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Abstract: Family plays a role in supporting child development, by facilitating caregiving and other
parental practices. Low- and middle-income families typically have a complex structure with many
relatives living together in the same household. The role of family and family complexity in the
caregiving of children with disabilities is still unknown. In this study, we use data from N = 22,405
children with severe (N = 876) and mild or no disability (N = 21,529) from a large dataset collected in
the 2005–2007 Multiple Indicator Cluster Survey. In particular, we adopt PageRank, a well-known
algorithm used by search engines, to quantify the importance of each child in the family network.
We then analyze the level of caregiving the child received in light of the child’s importance and
developmental status, using a generalized linear model. Results show a main effect of child’s
importance and of the interaction of child’s importance and developmental status. Post hoc analysis
reveals that higher child importance is associated with a better caregiving outcome only for children
with mild or no disability.
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1. Introduction
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The African parenting adage often goes “it takes a village to raise a child”, and
this proverb continues to hold wisdom in modern day parenting. Due to the intensive
nature of parenting, which refers to the strenuous process of raising another human being
into independence and adulthood [1], parents and caregivers tend to create networks
with the extended family [2–5], educators [6], and healthcare professionals [7], among
other individuals and communities to ensure their child’s holistic development. The
interaction between various stakeholders in child development is succinctly captured by
Bronfenbrenner’s ecological systems theory, which posits a nested structure of micro- and
macro-systems in influencing child development [8]. According to the ecological systems
theory, the micro-system consists of the most direct, bi-directional relationships a child
has with their immediate environment. Of these relationships, and especially for children
of preschool age and below who spend the majority of their hours at home [9,10], the
relationship dynamics of the child and their family members are of utmost importance.
Generally, having the support of one’s family members in the process of parenting
allows for higher caregiving quality, which is also related to more positive child outcomes,
such as greater attachment security [11] and decreased externalizing behavior [12]. The
presence of extended family members has also been conceptualized as a protective factor
of family stress [13] and as altruistic actors to increase the resilience and survival of both
the child and the family [14].
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In the context of poverty, the relation between family and parenting is crucial, as
parents need to rely on additional avenues of resources, manpower, and knowledge from
other family members [5]. The presence of extended family members also moderates
parental decisions in caregiving, such as in accepting kin-provided child care [3,4]. The loss
of extended family members as a parenting resource has been linked to several adverse
outcomes such as higher rates of child abuse [15] and decreased family cohesion [16], as
well as poorer social competence and mental health in the child [3,16].
The presence or absence of the support from other family members may play an
even bigger role if the child has developmental disabilities (DDs). For the purposes of
this study, a DD is defined as delayed development or impairment of the child’s physical,
learning, language, or behavioral capabilities [17]. Parents of children with DDs often
experience greater parenting stress [18,19] and poorer psychological coping [20], among
other negative outcomes [21]. At the same time, greater challenges of raising a child
with a DD and its associated parenting effects are also related to worse child outcomes
such as poorer social skills [22]. A model proposed by Armstrong and colleagues [13,23]
integrates family processes, social support, quality of parenting, and child outcomes such
as socioemotional and behavioral issues. In this model, social support consists of both kin
and non-kin sources and serves as a mediating factor between other environmental factors
and eventual family well-being and child outcomes. However, it is acknowledged that
there is scarce understanding about how social support functions in the context of child
DDs or with socioemotional difficulties, which is therefore not well integrated into both
assessment and intervention in such exceptional situations. Additionally, social support in
Armstrong et al.’s model [13] does not disambiguate between the support that originates
from the parents’ or caregivers’ family, community, or peers, which is particularly important
especially in the context of cultural differences in the living arrangements of households,
where households of non-Western cultures typically consist of more than a single nuclear
family (i.e., parents or caregiver and child(ren) only [24]) [3,5,25], thereby increasing the
likelihood of family support originating disproportionately from other family members
over other sources.
The lack of studies about how extended families interact in parenting, and especially
in the case of child DDs, disproportionately affects families and households residing in
non-Western cultures, typically lower income regions of the world. This seems in contrast
with the fact that the incidence of DD cases is higher in low- and middle-income countries
(LMICs) with respect to high-income countries [26–30]. Moreover, low-income families
tend to experience more negative outcomes due to greater parenting stress [31]. Focusing
on non-Western cultures is therefore a critical aim, to investigate differences in attitudes
towards child DDs or in parenting style and functioning [32–34], as well as different causes
of child DDs (e.g., intermarrying). In fact, the interest in cross-cultural studies in the area
of child development has steadily grown [35] in order to understand how the vulnerable
population of families of children with DDs may be uplifted globally [36,37].
Building on the previous studies focusing on DDs in LMICs [38,39], which focused on
the different parenting strategies for children with different severities and types of DDs
and other socioeconomic factors, this study considers the role of the family network in
examining the issue of parental caregiving and child DDs.
Aim of this Study
Based on the above literature, this study aims at examining how parental caregiving
can be influenced by the child’s developmental status and family support in the context of
LMICs. This study adopts an exploratory approach based on graph theory to determine
the family network (and by extension, the extent of family support available to a child) and
its relation with the severity of child DDs and the caregiving the child receives.
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2. Methods
2.1. Dataset
To address the research aim, this study relies on the Multiple Indicator Cluster Survey (MICS) [40]. Developed and executed by UNICEF, the MICS is a global, nationally
representative, comprehensive household survey with more than 200 key indicators measuring physical and social conditions of well-being among men, women, and children.
The third administration of the MICS (MICS3), used in this study (2005–2007), comprises
three modular questionnaires designed to elicit information regarding the household and
women and children under five years living in the household. Each module focuses on
specific members of the household within a specific age range. A subset of these modules
(described below) was selected in the current study to examine the relationship between
the family network, child disabilities, and caregiving practices.
Participants
In the administration of the MICS, households were randomly selected for participation by using a hierarchical process that began from census enumeration areas, subsequently narrowed down to segments in each area, and finally to particular households
within each segment [41]. Participants considered in this study were those who completed
all the modules specified in the sections below. However, the target age ranges of each
module differed: the Child Disabilities module examines children aged between 2 and 9
years, whereas the modules about parental caregiving target children aged under 5 years.
As there is an overlap in the age ranges of the modules, the participants considered in this
study were children aged between 2 and 5 years. Only one child for each household was
chosen for the analysis using a random selection.
The final dataset was composed of 22,405 children (males = 11,471; age (months):
mean = 40.8, SD = 9.9) from 14 LMICs (see Table 1). During the data collection, ethics
approvals were obtained separately at each site. The use of MICS3 data for the purposes
of this study was approved by the Internal Review Board of Nanyang Technological
University.
Table 1. Partitioning of the sample of the study into the 14 low- and middle-income countries. Income
group data refer to the year 2019.
Country

