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ABSTRACT
Norms within Networks: Opinion Leader and Peer Network Influences on Mothers/Caregivers’
Childhood Immunization Decisions in Rural Northern Nigeria
Allison B. Goldberg
Background & Significance
Why do some mothers/caregivers immunize their children while others don’t? What role
do social norms within networks play in the inequitable uptake of childhood immunizations in
northern Nigeria? A large body of research has been devoted to investigating the determinants
of immunization acceptance in developing countries. Up to this point, however, most of this
research has focused on individual-level explanations – such as maternal age, maternal
education, household wealth, maternal knowledge about the benefits of immunizations, and
previous health-seeking experiences – to account for variance in immunization use. Scant
attention has been paid to the ways that social factors influence this outcome.
This dissertation aims to fill this critical gap in the literature by investigating the impact
of social network characteristics and norms on immunization use among a sample of
mothers/caregivers in rural, northern Nigeria. More specifically, this study uses a formal social
network analysis to examine how the structure of mothers/caregivers’ relationships with opinion
leaders and peers impact their decisions to immunize their children. This research makes a
unique contribution to the literature by putting the social networks of mothers/caregivers at the
center of its analyses, and examining how social relationships impact immunization decisions in
a setting with some of the worst childhood immunization coverage rates in the world.

Research Aims
This study draws on theories of social networks and social norms in order to explain the
variance in childhood immunization coverage rates among a sample of mothers/caregivers in
Zamfara State, northern Nigeria. The aims of this research are to 1) test whether injunctive and
descriptive norms towards immunizations are linked to mothers/caregivers’ immunization
decisions; 2) examine whether the theorized constructs of social control and social learning
underlie injunctive norms and descriptive norms around immunizations; 3) assess the degree to
which injunctive and descriptive norms influence mothers/caregivers immunization behaviors;
and 4) test whether the structural properties of closeness and frequency of communication about
immunizations moderate the influence of injunctive and descriptive norms on
mothers/caregivers’ immunization use.
Research Design & Methods
This study employed a refined ego-centric network design that uses quantitative and
geographic data collected in October-November 2011, from 550 mothers and 127 of their
opinion leaders living across 22 paired villages in one local government area in Zamfara State,
northern Nigeria. Validity tests were conducted to assess the accuracy of the injunctive norms
measures and a latent variable model was utilized to generate more valid indicators of them.
Mixed effect models, adjusting for clustering at the compound and village levels, were used to
test all study hypotheses. Sensitivity analyses were conducted to confirm study results.
Findings
The results indicate that injunctive and descriptive norms independently predict
mothers/caregivers’ immunization use in their peer networks, but not in their opinion leader
networks. The results also confirm that social control underlies injunctive norms and that social

learning underlies descriptive norms. Injunctive norms are more influential than descriptive
norms in mothers/caregivers’ peer networks, indicating that social control is operating as a
stronger force on mothers/caregivers’ immunization decisions than reflective observations of
their peers’ immunization behaviors.
The results also show that that the influence of injunctive norms in opinion leader
networks on mothers/caregivers’ immunization use partly depends on whether or not they have a
close relationship with their opinion leaders. Frequency of communication between
mothers/caregivers and their opinion leaders and peers strengthens the influence of descriptive
norms on immunization use. This indicates that both communication and observed
immunization practices are necessary conditions for normative influences to operate.
Conclusion
This study provides additional evidence to support the claim that health outcomes depend
not just on individuals’ own beliefs and actions, but also on the normative beliefs and actions of
the people around them. To improve the effectiveness of interventions aimed at improving
immunization acceptance, researchers and programmers alike should treat mothers/caregivers not
only as individuals, but as members of meaningful and influential interpersonal networks. By
embracing this approach, we will improve our understanding of the determinants of routine
immunization use in developing countries, while accelerating the impact of immunization
programs on child survival outcomes in contexts, like northern Nigeria, with some of the worst
immunization coverage rates in the world.
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CHAPTER 1
SETTING THE STAGE

The introduction of vaccines to prevent deadly childhood illnesses is one of the greatest
public health achievements of the 20th century. Universal immunization has led to the
eradication of smallpox and has almost completely eliminated infectious diseases, like polio,
from the globe. The global immunization coverage rate1 has increased from 75% in 1990 to 83%
today as result of international commitments to reduce childhood illness and death by two-thirds
worldwide (Brown, Burton, Gacic-Dobo, & Karimov, 2012). Through focused efforts,
immunization programs have reached 75% of children globally and have continued to prevent
two million child deaths each year (World Health Organization [WHO], 2010; United Nations
Children’s Fund [UNICEF, 2010).
Despite remarkable progress, many children remain unvaccinated and thus unprotected
against preventable diseases. Almost one-third (29%) of all deaths among children below five
years of age are caused by illnesses – such as measles, pneumococcal diseases, and tetanus – that
could have been prevented by a vaccine (WHO, 2010). The number of children left unprotected
from vaccines increased by more than a million between 2010 and 2011, leaving more than 22
million children unvaccinated against preventable diseases worldwide (Centers for Disease
Control and Prevention [CDC], 2012).
Vaccination coverage rates are even more alarming in developing countries where
vaccine-preventable diseases – such as measles, poliomyelitis, tuberculosis, whooping cough,
diphtheria, and tetanus – are the main cause of child illness and death (Lee, 2005). About 95% of
1

Immunization coverage is calculated as the % of those in the target age group who received a dose of a recommended vaccine
by a given age. Diphteria-pertusis-tenatus-3 (DPT3) coverage by age 12 months is assumed to be the measure of global
immunization coverage and country-level immunization coverage unless specified otherwise.

1

the 14 million deaths among children below five years of age occur in developing countries. Of
these deaths, 70 % are due to vaccine-preventable diseases (UNICEF, 2005). While global
immunization coverage rates have steadily increased from 20% in the 1980s to 83% today,
coverage rates in sub-Saharan Africa have vacillated, increasing from 10% in 1980 to 76% in
1990, and then decreasing from 77% in 2005 to 71% in 2011 (Brown, Burton, Gacic-Dobo, &
Karimov, 2012). The 71% immunization coverage rate in sub-Saharan Africa is particularly
concerning, since it is well below the 90% coverage rate necessary to stop disease transmission
(Abdulraheen, 2011).
The Case of Nigeria
According to the WHO, the persistence of vaccine-preventable diseases in Nigeria can be
largely attributed to the under-utilization of available vaccines (WHO, 2005). Of all the children
left unvaccinated against preventable diseases in the world, around half live in three countries:
India, Indonesia and Nigeria (CDC, 2012). In Nigeria, over one million children die annually
from preventable diseases, making it one of the least successful countries in the world in
improving child survival (Ngowu, Larson, & Kim, 2008). In 2009, only 23% of children aged
12-23 months received all recommended vaccinations.2 That same year, 38% of children in this
age group received none of their vaccinations (Nigeria Demographic and Health Survey
[NDHS], 2009). Although there was an overall increase in immunization coverage rates in the
country between 1999 (31%) to 2010 (estimates range from 69 to 74%), international and
country-level data both show a sharp decline in coverage rates in 2011 (estimates range from 47
to 61%; see Figure 1).
2

Nigeria’s routine immunization schedule stipulates that a child must receive the following immunizations by the time they are
nine months (the ideal standard) to 12 months (the acceptable standard) of age: one dose of the bacillus calmette-guerin (BCG)
vaccine; four drops of the oral polio virus (OPV) vaccine; three doses of diphtheria, pertusis, and tetanus (DPT) vaccine; three
drops of the hepatitis B vaccine; one dose of the measles vaccine; one dose of the yellow fever vaccine; and two doses of vitamin
A.

