
tested with the mediation model, are outlined in Table 4. With all
the variables of interest included in the model analysis, mothers’
level of education, socioeconomic index, site, HIV status, and
preschool education were significant and the model fitted the data
well (Figures 1-3).

DISCUSSION

The cognitive development of children is a complex topic. This
study examines the multivariable effects of preschool attend-
ance, the influence of family, nutritional status as determined
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FIGURE 1 | Model with the mediation of nutritional status for Atlantis test.
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FIGURE 2 | Model with the mediation of nutritional status for Grover test.

by height-for-age z-score and the geographical location on
cognitive outcomes of children in an impoverished region of
KwaZulu-Natal. A path diagram for the direct and indirect effects
of variables on cognitive scores was constructed. The hypothesis
is that certain variables affect the nutritional status of a child and
this, in turn, has a direct effect on the cognitive outcome of the
child. Nutrition is viewed as a mediator in the association with the
cognitive scores. All analyses from which the unbiased estimates
and the testing of hypotheses were done with Version 24 of IBM
SPSS and the add-on package (Amos).

Nutrition and Its Mediating Effects

on Children’s Outcome

The first hypothesis addresses the direct effects of the inde-
pendent variables on child outcomes. Generally, in the current
study, the major risk factors associated with poor nutritional
status of children were the rural site where the child lived and
lack of preschool education. This study observed that the effect

of sex on any of the cognitive outcomes was not significant.
To further investigate the direct effects of the variables of
interest (examined in the first hypothesis testing), the second
hypothesis was tested for the indirect effects of these same
variables on child outcomes through the nutritional outcomes
(height-for-age z-score), using the mediation model in which
nutritional status was a mediator for the indirect effects of site
and family, simultaneously with preschool education, on the
cognitive outcomes.

The mediating effects of height-for-age z-score through
the associations of the independent variables of interest and the
childrens cognitive outcomes clearly provide support for the
hypothesis of the mediation model. It is evident that in all three
tests of cognition, children who had the lowest scores were gener-
ally those who also had low height-for-age scores. Apparently,
high cognitive scores were predicted by good nutritional status at
an early age in these children. The negative effects of such condi-
tions could persist and extend beyond these age groups unless
adequate measures of intervention are promptly implemented.
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FIGURE 3 | Model with the mediation of nutritional status for Hand movement.

TABLE 4 | Maximum likelihood estimates of covariance in the model.

Covariance Correlation Standard Covariance p-Value
estimate error estimate

Mothed « Index (SES) 0.225 0.049 4.602 o
Site « Index (SES) 0.191 0.055 3.470 e
Age « childHb 0.009 0.223 0.042 0.966
Hazscore < HIV status 0.034 0.011 3.007 0.0083
Hazscore < Age -0.198 0.188 -1.052 0.293
Education < Fathed —0.006 0.020 —-0.281 0.779
Education < Mothed 0.045 0.017 2.635 0.008
Hazscore « Index (SES) 0.106 0.039 2.744 0.006
Hazscore « Site 0.043 0.038 1.130 0.258

**p < 0.001.

All the children and their caregivers were brought to the research
clinic and provided with refreshments prior to the children being
tested and afterward.

In the mediating mechanism, the nutritional status in turn
influenced the outcomes of these children on the tests of cogni-
tion. Further, the statistical significance level, and the effect sizes
differed by specific child outcome. In contrast with a report from
a previous study, where SES predicted both nutritional status and
children’s outcomes (62, 63), the association of the socioeconomic
risk index was strongly supported in the mediation model for all
the children’s cognitive scores, but the direct effect was not signifi-
cant in the current study. The reason could be that the children
who are socioeconomically disadvantaged, lack resources, which
could be helpful to facilitate their learning opportunities.

Exposure to risk factors in the family has been associated with
young children’s school failure (64-66), and inadequate resources
for the children, may in turn, impact on their cognitive outcomes
and development. In line with the present findings, low family
SES and low levels of parental educational attainment were said
to result in less social and economic resources for young chil-
dren and higher levels of intellectual and social and emotional
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problems (67), thus reducing the likelihood that children will
attain full cognitive development. However, some studies have
found both SES and the level of education not to be significantly
associated with childrens cognitive development. This latter
research suggested that it is possible that family socioeconomic
risk factors indirectly affect children’s development through other
risk factors such as parental education and health (65). Parents
with low levels of family SES may not have enough resources and
opportunities to provide learning materials, role modeling, or
cognitive stimulating support, due to health conditions, which
put the child at risk (68). From our findings, family socioeco-
nomic disadvantage may restrict parents’ emotional well-being
or increase the possibility of depressive symptoms as reported in
previous papers (69).

The family interaction may reflect pressure and stress due to
the lack of necessary amenities, which could be unhealthy and in
turn, could hinder children from developing optimally (8).