N

NM N D

NSDD

Income Group

Albania
Belize
Cameroon
Central African Republic
Djibouti
Georgia
Ghana
Lao PDR
Mauritania
Mongolia
Mozambique
Suriname
Uzbekistan
Yemen

666
363
2088
3047
192
990
1051
1697
1782
1801
4175
973
2433
1147

647
333
1984
2748
158
949
1021
1670
1696
1754
4134
926
2419
1090

19
30
104
299
34
41
30
27
86
47
41
47
14
57

Upper-middle
Upper-middle
Lower-middle
Low
Lower-middle
Upper-middle
Lower-middle
Lower-middle
Lower-middle
Lower-middle
Low
Upper-middle
Lower-middle
Low

2.2. Child Developmental Disabilities
To measure the extent of disability of each child, a Child Disability Index (CDI) was
computed based on information from the Child Disabilities module of the “Household
Questionnaire”. The Child Disabilities module is based on the “Ten Questions Questionnaire” (TQQ) that was answered by either the mother or primary caregiver of the child in
question [42–44]. The TQQ includes a series of close-ended, dichotomous “yes/no” questions screening for the presence of any cognitive, language, sensory, or motor impairment

Disabilities 2021, 1

61

in a child (see Table 2). The TQQ is broadly used for in-the-field studies and population
screening, as it is a practical and swift method of obtaining easily comparable data on child
disability across the globe [45]. However, the “Ten Questions” are unable to determine the
severity of any disability [46,47]. In the present study, the CDI was derived by the count of
positive answers associated with a disability out of the “Ten Questions” (Figure 1), with a
larger CDI value reflecting the presence of multiple disabilities.
Table 2. “Ten Questions” that screen for child disabilities. The answer indicating disability column
indicates the answer associated with a potential disability.
Question

Answer Indicating Disability

Q1

Any serious delay sitting, standing, or walking?