2

Figure 1. DPT3 Immunization Coverage in Nigeria, 1999-2011
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In the northern region, the immunization coverage statistics are even more dismal.
According to the most recent Demographic and Health Survey in Nigeria (NDHS), the
immunization coverage rate in the north is seven times lower (6%) than in the south (43%;
NDHS, 2009). The particularly low immunization coverage rate in this region has had grave
implications on the country’s child population, as clusters of under- and unvaccinated children
have increased the vulnerability of the rest of the population to outbreaks of vaccine preventable
diseases. As a result, Nigeria now ranks second worldwide in childhood deaths and 17th
worldwide in under age five deaths (CDC, 2012).
International organizations estimate that if vaccination efforts were scaled-up and
available vaccines widely accepted, an additional four million child deaths could be prevented
globally each year (UNICEF, 2005; WHO, 2005). As such, understanding the factors that
increase use of available immunizations – especially in countries, like Nigeria, that has some of
3

the highest under-vaccinations rates in the world – is critical to strengthening routine
immunization services and slowing down the spread of preventable childhood diseases
The Literature
It is widely accepted by researchers that individual-level characteristics – such as
maternal age, maternal education, household wealth, maternal knowledge about the benefits of
immunizations, and previous health-seeking experiences (e.g., the use of antenatal care, other
health services for children, and child delivery in a clinic) – are important determinants of
immunization use. Indeed, these variables have been consistently shown to drive immunization
use in a range of developing countries (Acharya & Cleland, 2000; Antai, 2009a, 2010; Babalola
& Lawan, 2009; Bhuiya, 1995; Breiman et al., 2004; Gage, Sommerfelt, & Piani, 2007; Ibnouf,
van den Borne, & Maarse, 2007; Jamil, Bhuiya, Streatfield, & Chakrabarty, 1999; Jani, De
Schacht, Jani, & Bjune, 2008; Magnani et al., 1996; Oladokun, Lawovin, & Adedokun, 2009;
Onyiriuka, 2005; Owais, Haif, Siddiqui, Agha, & Zaidi, 2011; Owino, Irimu, Olenja, & Meme,
2009; Oyo-Ita, Fakunle, Fajola, & Edet, 2012; Schoeps, Gabrysch, Niamba, Sle, & Becher, 2010;
Siddiqi, Siddiqi, Nisar, & Khan, 2010; Tadesse, Deribew, & Woldie, 2009; Takum, Padung,
Joshua, Mnickam, & Murhekar, 2011). For example, a study in Nigeria using 2003 NDHS data
found that having a wealthier mother with a secular education significantly increased a child’s
likelihood of full immunization3 (Antai, 2009a). A study in Bangladesh found similar results –
children aged 12-23 months were more likely to be immunized if their mothers had a secular
education, were older (over 29 years of age), and were in a high wealth quintile (Bhuiya, 2005).

3

According to WHO guidelines, a child is considered to be non-immunized if they have received zero of the eight vaccinations in
the EPI schedule. They are considered to be partially immunized if they have missed any one of the eight vaccinations in the EPI
schedule and non-immunized. Finally, they are considered to be fully-immunized if they have received the full complement of
eight vaccinations in the EPI schedule (World Health Organization [WHO], 2005).

4

The role of maternal knowledge on immunization use has also been widely explored in
the literature (Acharya & Cleland, 2000; Babalola & Lawan, 2009; Eng, Naimoli, Naimoli,
Parker, & Lowenthal, 1991; Jamil et al., 1999; Jani et al., 2008; Magnani et al., 1996; Owais et
al., 2011; Owino et al., 2009; Schoeps et al., 2010; Siddiqi, 2010; Tadesse et al., 2009). A study
investigating the lack of childhood immunization acceptance among Togolese mothers found
that inadequate knowledge about the individual and community benefits of immunization
negatively impacted their use of this health service (Eng et al., 1991). Also mentioned in this
study were some higher-level issues regarding regular access to vaccines and adequate
knowledge about when to return to health clinics for immunizations; these are indicative of the
important role that a robust public health system – with a consistent supply of vaccines and a
system to notify mothers when their child is due for a vaccination – plays in ensuring routine
immunization use.
Other individual-level characteristics, such as household structure (Gage et al., 2007),
migration status (Antai, 2010), and religious affiliation (Antai, 2009b) have also been shown to
be key influencers of immunization use. For example, a recent study found that children living
in nuclear or extended family households were more likely to be fully-immunized than children
living in polygamous, three-generational households4 (Gage et al., 2007). A different study
found similar results: children living in nuclear or extended family households had higher odds
of immunization than children living in polygamous, three generational households, and this
relationship was strengthened, if the family was in a high versus low wealth quintile (BronteTinkew & Dejong, 2005).

4

A polygamous, three-generational household is a household where the head has more than one wife and includes the parents or
parents-in-law of the head.

5

Migration status has also been shown to influence immunization use (Antai, 2010; Jani et
al., 2008; Kiros & White, 2004). A quantitative study in Nigeria of children 12-23 months of age
found that children of rural, non-migrant mothers had a higher likelihood of full immunization
than children of rural-urban migrant mothers (Antai, 2010). The difference between migrant and
non-migrant families was explained by two factors: a) migrants’ loss of social support to help
identify and pay for transportation services to vaccination sites; and b) disruptions in incomegenerating opportunities, lessening the resources available to help cover vaccination-related costs
(Antai, 2010). The mechanisms linking migrant status to poor vaccination outcomes highlight
the continued relevance of financial and physical barriers to immunization acceptance. This
finding is consistent with other studies which show that distance to a health facility (Kadobera,
Sartorius, Masanja, Mathew, & Waiswa, 2012; Larson, Mathanga, Campbell, & Wilson, 2012;
Mwaniki, Kabiru, & Mbugua. 2002; Schoeps et al., 2010; Schwarz et al., 2009; Takum et al.,
2011) and vaccine costs (Eng et al., 1991; Schwarz et al., 2009) can impede immunization
uptake.
Religious affiliation has also been shown to have a marked impact on immunization
acceptance. A quantitative study using 2003 DHS data found that children of Muslim and
traditionalist mothers have three-times the risk of not being immunized than children of Christian
mothers do (Antai, 2009b). According to the author, there are two explanations for this
difference: a) the interpretations of specific Islamic doctrines (e.g., the Qur’an and the Hadith)
lead some Muslim parents to believe that vaccinations are ineffective or a sacrilegious practice;
and b) Muslims in Nigeria happen to be less educated and poorer than Christians who commonly
reside in the southern region, which makes them less likely to accept childhood vaccinations.
The author used the first explanation to explain why some Muslim parents do not immunize their

6

children against any preventable disease in Nigeria. The second explanation was used to explain
why some Muslim parents decide to partially immunize their children. An ethnographic research
study in northern Nigeria validated these claims by showing that parents’ decisions to immunize
their children was dependent on their interpretations and understanding of Islamic doctrines, as
well as their social class and level of education (Renne, 2010).
Bridging the “Social” Gap in the Literature
As the previous section demonstrates, a large body of research has been devoted to
investigating the determinants of immunization acceptance in developing countries. Up to this
point, however, most of this research has accounted for variance in immunization use by
focusing on individual-level explanations. While this work has made important contributions to
the immunization literature, it has largely neglected to explore the role of social factors in
determining immunization use.
It is widely believed that people are interconnected and that, as a result, their decisions
and actions are also interconnected (Smith & Christakis, 2008). This theory of social networks,
which is rooted in the classic works of anthropology in the late1960s (Levi-Straus, 1969), has
been tested by researchers in a range of fields to explain a range of phenomena (Smith &
Christakis, 2008). In the field of public health, social networks have been used to explain health
outcomes, such as mortality (Berkman & Syme, 1979; Blazer, 1982; Cassel, 1976; Cobb, 1976;
House, Robbins, & Metzner, 1982), depression (Burt, 1987; Ueno, 2005), substance use (de
Belvis et al., 2008; Smith & Christakis, 2008) and the likelihood of becoming obese (Christakis
& Fowler, 2007). Despite widespread recognition that people are influenced by those around
them, and that this influence has had a marked impact on health, there is a still a “rudimentary

7

understanding of the effects of social networks on immunization decision-making” (Opel &
Marcuse, 2013).
To my knowledge, only three studies have purposively explored the impact of social
networks on immunization use. In the 1990s, Hershey, Asch, Thumasathit, Maszaros, and
Waters (1994) hypothesized that three main factors – altruism, free-riding, and bandwagoning –
influenced immunization decision-making. Of these three factors, bandwagoning (doing what
most other people are doing) was found to have the greatest impact on immunization use. An
international ethnographic study found a similar result (Streefland, Chowdbury, & RamosJimenez, 1999). This multi-country study found a collective dimension to immunization
decision-making, where parents reported vaccinating their children because “everybody else did
it, and it seemed like the normal thing to do (p. 1712)” or because they felt social pressure from
health workers and community leaders to follow the recommended vaccination schedule
(Streefland et al., 1999).
A more recent study on the impact of social networks on immunization use (Brunson,
2013) also found evidence that immunization decisions were a collective result of individual
decisions made by interdependent users. This study, conducted among a sample of parents living
in King County, Washington, found the % of people in parents’ networks recommending nonconformity (defined as delaying, partially vaccinating, or not vaccinating their children at all) to
be the biggest predictor of immunization use (Brunson, 2013). In fact, the people in parents’
networks were found to be more important than any other source of information (e.g., books,
research articles, and internet) investigated in the study.
Brunson’s study is important because it is the first to use a formal social network
analysis to explain how specific features of social networks influence immunization use.