Although the home context has in many studies found to be an
important factor in children’s early development (70), few studies
have investigated the cognitive outcome of children being influ-
enced by geographic location. In contrast, a number of studies
have found an effect of the geographic location and inadequate
resources on children’s cognitive development, at older ages (70).
Since these children have their first learning experiences in the
home with limited opportunities of interacting with the outside
world at this early stage, schools and learning facilities later serve
as the route through which children overcome the barriers in the
process of their cognitive development (70).

Nowadays since gender equality has promoted the chances
of employment opportunities for mothers, more children have
to be at a place of care, which may be quite different from their
households. The significant difference, observed between those
children who attend preschool and those who do not, provided
statistical evidence that children attending a preschool facility of
some kind have a better chance of learning and acquiring cogni-
tive skills for their development. There is also a higher likelihood
that these children have better cognitive outcomes in later school
years (58, 66). This highlighted the importance of all children
receiving preschool education which requires intervention so
that the negative effects of inadequate or unavailability of facili-
ties for preschool education are addressed, in order to improve
children’s cognitive outcomes and development for school
success. Previous studies have sought to identify and evaluate
strategies that could provide good care for children (8, 9, 63), but
few studies have examined the significant effects of such care on
their cognitive outcomes. The current research has identified the
importance of preschool education not only for child care, but
also for improvement of their cognitive skills and development
for optimal school success. The findings of this study highlight the
importance for local authorities to provide preschool facilities in
the rural communities.

There are a range of policies in South Africa that aim to
address the needs of children (71) but as our study shows
many children’s requirements remain unmet, with a prevalence
of stunting of 27% in children under 5 years of age (72). The
South African Government provides impoverished caregivers of
every child up to 18 years with a child support grant (csg) of

R350/month and free health care (73), but access requires one
to have an identity book for the CSG, and to reach a primary
health care clinic for services. These are requirements that poor
households may not be able to meet, due to lack of resources to
cover transport and other costs, and highlights the impact of the
geographic area where the children in this study lived. The lack of
household food security in 14.8% of KwaZulu-Natal homes (74)
and the inadequacy of children’s diets, is exacerbated by the high
rate of infectious diseases. Although provision of antiretroviral
medication is free, there remains the cost of monthly clinic visits,
since clinics are few and often far away. South Africa has made
progress in the control of HIV and reducing maternal and child
mortality and morbidity.

The underlying causes of stunting (low height-for-age) are
poverty, poor maternal health during pregnancy, household
food insecurity, inadequate access to maternal, and child
health services, as well as lack of access to adequate water and
sanitation (72) and the latter promotes diarrheal diseases and
soil-transmitted helminth infections. Studies have shown that
children, who are chronically under-nourished in their early
years of life, fail to thrive, and achieve their full potential, as the
first 2 years of life are critical for children. Furthermore, children
require a diet that includes the essential micronutrients such as
vitamin A and iron, but in poor homes, there is often a lack of
vitamins and minerals (75).

Current policy also requires every child to attend a preschool
grade R class, prior to formal schooling and this is being increas-
ingly achieved (76) but the quality of the early childhood educa-
tion that is provided, has yet to be evaluated.

CONCLUSION

This study was conducted to identify the risk factors associated
with the cognitive outcomes of children and the association
between the health risks, malnutrition, disadvantages resulting
from the site of residence, whether or not the child had received
preschool education, socioeconomic risk, parental level of educa-
tion, and children’ skills and development. In the current study,
a preschool education experience strongly predicts higher cogni-
tive outcomes. This study considered it important to find the
pathways as to how the contexts surrounding children influence
their cognitive outcomes and development in early childhood.
This offers opportunities for intervention and prevention of
poor cognitive outcomes, which contribute to children’s school
failure as suggested by Bronfenbrenner (6). The primary contexts
considered in the prediction of children’s cognitive outcomes
and development were nutrition, preschool education, and fam-
ily influence. Following the results of these findings, this study
examined the pathways through which nutritional status medi-
ated children’s cognitive outcomes.

The cognitive scores of these children were directly predicted
by preschool education, nutrition (height-for-age), but the
direct effects of SES and maternal level of education were not
statistically significant. Good nutritional status mediated the
association between the socioeconomic risk index and children’s
cognitive skills. The effect of socioeconomic risk, mothers’ level
of education, and site of residence were indirectly observed to be
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influencing childrens cognitive outcome with statistical signifi-
cance in the mediation model.

The present study found that good nutrition mediated children’s
cognitive development and serves as a compensation for the nega-
tive effect of other risks in relation to cognitive skills. The develop-
ment of children’s academic outcomes is a national policy goal. The
strong predictors identified in this study include health, nutrition,
and preschool facilities. This study emphasizes the importance of
addressing these concerns in order to change the developmental
trajectory of millions of disadvantaged children. The results
indicate that it would make a significant difference if children’s
development was prioritized and received the required investment.
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