Yes

Q2

Does she/he have difficulty seeing in the daytime
or nighttime?

Yes

Q3

Does she/he appear to have difficulty hearing?

Yes

Q4

When you ask her/him to do something, does she/he
seem to understand what you say?

No

Q5

Does she/he have difficulty walking or moving?

Yes

Q6

Does she/he have fits, become rigid, or
lose consciousness

Yes

Q7

Does she/he learn to do things like others?

No

Q8

Can she/he say recognizable words?

No

Q9A

Can she/he name at least one object? (for 2 year
old children)

No

Q9B

Is her/his speech in any way different from normal?
(for children older than 2 years)

Yes

Q10

Compared to other children, does she/he appear
mentally backward, dull, or slow?

Yes

Figure 1. Distribution of the Child Disability Index (CDI). In red are the children that are categorized
as having Severe Developmental Disabilities.

Only for the purposes of the post hoc analyses, children were categorized into two
groups based on the severity of the disability condition. As the presence of multiple
disabilities may indicate more severe conditions, a child with a CDI of at least 3 was
classified as having severe disability (SDD; N = 876), while a child with a CDI of less than
3 was classified as having mild or no disability (MND; N = 21, 529). This threshold was
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determined empirically based on the balance between two considerations. Firstly, a lower
threshold value was needed in order to have a statistically relevant number of children in
the category of severe disability. On the other hand, a higher threshold value was needed
to avoid including children with actual mild conditions in the category of severe disability.
The decision of considering only two groups, MND with less severe cases and SDD with
more severe cases, accounted for the fact that the TQQ is not a diagnostic tool, and lower
scores might be due to a bias in the evaluation of the parent or other factors: a study on
children from Bangladesh [42] reported that only 22% of children scoring positive to the
TQQ were diagnosed with a serious disability condition. In this study, higher scores were
assumed to be more likely associated with clinically relevant disability conditions.
2.3. Household Listing
The “Household Listing” module of the “Household” questionnaire was used to
record the presence and relationships of different members of the household living together.
In this study, these data were used to create the family graph of each household, to
mathematically represent the parental relationships between all members of the household
(Figure 2). First, the information about who, in the household, was the father and the
mother of each household member was obtained, thus obtaining the “mother-father-child”
triplets. Then the triplets were linked, also based on information from the indicator
“Relationship to the household head” to link the floating nodes, whenever possible.

Figure 2. Steps to create the family graph, starting from information from the Household
Listing module.

The PageRank score was computed for each node in the graph. PageRank considers
both the number and quality of the linked nodes to quantify the importance of a node
in a network. PageRank was initially developed to rank web pages in terms of their
importance in the World Wide Web, and it is has broadly been used in scientific research,
for instance in the study of various networks ranging from neuronal connections [48] to
protein interactions [49,50]. In this study the PageRank score was used to quantify the
importance of each child within the family graph (Figure 3). The creation of the family
graphs and the computation of the PageRank score were based on the networkx Python
package [51] (networkx.org, accessed on 18 March 2021).
2.4. Caregiving
To quantify the amount of caregiving that each child received, the “Caregiving” module from the questionnaire “Children Under 5” was used. The caregiving module in MICS3
has been used previously to investigate parental caregiving behavior [38,52–54].
The Caregiving“ module determines who in the household was responsible for initiating six different activities of caregiving. Three activities are relevant to the child’s cognitive
development: “Read Books”, “Tell Stories”, “Spend Time/Name,Count,Draw”, and three
are activities relevant to the child’s socio-emotional development: “Sing Songs”, “Take
Outside”, “Play”. For each activity, the module determines whether the child’s mother,
father, and/or other caregivers engage in the activity. For each activity the number of
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caregivers performing the activity (from 0: no one performs the activity; to 3: the mother,
the father and another caregiver perform the activity) was counted, to compute the total
caregiving score as the sum of the counts across the six activities (Figure 3).