8

However, the author recognizes that in order to develop a complete understanding of the
relationship between social networks and immunization use, more evidence is needed on the
social network characteristics that impact this outcome (Brunson, 2013). This dissertation
attempts to fill these critical gaps in the literature by investigating the impact of social network
characteristics, norms, and processes on immunization use among a sample of
mothers/caregivers in rural, northern Nigeria. More specifically, this study uses a formal social
network analysis to examine how the structure of mothers/caregivers’ relationships with opinion
leaders and peers impact their decisions to immunize their children. This research therefore
makes a unique contribution to the literature by putting the social networks of mothers/caregivers
at the center of its analyses and examining how social relationships impact immunization
decisions in a setting with some of the worst childhood immunization coverage rates in the
world.
Organization of Dissertation
The remainder of this dissertation is organized as follows. In Chapter 2, I set the stage for
the analysis by presenting my theoretical framework and hypotheses. Chapter 3 is a description
of the methods used in this dissertation. Chapters 4 and 5 are devoted to the analysis. In Chapter
6, I describe the results of the analysis, the study’s limitations, and implications of its results for
future research and practice.

9

CHAPTER 2
THEORETICAL FRAMEWORK & HYPOTHESES

Over the past decade, there has been increased conceptual and empirical attention
dedicated to examining the relationship between social networks – defined as the web of social
contacts which surround an individual (Smith & Christakis, 2008) – and health. This work is
based off of the seminal research conducted by Durkheim (1897) in his book Suicide. In his
book, Durkheim studied differential rates of suicide in European countries during the 19th
century and found heavily Roman Catholic and Jewish areas to have lower suicide rates5 than
Protestant areas. Durkheim’s general theory was that religious society protected individuals
from the growing forces of isolation and anomie (defined as the breakdown in social norms and
values) in the modern world. The religious communities of Catholicism and Judaism protected
its members against suicide by providing them with a “sufficiently intense collective life”
(Durkheim, 1897, p. 170).
Protestantism, however, did not provide the necessary levels of social support that
individuals required for overcoming the social forces that increased suicide rates in the modern
landscape. While Catholicism strongly integrated members of its community through a set of
beliefs and practices and Judaism provided a strong sense of solidarity to its members,
Protestantism encouraged its members to engage in free inquiry and incorporated fewer rituals.

5

According to Durkheim (1897), there are four specific types of suicide: egoist, anomic, altruistic, and fatalistic. Egoistic suicide
is relevant to this dissertation since it is thought to result from a “pathological weakening of bonds” between an individual and
society (Edles & Appelrouth, 2005). At the opposite end of the spectrum, is altruistic suicide, which results from overintegration, or an overload of obligations, that take prevalence over an individual’s own needs (Edles & Appelrouth, 2005).
Anomic suicide is thought to result from a lack of moral regulation or normlessness (anomie), while fatalistic suicide occurs as a
result of oppression (Durkheim, 1897).
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As a result, Protestants experienced feelings of disconnection and lack of purpose, which
ultimately made them more susceptible to suicide.
Since Durkheim developed his theory on suicide, scholars have attempted to recast it
within the network tradition (Pescosolido & Georgianna, 1989). Scholars have clarified that the
religious “society” that Durkheim emphasized as influencing suicide rates in the early 19th
century as actually being a consortium of smaller social circles or networks. According to Tilly
(1984), Durkheim’s reliance on the term religious “society” weakens the power of sociological
explanation. This is because “society” is a “fictitious entity” that is really made up multiple
social circles established through the sharing of social characteristics (Tilly, 1984, p. 27-28).
Therefore, when the notion of “society” is replaced with “networks,” Durkheim’s idea about the
relationship between religion and suicide becomes clearer and more accurate (Pescosolido &
Georgianna, 1989; Wellman, 1983)
The other way that scholars have attempted to recast Durkheim’s theory within the
network tradition is by clarifying that religious networks are not in-and-of themselves a
sufficient explanation for suicide. Indeed, these networks are operating within a larger cultural
context that has the power to facilitate or inhibit acceptance, general norms, and beliefs
(Pescosolido, 1986; White, Boorman, & Brieger, 1976). This context, in turn, constrains
networks and influences whether or not they offer solace to members. Pescosolido and
Georgianna (1989) argue that by combining network conceptualizations with a strong cultural
analysis of norms and beliefs, it is possible to gain a more complete understanding of the
relationship between network structures, suicide, and other human behaviors.
Scholars have attempted to use this new theoretical scheme to empirically test the
influence of networks on a range of human behaviors and outcomes. In the health field,
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researchers have consistently showed that a lack of social networks predict mortality from almost
every cause of death (Berkman & Syme, 1979; Blazer, 1982; Cassel, 1976; Cobb, 1976; House
et al., 1982). More recently, researchers have shown that social networks influence decisions
around cigarette smoking (Berkman, Glass, Brissette, & Seeman, 2000; Wasserman & Faust,
1994; Wellman & Berkowitz, 1988) contraception use (Montgomery & Casterline, 1996), and
substance use (Smith & Christakis, 2008). For the most part, these studies have reinforced
Durkheim’s theory that networks provide access to social support and other intangible resources
that help to block the deleterious effects of social isolation on health (Pescosolido & Georgianna,
1989).
Even though most research on networks have emphasized the salubrious effects of social
networks, some research has shown that social networks have a deleterious effect on health.
This includes hindering smokers and drinkers’ attempts to stop using these substances (Smith &
Christakis, 2008) and preventing close friends and family from engaging in healthy eating
behaviors (Fleury, 1993, Kelsey, Earp, & Kirkley, 1997; Sallis, Grossman, Pinski, Patterson, &
Nader, 1987). This research has also found social networks to increase rates of depression. Falci
and McNeely (2009) found that adolescents with very large friendship networks reported higher
levels of depressive symptoms than those with below average sized-networks. These findings
coincide with the theoretical notion that over-integration can lead to an increase in mental health
problems (Pescosolido & Levy, 2002). In essence, the amount of effort that individuals are
required to exert in order to maintain a large social network can outweigh the benefits of support
received from it (Haines, Beggs, & Hurlbert, 2008).
While social networks researchers have also begun investigating the relationship between
social networks and immunization behaviors, this research has mostly studied social network
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dynamics from an epidemiological, rather than behavioral perspective (Bauch & Earn, 2004;
Perisic & Bauch, 2009a, 2009b). The epidemiological perspective is important, but it has not
considered how the contextual aspects of social relations might serve to channel the spread of
disease. In fact, only one study to date has formally examined the linkage between social
networks and immunization use from a behavioral perspective (Brunson, 2013). However, this
study was conducted among populations living in the US, generating results that do not
necessarily apply to developing countries. This study also did not explicitly consider the
structure of norms within social networks and the critical influence that these norms have on
group member behaviors (Pescosolido & Georgianna, 1989). This dissertation therefore
contributes to the burgeoning social networks literature by being the first to use a behavioral
perspective to formally assess the relationship between social networks, social norms, and
immunization use in a developing country.
This dissertation uses social networks theory in combination with related theories on
social capital, opinion leadership, social norms, and social influence to develop a refined social
networks model to account for the variance in immunization use in northern Nigeria. This
chapter provides a review of these theories and situates the study hypotheses within the context
of this larger literature and the major religious and cultural norms governing social interactions
in northern Nigeria.
Social Networks Theory
Social networks theory purports that decisions and actions are a product of people’s
relationships. Rather than treating actors and their actions as independent, autonomous units,
researchers guided by this approach view individuals as interdependent, or reliant upon one
another to make decisions (Wasserman & Faust, 1994). According to Coleman, “individuals do
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not act randomly with respect to one another. They form attachments to certain persons, they
group together, [and] they establish institutions (1990, p. 31).” Researchers with this view
believe that it is misguided to draw conclusions on the basis of individual attributes,
characteristics, values or other features alone (Wellman, 1988). Instead, they believe that it is
important to examine the structure, or patterns of relationships within which people are
embedded, since these relationships and the interactions within them ultimately determine the
differential flow of information, influence on actions, and social capital (Coleman, 1990;
Wasserman & Faust, 1994; Wellman, 1988). While studies investigating individual attributes
reveal information about the production of human capital – individual-level knowledge, abilities,
and experiences, – analyses of relationships and interactions between individuals provide
insights into the production of social capital (Kim & Cannella, 2008).
Social Networks & Social Capital
There is solid evidence of a linkage between the structure of networks – such as who
interacts with whom and how frequently people interact – and social capital (Burt, 2000).
Bourdieu (1980), who was the first the draw the explicit connection between social capital and
social networks, defined social capital as “the aggregate of actual or potential resources which
are linked to the possession of a durable network of more or less institutionalized relationships of
mutual acquaintance or recognition” (p. 248). Even though definitions of social capital has
evolved over time, social networks researchers continue to recognize that social capital is
embedded in the structure of relations between individuals (Coleman, 1990) and that these
relationships foster a range of resources – including social support, self-esteem, identity,
perceptions of control (Brown & Harris, 1978; Cohen & Syme, 1985), norms of reciprocity, trust
(Coleman, 1990; Putnam, 1995), cooperation, and perceptions of safety (Jacobs, 1960) – that can
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be leveraged for purposive action (Lin, 1999). According to scholars, social capital is “the
resource that actors derive from specific social structures” (Baker, 1990, p. 619) and the “friends,
colleagues, and more general contact through which opportunities to use financial capital, human
capital, and other types of capital arise” (Burt 1992, p. 9).6
Because of the embedded nature of social capital in the structure of social networks,
scholars claim that social capital can be measured by key social networks characteristics. For
example, the location of individuals – measured by density, size, and strength (Borgatti, Jones, &
Everett, 1998) – has been used to assess social capital within a network. Whether network
location is a measure of social capital or a precursor to social capital, however, has been
disputed. According to Lin, “if it is assumed that social capital attempts to capture valued
resources in social relations, network locations should be treated as exogenous variables rather
than endogenous variables of social capital itself” (Lin, 1999, p. 39). For the purposes of this
dissertation, social capital is assumed to be more than mere social relations and networks, but the
resources evoked from them (Brown & Harris, 1978; Cohen & Syme, 1985; Lin, 1999). This is
consistent with a growing consensus in the literature that social capital is the benefits secured by
individuals by virtue of their membership in social networks and the interactions that occur
between members (Portes, 1998).