Figure 3. Distribution of the PageRank score (A) and Caregiving score (B).

2.5. Parental Education
The parental education (PE) for each child was obtained by computing the average
education level of each child’s parents. The reported education levels in the MICS reflect the different educational systems that are found in each country, and their specific
characteristics. Similar to other studies [54,55], to obtain a consistent indication across
the whole dataset, the reported education levels were recoded using an ordinal variable
with 4 categories: no education (0), preschool/kindergarten (1), primary (2), secondary
(3), and higher (4). Since the caregiving score is significantly associated with the PE
(rs = 0.29, p < 0.001), to adjust the caregiving score for the PE, a generalized linear model
(GLM) to predict the caregiving based on PE was fit. The residuals of the fitted GLM represent the total caregiving score adjusted for the PE, and were then used in the following
analyses steps.
2.6. Data Analysis
A GLM was fitted to evaluate the effect of (a) disability (CDI), (b) child’s importance
in the family (child’s PageRank score), and (c) their interaction on the level of caregiving
received adjusted for PE. Post hoc analyses were then conducted to separately investigate
the association between child’s importance and adjusted caregiving. Spearman correlations
were performed to assess the association between the adjusted caregiving score and the
PageRank, for both the MND and SDD disability groups. Spearman correlation was selected
instead of the Pearson correlation to allow for any monotonic relation between the variables.
3. Results
Results from the GLM (Table 3) indicate that the PageRank significantly predicts the
amount of caregiving the child received. The main effect of CDI was not significant, but a
significant effect of the interaction between CDI and PageRank emerged.
Post hoc Spearman correlations assessed whether the amount of caregiving the child
receives is significantly associated with child’s importance in the family graph. A significant
association emerged for children with mild or no disability (MND group, N = 21,529,
rs = 0.029, p < 0.001), but not for children with a severe developmental disability (SDD
group, N = 876, rs = −0.002, p = 0.952).
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Table 3. Coefficient of the CDI and PageRank of the general linear model with z- and p-values.

Intercept
CDI
PageRank
CDI*PageRank

Coefficient

SE

z-Score

p-Value

0.130
−0.001
−0.015
−0.006

0.001
0.001
0.003
0.003

152.94
−1.53
−4.70
1.97

<0.001
0.125
<0.001
0.049

4. Discussion
In the current study, PageRank is used to obtain an objective measure of the importance
of the child within the network of relationships between members of an household, in
LMICs. The analyses revealed that the caregiving the child receives is associated with the
importance of the child within the network, and, moreover, also depends on the interaction
between the child’s importance and DD status. The child DD alone resulted in a non
significant predictor of the caregiving the receives. The significance of the child’ importance
within the family suggests that it is critical to consider the context of human networks and
family structures, to better investigate child development and parenting practices.
On the other side, post hoc analyses conducted to investigate the interaction between
child importance (PageRank) and disability revealed a significant association, albeit with
small effect size, between the PageRank and the Caregiving score only for MND children.
These findings suggest that additional factors should be considered alongside the family
network, in particular for MND children.
This study sheds some light on how households allocate their resources among each
household member, where a significant factor for this allocation depends on the relative
importance of the particular member to the rest of the household. Although somewhat
tangential in nature, the present finding is congruent with the resource dilution theory
proposed by [56–60]. Originally studied in terms of intra-household resource allocation
in economics and sociological research, the resource dilution theory posits that a larger
household size would necessarily dilute the amount of finite resources available among
a larger group of individuals, and has been found even in less tangible resources such as
parental attention and companionship [61]. This may be the case for larger households
typical in LMICs [3,5,25].
However, children of lower importance within a large household might not only
experience diluted resources—in terms of lower quality or lower frequency of caregiving—
but also be disproportionately allocated lesser caregiving resources as compared to other
children with higher rankings. By providing a method to quantify child importance in a
family, the approach adopted in this study could be useful to address open points about
the allocation of resources, for instance the failure of achieving Pareto efficiency (maximum
efficiency) in intra-household resource allocation among extended families [62].
On the other hand, the lack of significance in child DD status on received parental
caregiving is contrary to past findings that child DD is a significant risk factor for parental
neglect (i.e., low or absent caregiving) [63–67]. However, this finding may show that it is
not simply the developmental status of a child that determines the eventual level of care
received, but rather the implications of how child DD interacts with other factors, such as
socioeconomic status and parental education level [39].
Lastly, a significant interaction effect emerged between PageRank metrics and child
DD in the level of caregiving. While there was no difference in level of caregiving between
high and low PageRank metrics for children with SDD, PageRank and caregiving showed
a positive correlational relationship among children with MND. The interaction effect
was further investigated in the post hoc analysis which suggested that only children
with MND benefit from a higher importance in the family graph in terms of caregiving
received. In other words, children with SDD with higher importance (High PageRank) do
not receive significant more caregiving than children with SDD with lower importance
(Low PageRank). Our interpretation involves the caregivers’ self-stigma that children with
more severe DD are harder to care for than children with MND [68]. This self-stigma
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might then result in a self-fulfilling prophecy that children with SDD face more problems,
which in turn exacerbates negative child outcomes. Some examples of this self-stigma can
manifest through caregivers’ attitudes towards children with SDD. It has been found that
parents and caregivers tend to have reservations towards including children with SDD in
education programs [69], with parents tending to view children with disabilities as having
lower socioemotional and behavioral skills [68,70]. While, in general, the importance of the
child in the family affects the level of caregiving the child receives [62] as explained above,
this self-stigma [68] might reduce or override this effect. However, additional studies
are required to clarify the nature of this relation between child DD and importance in
the family network: for instance, considering whether having more children serves as
protective factor, and the role of siblings in the caregiving practices.
4.1. Limitations
The use of a household survey in determining PageRank metrics may not be flexible
enough to account for the fluid and complex family structures of modern households [71–73].
For example, the household data would have difficulty in accounting for divorced families
where family members may not be living together or have alternative, or temporary, living
arrangements for the child [74,75]. Future studies may wish to make use of alternative
family network data, such as social network methods proposed by [76] to confirm the
present findings.
Additionally, our methodology did not use formal assessments of DD, which would
have allowed for finer categorization of types of child DD, as well as a lower margin of
error as compared to the “Ten Questions Questionnaire”, as the tool tends to produce some
false positives [42]. However, testing positive to the TQQ is significantly correlated to also
being diagnosed with a disability [77]. The likelihood of false positives may also strengthen
the results reported in this study between child SDD, family network and caregiving as it
is now more likely that the significant finding was contributed by a smaller sample than
is estimated.
Although the Caregiving Module of the MICS has been broadly used in the literature
to investigate caregiving practices in LMIC [38,52–54], it mainly focuses on cognitive and
socio-emotional activities. Other caregiving aspects or activities were not considered in
this study.
Finally, it should be noted that only the third iteration of MICS was employed in
this study, indicating only cross-sectional data without longitudinal follow-up to ascertain
causality. An important consideration for making use of MICS3 was due to the fact that
this was the last MICS study to include the “Ten Questions” to measure child DD. Future
studies may wish to employ common pools of data in order to derive significant trends in
this area over time, as some aspects of parenting and child disability may have changed in
the last decades.
4.2. Implications
The present findings contribute to our understanding of how family networks and
support are related to parental caregiving within the context of child disability status in
LMICs. From the findings, we are able to elucidate some significant factors that may
be considered when designing public policies and programs with the family and child
disability in mind. Especially for LMICs where household sizes tend to be larger, studies
of this nature would be able to contribute to the present understanding of complex family
processes behind caregiving decisions of a vulnerable population.
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