6

Even though the literature on social capital strongly emphasizes the positive consequences of structural relations–the economic
and non-economic assets that come with sociability–it can also have less desirable outcomes (Portes, 1998). There are at least
four negatives consequences that can result from strong structural ties: the exclusion of others; excess claims on group members;
restrictions on individual freedoms; and downward leveling norms. In more concrete terms, strong social ties can bring about
greater control over wayward behavior, provide privileged access to resources, restrict individual freedoms, and bar outsiders
from gaining access to the same resources, ultimately leading people to experience group solidarity that is cemented by adversity
and opposition (Portes, 1998, p. 21). Although important, exploring the negative consequences of social capital is not within the
scope of this dissertation.
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Social Networks Influencers
Opinion Leaders
Opinion leaders are one group of individuals that have been studied as key sources of
influence in social network research. Lazarsfeld, Berelson, and Gaudet (1944) first introduced
the concept of opinion leaders more than 60 years ago in their seminal work, The People’s
Choice. In this work, the authors analyzed voter decision-making during the 1940 presidential
campaign in the United States. Contrary to common belief, they found voter decisions to be more
greatly influenced by face-to-face encounters with people they considered as influential (coined
opinion leaders) than campaign advertisements used in mass media (Lazarsfeld et al., 1944).
In a later publication, Katz and Lazarsfeld (1955) elaborated this concept in the two-step
flow model of mass communication. In contrast to the hypodermic needle model (or magic bullet
theory), which considered mass media effects to be direct and wholly accepted by receivers
(Davis & Baron, 1981), the two-step model stressed the role of human agency in the flow of
information. The authors theorized that people were not alone in their community, but instead
integrated in one or more groups in which they had relationships with other members. Within
each of these groups or communities were opinion leaders, or “special people that acted as
catalysts,” receiving and transferring media messages, and in the process, exerting a certain
power of influence over others.
Rogers (1995, 2003) advanced the most recent and widely cited developments in the twostep model of mass communication by explaining how, and at what rate, learning flowed between
opinion leaders and other individuals in a community. In his theory, coined diffusion of
innovations, Rogers argued that communication messages flowed from a source, via mass media
channels, to opinion leaders, who in turn passed them on to followers (Rogers, 1995, 2003). He
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clarified, however, that as new innovations (e.g., new ideas, technologies) were introduced into a
population, opinion leaders, who were innovators and early adopters given their willingness to
take a risk as a result of their positions of influence, tried out these new innovations. As word
spread about who used the new innovation and their experience with it in the community, more
people used it until the local population was saturated. Rogers (1995) argued that this learning
process followed a symmetric S-shape adoption curve, indicating an initial slow rate of adoption,
followed by a rapid rate, and then a slow rate of adoption again, as the new innovation matured,
the population became saturated, and other innovations were introduced into the environment.
Rogers recognized the critical role that opinion leaders played in the spread of
innovations within a social system. With pre-existing lines of communication within local
communities – which were strengthened in contexts where people lived in close proximity to one
another – opinion leaders informally influenced attitudes and behaviors with relative frequency
(Rogers, 1995). This work, on the role of opinion leaders in the spread of innovations, sparked
interest among researchers to determine more specifically who these influential people were and
what made them different from members of the average population.
Early studies investigating the defining characteristics of opinion leaders found them to
have a higher level of perceived knowledge and competence, to be more sociable, to have a
higher socioeconomic status, and to have more contact with relevant information supplied from
outside of their immediate circle (Katz & Lazarsfeld, 1955; Nisbet, 2005; Weimann, Tustin,
Vuren, & Foubert, 2007). They also found opinion leaders to be at every level of the social
system, too often hold formal positions of leadership, and to be aware of the fact that they were
sources of information and influence (Weimann, 1994).
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In the last two decades, research on opinion leadership has shifted away from
characterizing opinion leaders by individual attributes to defining them based on their level of
social embeddedness. In other words, opinion leaders are now being defined by various social
network attributes, including the degree to which they actually occupy a position of centrality in
a network (Nisbet, 2005; Weimann et al., 2007). This shift in the field was partly driven by
research emphasizing the influence of social networks on outcomes like political and social
engagement (Granovetter, 1973; Huckfeldt & Sprague, 1995; Knoke, 1990a, 1990b).
To date, the influence of opinion leaders has been examined across a range of fields, from
fashion, to consumer decisions, politics, and health. Opinion leaders with a high degree of
network centrality have been shown to have far-reaching influence, from shaping public opinion,
to changing political behavior, and persuading people to adopt new innovations, like farming
technology and cell phones (Chamala & Shah, 1996; Keller & Berry, 2003). In the area of
health, opinion leaders have been found to influence people’s behaviors, and as a result, improve
care delivered to patients (e.g., cancer pain management; Elliot et al., 1997), rheumatoid arthritis
care (Stross & Bole, 1980), reduce HIV risk practices (Kelly et al., 1991) and increase the uptake
of family planning methods (Rogers & Kincaid, 1981). Studies have also shown that opinion
leaders can have a negative effect on health behavior, such as increasing the likelihood of alcohol
(Terre, Drabman, Meydrech, & Hsu, 1992) and tobacco (Alexander, Piazza, Mekos, & Valente,
2001) use. This research, which has important implications for our understanding of the linkage
between opinion leaders and health, has never investigated the combined effect of a range of
opinion leaders on immunization use and the role that their normative beliefs and behaviors
regarding immunizations play in facilitating the adoption of this health service.
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In this dissertation, religious leaders, political leaders, and traditional medicine providers
will be characterized as opinion leaders. They meet the criteria used to define opinion leaders in
the literature and are therefore assumed to exert influence on a range of decisions, including
those related to the uptake of health innovations, like immunizations. Indeed, these leaders are
viewed as highly competent and are highly respected for upholding the moral precepts of Islam
(all three groups of leaders),7 for providing personalized, culturally appropriate, and holistic care
(traditional medicine providers; Abubakar, Musa, Ahmed, & Hussaini, 2007), and for
maintaining order in dense communities as a result of their formal positions of authority
(political and religious leaders; Elaigwu & Gladima, 2003).
In addition to meeting the criteria used to characterize opinion leaders, the leaders in this
study have proven their power to influence immunization behaviors in northern Nigeria. Islamic
religious and political leader public protests against immunization programs in 20038 are
believed to have largely contributed to the rapid decline in routine immunization uptake during
that time (Yahya, 2007). Traditional medicine providers are used by a majority of Nigerians,
between 80 to 85% of the population (WHO, 2002), and have been cited as providing a
medicinal alternative to immunizations to prevent and treat child illnesses in the northern region
(Renne, 2010).

7

In 1999, the Sharia legal system (Islamic jurisprudence) was instituted at the state level of government in 12 northern states,
including Zamfara State. In Zamfara, the application of the Sharia system transcends personal law, all aspects of civil law, and
criminal law. Islam therefore cannot be disentangled from the larger political system in Zamfara State (Elaigwu & Gladima,
2003).
8

Resistance to immunization programs in northern Nigeria culminated in 2003, when religious and political leaders in Kano,
Kaduna, and Zamfara states boycotted federally sponsored polio immunization campaigns in fear that polio vaccines were
deliberately contaminated with anti-fertility agents and the HIV virus (Kaufman & Feldbaum, 2009). The 16 month suspension of
polio campaigns led to polio spreading into 20 countries, causing 80 % of the world’s polio cases during the stoppage. Concerns
about polio vaccine safety led many parents to believe that their fear of the perceived risks of vaccinating their children
outweighed the benefits of vaccination. As a result, fear regarding the safety of the polio vaccine spilled over to other childhood
vaccines, leading to the spread of other preventable, childhood diseases in Nigeria and surrounding countries (Yahya, 2007).
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Resistance to immunization programs in Nigeria can be traced back to the 1990s when
Nigeria’s national immunization program, the Expanded Programme for Immunizations (EPI; a
national priority in the 1980s where the government established primary health care centers
throughout the country offering free immunizations to children less than two years of age) fell
apart. In the late 1990s, the responsibility for primary health care serviced was transferred to the
local governments as part of the structural adjustment program (SAP) initiated by the
International Monetary Fund (IMF). The SAP required the national government to cut spending
on social services (Renne, 2006) and states to purchase their own vaccines (Umar, 1989). The
lack of vaccine support from the national government to local governments lead to a drastic
decline in vaccine availability, the eventual break down of the program of primary health care
centers, and confusion among Nigerians about the intentions of their government to improve
their health and well-being (Renne, 1996). A 1994 research study on family planning and
population policies in northern Nigeria showed that the Nigerian government’s implementation
of the SAP led people to specifically question whether the government was acting according to
their welfare or instead, the interests of the West (Renne, 1996).
Rising levels of distrust in the Nigerian government as a result of the SAP also lead
people to question vaccine safety. In the northern Nigerian region in particular, the
predominantly Muslim population questioned whether the Nigerian government had originally
developed the EPI in order to gain approval from the West by stopping Nigerians from having
children. By the 1990s, rumors were spreading that the EPI was a Western ploy to sterilize
children for the purposes of population control (Renne, 1996). In 1993, the collapse of the EPI
and rising suspicions about vaccine safety eventually contributed to a 20% drop in immunization
coverage rates among children under age two (Renne, 2006).
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Even though the government worked with UNICEF in the mid-1990s to revitalize the
immunization program and reduce suspicions about vaccines, reservations about vaccines
continued into the early 2000s. Suspicions about vaccines were exacerbated by historical events,
most notably the controversial 1996 Trovan meningitis drug trial that left 11 children dead and
many mute, deaf, and brain dead in Kano, Nigeria (Lenzer, 2007) and the 2003 state boycotts
against the polio vaccine described above.
Even though there is a long history of resistance to immunization programs in northern
Nigeria, over the last decade, there has been a steadfast effort by Nigeria’s national government
and the global health community to engage opinion leaders to positively change people’s
attitudes and behaviors around immunizations. For example, major religious and political leaders
in Nigeria who previously questioned the safety of immunizations, are now speaking out in
support of them (Kaufman & Feldbaum, 2009). Global actors, like the WHO and UNICEF, are
now working closely with local leaders to devise community-specific strategies to increase
immunization use, marking a shift from a completely vertical approach to immunization
programming to a more collaborative, community-based one (The Partnership for Reviving
Routine Immunisation in Northern Nigeria, Maternal, Newborn, and Child Health Programme
[PRRINN-MNCH], 2010).
These efforts to re-invigorate support and demand for childhood immunizations are
happening in Bungudu, the site of this dissertation. PRRINN-MNCH has engaged local leaders
to advocate for immunizations during meetings and sermons and to participate in health
campaigns (PRRINN-MNCH, 2010). For example, PRRINN-MNCH has worked closely with
local leaders in Bungudu since 2006 to devise messages that can generate social approval for
childhood immunizations, ultimately making it easier for mothers/caregivers to make
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arrangements to take their infants to a health facility to get immunized (PRRINN-MNCH, 2010).
In 2008, PRRINN-MNCH started a series a community savings groups, called Women Investing
Savings for Health (WISH) groups, giving women a forum for mobilizing savings to access
needed health services, including childhood immunizations. This program remains one of the
primary activities implemented by PRRINN-MNCH to increase childhood immunization use in
Bungudu (PRRINN-MNCH, 2010).
Overall, given their formal positions of authority and their rich history of influence on the
demand for immunizations in northern Nigeria, I argue that religious, political, and traditional
medical providers continue to have a central role in northern Nigeria’s social system and the
power to continue exerting influence on the immunization behaviors of the populations
investigated in this dissertation.
Peers
Peers are a second group of individuals that have been identified as key sources of
influence in the social networks literature. Social network studies examining health have
customarily focused on ties between family and friends due to the hypothesis that these
relationships are a primary medium through which social capital – mostly in the form of social
support, including the provision of information, emotional relief, material aid, and self-reliance
(Bozo, Toksabay, & Kurum, 2009) – is transferred (Haines et al., 2008). Indeed, it is believed
that friends and family members are especially likely to promote the transfer of social capital due
to cultural norms, which encourage “altruism towards intimates” and the sharing of resources
among kin and close non-kin (Wellman & Wortley, 1990, p. 559).
Research studying the effects of peers on health has mostly examined the impact of
adolescent social networks on behavioral outcomes in developed countries. This research has

22

shown that peers influence adolescents’ odds of smoking initiation, continuation, and cessation
(Burt & Peterson, 1998; Chen, Arzu, & Triandis, 2007; Kaplan et al., 2001) as well as their use
of alcohol (Andrews, Tildesley, Hops, & Li, 2002; Urberg, Degirmencioglu, & Pilgrim, 1997).
This literature has also provided evidence of a protective effect of peers on risky behaviors such
as engaging in violence (Prinstein, Boergers, & Spirito, 2001) and ceasing to exercise (Voorhees
et al., 2005).
The much more limited research on the relationship between peers and health in
developing countries has also provided support for the claim that peers play a critical role on
health. A qualitative study of Togolese mothers across nine villages revealed that mothers were
more likely to immunize their child if their peers encouraged it (Eng et al., 1991). The
HIV/AIDS literature also shows that peers serve as a source of support for HIV-affected
individuals (Murray, 2010; Skovdal, 2012), a protective factor in helping HIV-affected children
build resilience (Cluver, Bowes, & Gardner, 2010; Wild, Flisher, & Roberson, 2011), and a
source of advice and encouragement for adopting healthy attitudes and behaviors (Wright,
Lubben, & Mkandawire, 2007).
This recent exploration into the effects of peers on health has not come without
complexity, however. The fundamental claim in the social networks literature is that
characteristics of peers affect individual outcomes. However, because, for the most part,
individuals choose their peers and the groups that they belong to, individuals’ social behavior
may be incorrectly attributed to their social interaction, rather than peer choice (Manski 1993).
In other words, individuals “may select their contexts on the basis of their own preferences,
making the direction of causation difficult to determine” (Blalock, 1984, p. 369). To address the
concern of establishing correct causal direction, researchers, like Blalock (1984), stress the
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importance of giving theoretical consideration to how individuals choose peers, devising
empirical strategies to account for the measured factors impacting peer and network selection,
and interpreting results with caution, especially when using non-experimental data (Blalock,
1984).
For the purposes of this dissertation, I define peers as any woman living in the
respondent’s compound. Although peers are often defined as friends who are not biologically
related to the respondent, peers in this study comprise female kin in order to adequately account
for the traditional and religious norms governing place of residence. In the predominantly Hausa
Muslim region of northern Nigeria, residence is determined by marriage. Once married, Hausa
Muslim women are expected to move into their husband’s compound (which comprises his other
wives,9 if he has any, direct relatives, and in some cases, close friends). This means that women
in this context do not choose where they live and whom they live with.
Once relocated, a majority of these women live a life of seclusion (kulle in Hausa, which
literally translates into “to lock”),10 prohibited from leaving their compound without permission
from their husband or a designated male kin if the husband is unavailable (Callaway, 1987).
Although less than a century ago, seclusion was a highly specific religious practice11 observed
9

Polygamy is widely practiced in northern Nigeria. Islamic law permits men to marry up to four wives, as verse 4:3 of the
Qu’ran states, “marry women of your choice, two or three or four…” (Erulkar & Bello, 2007). The number of wives a man has is
highly correlated to his wealth. As a result, poorer men tend to have one or two wives, while richer men tend to have three or four
wives (Hayase & Liaw, 1997).
10

Seclusion is practiced in three ways in northern Nigeria: as kullen tsari, (which translates as “seclusion lock”), which is the
most common form of seclusion, restricting the movement of married women to occasional, escorted participation in important
events and ceremonies; as kullen dinga (which translates as “lock keep on doing”), which forbids any outside movement at all
and is usually restricted to the wives of prominent politicians or religious leaders; and kullen zuchi (which translates as “lock of
the heart”), which allows free movement of women who are entrusted to practice proper morality on their own (Reynolds, 1992).
This last form of seclusion is practiced by women who are part of the educated elite. In this dissertation, when I refer to
seclusion, I mean those practices (kullen tsari and kullen dinga) which restrict women’s movement outside of the compound,
since none of the women in this study are a part of the educated elite (see the descriptive analysis of the study sample in Chapter
4 for empirical evidence supporting this claim).
11

Most proponents of kulle refer to Islamic law for legitimization. They turn to verses, such as Sura IV of the Qur’an, which
states, “men have authority over women because Allah has made the one superior to others, and because they spend their wealth
to maintain them. Good women are obedient. The guard their unseet parts because Allah has guarded them (Qur’an 4:34) and
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only among the wives of important figures such as Islamic religious leaders and chiefs, today it
is nearly ubiquitous (Chumley, 2007). According to recent estimates, 95% of married women in
northern Nigeria live in some form of seclusion (Chumley, 2007).
As a result of these religious norms, women in northern Nigeria live most of their lives
within the confines of their household and surrounding compound, largely restricted from
movement, outside of important occasions such as naming ceremonies, funerals, and weddings
(Reynolds, 1992). These restrictions on movement put a natural constraint on women’s choices
about friendships and the pool of individuals that they interact with on a daily basis. Indeed, the
constraints inculcated by traditional and Islamic law make peer networks in this study largely
exogenous to social behaviors. However, since women still have the freedom to select “whom”
they interact with among the limited pool of women in their compounds, these laws are not
completely sufficient for making a causal determination. For this reason, I follow Blalock’s
(1984) recommendation to also address measured selection factors (see Chapter 3 for
information on how I address selection bias) and interpret the study results with caution.
Social Network Norms
As indicated above, opinion leaders and peers have the power to influence a range of
health behaviors. Opinion leaders and peers are particularly influential in personal networks,
where they are often the primary sources of health information and normative influences (Latkin,
Forman, Knowlton, & Sherman, 2003; Latkin, Sherman, & Knowlton, 2003). As such, the
relationships and interactions that occur within personal networks are critical for transmitting
knowledge about illnesses and diseases and for signaling what is perceived to be socially

verse 33:33, which reads, “stay in your homes and do not display your finery as women used to do in the days of ignorance.”
The ambiguity of such verses has lead to the different interpretation of kulle explicated in footnote 10 above.
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acceptable and “normal” behavior (Bond, Valente, & Kendall, 1999; Friedman et al., 2001;
Latkin & Knowlton, 2000; Youm & Laumann, 2002).
According to sociologists and social psychologists, there are two types of normative
influences that impact behavior: injunctive norms and descriptive norms (Cialdini et al., 1990).
Injunctive norms are perceptions of what valued others believe to be appropriate conduct. In
other words, they are the perceptions of what behaviors are typically approved or disapproved of
in a particular network. According to Cialdini (2007), injunctive norms are based on the morals
and values of individuals’ personal networks and their surrounding community.
Descriptive norms, on the other hand, are perceptions of how people typically behave in a
given situation, regardless of whether their behavior is considered appropriate by others (Cialdini
et al., 1990). This type of norm focuses on the perceptions of other people’s behaviors, which
are ascertained through observations of what other people do (Cialdini et al., 1990; Reno,
Cialdini, & Kallgren, 1993). Cialdini and colleagues (1990) proposed that by conveying the idea
of what is normal, descriptive norms inspire other people to engage in specific behaviors.
Injunctive and descriptive norms have been long recognized to influence human behavior
(Latané & Darley, 1970; Sherif, 1936). For example, the prominent theories of reasoned action
(Fishbein & Ajzen, 1975) and planned behavior (Ajzen, 1991) assert that injunctive and
descriptive norms predict outcomes like voting (Gerber & Rogers, 2009), electricity usage
(Schultz et al., 2007), and littering (Reno et al., 1993). In the area of health, these norms have
been shown to influence outcomes, such as substance use (Buttross & Kastner, 2003; Neighbors,
Lee, Lewis, Fossos, & Larimer, 2007; Simons, Neal, & Gaher, 2006), exercise (Okun et al.,
2003; Sorensen et al., 2007), healthy eating (Eisenberg, Neumark-Sztainer, Story, & Perry,
2005), condom use (Buhi & Goodson, 2007; Barrington et al., 2009), sunscreen use (Mahler,
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Kulik, Butler, Gerrard, & Gibbons, 2008), and most relevant to this study, immunization use
(Allen et al., 2009; Paulussen, Hoekstra, Lanting, Buijs, & Hirasing, 2005).
There are two main studies that have investigated the influence of injunctive and
descriptive norms on immunization use. One of these studies focused on the role of norms on
parents’ decision to immunize their children against influenza in the Netherlands (Paulussen et
al., 2005), while the other explored women’s decision to use the HPV vaccine in the United
States (Allen et al., 2009). Even though both studies found injunctive and descriptive norms to
influence immunization use, in both cases, descriptive norms had a stronger influence on
immunization use than injunctive norms. This is interesting because research on the strength of
the influence of injunctive norms versus descriptive norms on health has been mixed (see
Manning, 2009, for a meta-analysis comparing the influence of descriptive to injunctive norms).
It is surmised that descriptive norms have a stronger relationship with health behaviors than
injunctive norms when the perception of what other people do is more salient than perceptions of
what people want you to do (Manning, 2009). When this is the case, descriptive norms operate as
a heuristic for behavior change (Cialdini & Goldstein, 2004).
To my knowledge, no study has used a social networks framework to examine the effect
of injunctive and descriptive norms on childhood immunization behaviors, especially in a
developing country setting. Conducting this type of research among diverse populations and
settings is important given that normative influences are by nature context specific – dependent
on unique religious and cultural norms that also exist within a society (Chen, Wasti, & Triandis,
2007; Pescosolido & Georgianna, 1989).
In this study, I examine the structure of injunctive and descriptive norms around
immunizations within Nigerian mothers/caregivers’ social networks and test whether these
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norms are linked to mothers/caregivers’ decisions to use this health service. I test the influence
of injunctive and descriptive norms separately given consistent empirical support that injunctive
and descriptive norms are distinct constructs (Cialdini et al., 1990; Deutsch & Gerard, 1955;
Reno et al., 1993; White, Terry, & Hogg, 1994) that should be measured accordingly (Cialdini &
Trost, 1998; Donald & Cooper, 2001; Rivas & Sheeran, 2003). As recommended by other
researchers (Pescosolido and Goergianna, 1989), I also disaggregate these tests by opinion
leaders and peers in order to assess the differential effect of these norms by network type.
Hypotheses
The Influence of Injunctive & Descriptive Norms
I hypothesize that injunctive norms influence immunization use. More specifically, I
hypothesize that mothers/caregivers who perceive that a majority of their social network partners
approve of immunizations will be more likely to engage in immunization use. Because opinion
leaders are, by nature, influential and have been found to be particularly influential on
immunization behaviors in the past, I expect mothers/caregivers who believe that most of their
opinion leaders support this health service will want to follow their behavioral expectations and
engage in this behavior (Cialdini, 2007).
I expect the same relationship to occur between mothers/caregivers and peers. Because
mothers/caregivers want to gain some approval, or informal sanctions, from their peers,
mothers/caregivers’ who perceive that most of the peers in their network support immunizations
will also immunize their own child. In other words, the favorable social evaluations that
mothers/caregivers expect to result from engaging in a behavior that is viewed as appropriate by
most of their peers will motivate them to show compliance to their peers’ beliefs about the value
of immunizations by immunizing their children.
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Hypothesis 1A: Mothers/caregivers who perceive that a majority of the opinion
leaders in their network support immunizations will have a higher likelihood of
immunizing their child.
Hypothesis 1B: Mothers/caregivers who perceive that a majority of the peers in
their network support immunizations will have a higher likelihood of immunizing
their child.
I also hypothesize that descriptive norms influence immunization use. More specifically,
I hypothesize that mothers/caregivers who observe a majority of their social network partners
immunize their children will ultimately immunize their own children. Again, because opinion
leaders are, by nature, influential and have been shown to influence immunization behaviors in
the past, I expect their use of this health service to have a strong, positive influence on
mothers/caregivers’ immunization decisions. According to descriptive norms theory (Cialdini,
2007), the motivation behind the influence of this norm lies in the perceived benefit of the
observed behavior. This suggests that by observing their leaders use immunizations, the
mothers/caregivers determine it to be a safe and beneficial practice, and as a result, decide to
engage in it themselves.
I hypothesize that the same relationship that exists between descriptive norms and
immunization use among opinion leader networks also exists in the mothers/caregivers’ peer
networks. I expect mothers/caregivers who observed a majority of their peers immunize their
children to immunize their own child. By watching most of their peers immunize their child,
mothers/caregivers realize the benefits of immunizations and decide to also engage in this health
practice.

Hypothesis 2A: Mothers/caregivers who observe a majority of their opinion leaders
in their network immunize their child will have a higher likelihood of immunizing
their own child.
29

Hypothesis 2B: Mothers/caregivers who observe a majority of their peers in their
network immunize their child will have a higher likelihood of immunizing their own
child.
Factors Underlying the Influence of Injunctive & Descriptive Norms
After testing whether injunctive and descriptive norms influence immunization behaviors,
I empirically test whether the theorized factors underlying the influence of injunctive norms and
descriptive norms in the literature are, in fact, present. As alluded to above, injunctive norms are
guided by social control – social pressure to conform to what is deemed appropriate behavior
(Montgomery & Casterline, 1996), while descriptive norms are guided by social learning – what
is considered to be normal behavior based on the observed experiences of others (Armantier,
2004; Foster & Rosenzweig, 1995; Kohler, Behrman, & Watkins, 2001). Although social
control and social learning may seem similar in form, their emphasis is different. Social control
emphasizes the harmonization of one’s own beliefs with prevailing beliefs for the purpose of
avoiding conflict (Montgomery & Casterline, 1996). To engage in active social control,
individuals require aggregate-level knowledge about people’s beliefs about an innovation.
Knowledge about specific individuals’ experiences with an innovation is only important if the
individuals are considered “significant others” (Feder & Savastano, 2006; Hogset & Barrett,
2010). Social control is therefore different from social learning because it emphasizes the role of
power in normative influences on behavior.
Social learning, on the other hand, involves an active information search by rationale
individuals who look to others whom they identify with, observe them, and modify their own
behaviors accordingly (Hogset & Barrett, 2010). To engage in active social learning, individuals
require precise knowledge about specific individuals’ experiences with the innovation in
question (Hogset & Barrett, 2010). This individually-precise process of information exchange
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eventually generates a “social multiplier effect,” where individuals’ imitate the behaviors of
others, making the behavior widespread. This multiplier effect is similar to the effect that
Rogers (1995) describes in his S-shaped adoption curve to explain innovation diffusion.
Interest in studying whether social control or social learning is guiding health behavior
change has grown rapidly in recent years (Bandiera & Rasul, 2006; Behrman, Kohler, &
Watkins, 2002; Conley & Udry 2001, 2007; Miguel & Kremer, 2004; Moser & Barrett, 2006;
Munshi, 2004; Mwakubo, Obare, Omini, & Mohammed, 2004). In the field of public health,
these constructs have been explored and shown to guide the influence of a range of behaviors –
such as cigarette smoking (Christakis & Fowler, 2008) alcohol consumption (Rosenquist,
Murabito, Fowler, & Christakis, 2010) and happiness (Fowler & Christakis, 2008). In most
cases, social learning has been shown to dominate (Conley & Udry 2001, 2007). However, in
developing countries, the results of this research have been much more mixed (Avogo &
Agadjanian, 2008; Bongaarts & Watkins, 1996; Kohler et al., 2001; Miguel & Kremer, 2004;
Montgomery & Casterline, 1996; Rutenberg &Watkins, 1997). For example, a Ghana-based
study, found social learning to be the dominant mechanism through which social networks
influenced men, who subsequently influenced their wives, to use family planning (Avogo &
Agadjanian, 2008; Behrman et al., 2002). A Kenya-based study, however, found social control
to be a primary mechanism through which social networks affected women’s use of
contraception (Kohler et al., 2001).
In this dissertation, I examine whether the theorized constructs of social control and
social learning underlie injunctive norms and descriptive norms around immunizations in
mothers/caregivers’ peer networks. Peers, rather than opinion leaders, are the focus of this
analysis since the underlying factors guiding normative influence on mothers/caregivers’

31

immunization decisions is less clear among peers. Research has shown that Muslim Hausa
women find a sense of status and meaning in their lives via their connections with other women.
In northern Nigeria, women “form a society within a society” and are said to have more in
common with each other than they do with their own husbands (Ojanuga & Johnson, 1992). It is
with these other women that women are believed to share a common lot and the agonies of daily
life.
However, when it comes to decision-making within the compound, research among this
population shows that a hierarchy of power also exists. According to Islamic custom, husbands
are responsible for determining what their wives can and cannot do (Ojanuga & Johnson,
1992).12 However, once a husband permits his wives13 to immunize their children, for example,
they have the freedom to decide whether or not to engage in this accepted activity (Umar,
personal communication, April 5, 2013). At that point, senior female kin (e.g., mothers-in-law,
senior co-wives) can influence what activities women in their compound engage in, including
those related to their own health and the health of their child (Ojanuga & Johnson, 1992).
Given the unique relationship that exists between women within compounds – that they
can serve as friends and confidants as well as authority figures – it seems likely that social
learning and social control are both guiding peer influences in northern Nigeria. This

12

The extent to which husbands have authority over their wives’ decision in northern Nigeria is evident in the literature. A recent
study in northern Nigeria found that, regardless of level of education, Muslim Hausa women believe that they should not work,
because it is their husband’s duty to provide for them (Department for International Development [DFID], 2005). In the area of
health, three different studies found Muslim Hausa women to make reproductive decisions (e.g., which health care practitioner
they visited) based on what their husbands said that they could and could not do (Ojanuga & Johnson, 1992; Isiugo-Abanihe,
1994; African Population and Health Research Center [APHRC], 2009). For example, a secondary analysis of demographic and
health survey (DHS) data from 2003 revealed that husbands made the vast majority of decisions related to their wives’ healthcare
(90%) and large household purchases (90%; Erulkar & Bello, 2007).
13

According to Islamic law, husbands are required to treat all of his wives equally. Indeed, a man is only permitted to marry
more than one wife if he has proven his ability and willingness to do justice between them. The Qu’ran states, “marry women of
your choice, two or three or four, but if you fear that you shall not be able to deal justly with them, then only one…” (Qu’ran
verse 4:3). In practice, this means that husbands cannot show any spousal preference. Husbands must share their time and
resources between their wives equally. Non-provision of amenities or conjugal desertion constitutes cruelty and ill-treatment and
are therefore grounds for divorce (DFID, 2005).
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dissertation will test whether this is the case by assessing whether social control and social
learning underlie its theorized norms – that social control underlies the influence of injunctive
norms and social learning underlies the influence of descriptive norms. If this is the case, then I
can more confidently make statements about the degree to which these processes are guiding
immunization behaviors among the study population – whether mothers/caregivers are
immunizing their children because of social control, social learning, or both.
Comparing the Influence of Injunctive & Descriptive Norms
After ascertaining which types of norms influence immunization use and confirming that
social control and social learning underlie these norms, I plan to assess the degree to which
injunctive and descriptive norms influence mothers/caregivers behaviors. Even though I expect
injunctive and descriptive norms to both positively influence mother/caregivers’ immunization
decisions (see Hypotheses 1A-1B and 2A-2B), I expect them to have different levels of influence
in opinion leader networks versus peer networks.
In opinion leader networks, I expect injunctive norms to have a stronger influence on
mothers/caregivers’ immunization decisions than descriptive norms. Because statements of
approval regarding immunizations might be more salient in opinion leader networks than
observations of immunization use, and because these statements are stronger when they come
from authority figures than peers or general members of the community (Cialdini et al., 1990), I
expect injunctive norms in this type of network to exert a stronger influence on
mothers/caregivers’ immunization decision-making. I also believe this to be the case given that
the primary factor underlying the influence of injunctive norms is the desire for social approval.
Because opinion leaders are authority figures, mothers/caregivers might feel a greater sense of
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urgency to do what they believe to be appropriate, than what they learn from them to be
beneficial, because they are eager to get into their leaders’ good graces.

Hypothesis 3A: Injunctive norms around immunizations in opinion leader networks
will exert a stronger influence on mothers/caregivers’ immunization use than
descriptive norms.
In peer networks, however, I expect descriptive norms to have a stronger influence on
mothers/caregivers’ immunization decisions than injunctive norms. Because mothers/caregivers
share a compound with their peers, they often travel together to clinics to seek out healthcare
services (Babalola & Fatusi, 2009). As a result, they have more opportunities to observe their
peers immunize their children. I also expect these observations of immunization use to be more
salient then their statements of approval given the informality of these relationships (Cialdini et
al., 1990). Even though a hierarchy exists between some women in the same compound (see
description in section above), overall these relationship are more personal and much less formal
than their relationships with opinion leaders. For this reason, I expect mothers/caregivers to feel
less pressure to conform to what their peers consider to be appropriate than to new knowledge
about the personal benefits of this behavior acquired by watching a majority of them immunize
their children.

Hypothesis 3B: Descriptive norms around immunizations in peer networks will
exert a stronger influence on mothers/caregivers’ immunization use than injunctive
norms.
Moderators of Normative Influences
Closeness & frequency of communication. A range of demographic and contextual
factors have been shown to influence the strength of the relationship between norms and people’s
actions. For example, studies have shown age (Henry et al., 2000; Huesmann & Guerra, 1997),
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wealth, and social status (Berger, Rosenholtz, & Zelditch, 1980; Lockwood, Jordan, & Kunda,
2002; Pool, Wood, & Leck, 1998; Wood, Pool, Leck, & Purvis, 1996) to influence the strength
of the correlation between norms and health behaviors, including alcohol consumption, smoking,
and aggressive behavior in school. Contextual factors, such as social support (Cullum, O’Grady,
Sandoval, Armel, & Tennen, 2013) and religious values (Neighbors, Brown, Dibello, Rodriguez,
& Foster, 2013) have also been shown to moderate the influence of norms on health. Two
network specific factors that might also moderate the influence of norms on health are: the
degree of closeness between individuals in a network and the frequency of communication
between individuals about the behavior of interest in a network. An overview of these
characteristics and how they may operate to strengthen the influence of norms on immunization
behaviors is below.
Closeness is defined as an “emotional connection that allows for sharing of personal
feelings, accompanied by expectations of understanding, affirmation, and demonstrations of
support” (Sinclair & Dowdy, 2005, p. 193). This concept has been described as the foundation
of strong relationships (Goleman, 1997; Wood, 1984), providing a sense of purpose and
belonging (Ornish, 1998), the opportunity for self-disclosure (Perlman & Fehr, 1987), and
motivation and self-esteem (Cornwell, Schumm, Laumann, & Graber, 1999). Overall, the strong
feelings that emanate from close relationships are expected to facilitate shared behaviors among
individuals within a network (Rowley, 1997).
In recent years, the concept of closeness has received much attention in the social
psychology and public health literatures as a major factor contributing to both psychological and
physical well-being (Fiori, Antonucci, & Cortina, 2006; Ornish, 1998; Wellman & Wortley,
1990;). Indeed, closeness has been shown to effect physical health in a variety of longitudinal
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studies (Graves, Thomas, & Mead, 1991; Russek & Schwartz, 1997), including the incidence of
various chronic illnesses (Orth-Gomer, Rosengren & Wilhelmsen, 1993; Seeman & Syme,
1987). A review of research on closeness has showed that individuals with no confidant have a
three-to-five times greater risk of premature death and disease from all causes, including heart
disease, strokes, cancer, and auto-immune infections (Ornish, 1998). Compared to no closeness,
the presence of one strong relationship can dramatically shifts one’s health status in a positive
direction (Ornish, 1998).
Research has also shown that closeness impacts health behaviors. For example, better
quality relationships have been associated with a range of health-promoting behaviors (Padula &
Sullivan, 2006), such as increasing fruit and vegetable consumption, exercising, (Emmons et al.,
2007), and smoking cessation (Chouinard & Robichaud-Ekstrand, 2007). Although closeness
has been mostly demonstrated as being beneficial to health, some studies demonstrate that being
in a close relationship with an individual who engages in unhealthy habits, such as heavy
drinking, smoking, or overeating, can lead to poor lifestyle choices (Franks et al., 2006).
Today, researchers have applied a range of methodologies to study the relationship
between closeness and health (Prager, 1995). For example, the Quality of Relationships
Inventory (QRI; Pierce, 1994) and the Personal Assessment of Intimacy in Relationships (PAIR)
instruments (Schaefer & Olsen, 1981) have been used to measure the quality of close
relationships and to assess differences in levels of closeness. Ego-centric social networks
scholars have measured closeness using much simpler methods, such as asking focal persons to
rate the closeness of their relationships on a likert scale (Zea, Reisen, Poppen, Echeverry, &
Bianchi, 2004) or, as done in large-scale surveys like the General Social Survey (GSS) and the
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National Social Life, Health, and Aging Project (NHAP), to directly report how closely
connected they feel to specific people within their network.
This latter approach relies on the more standard definition of closeness, “the emotional
connection that two people in a network achieve” (Cornwell et al., 2009, p. i51). Using this
definition, closeness captures the “strength of ties” in a network (Granovetter, 1973, p. 1360), an
indication that “thick trust” has developed and that expressive or instrumental action is possible
(Lin, 1999, p. 33). According to scholars, social networks help to build this trust among
members. Social trust increases as people get to know each other, learn who is trustworthy, and
go through experiences together. This “thick trust” that develops tends to exist in small, face-toface communities, such as those in rural peripheries (Coleman, 1990) like the one investigated in
this dissertation.
In this dissertation, I use the standard definition of closeness to test whether it moderates
the influence of norms on immunization behaviors. According to some researchers, individuals
may be more likely to follow norms if they come from people that they are close to than norms
that come from more distant or unspecified sources (Melnyk, Herpen, & Trijp, 2010). This is
because the thought of specific persons that they are close to may activate information about
their relationship with them and about expected relational outcomes (e.g., disappointment or
praise), which may makes it more difficult for them to disobey a norm. In contrast, more distant
others, especially when these are unspecified, may have less control and influence. I therefore
predict that both injunctive and descriptive norms generated from social network contacts that
are close to a majority of mothers/caregivers will have a stronger influence on their
immunization behaviors than norms from opinion leaders and peers that are considered to be
more distant.
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I expect this relationship to emerge in both the opinion leader and peer network analyses.
Even though I also anticipate mothers/caregivers and peers to have a closer and more informal
relationship than mothers/caregivers and opinion leaders, I expect that when they do have a
closer relationship with a majority of their opinion leaders, they will be more inclined to follow
their normative beliefs and practices.

Hypothesis 4A: Closeness strengthens the effect of injunctive norms about
immunizations on mothers/caregivers’ routine immunization use.
Hypothesis 4B: Closeness strengthens the effect of descriptive norms about
immunizations on mothers/caregivers’ routine immunization use.
Communication frequency is another characteristic that has the potential to influence the
strength of the relationship between norms and immunization use. Whereas closeness looks to
the strength of relationships between network members, communication frequency looks to the
amount of communication between individuals in a network in order to account for health
outcomes. Communication frequency is considered an important social network characteristic
since it is assumed that “the more communication there is between network partners, the more
influential the relationship is” (Wellman & Wortley, 1990, p. 560). Indeed, frequent
communication between individuals has been shown to help facilitate the process of influence,
fostering a sense of shared values, increasing mutual awareness of needs and resources,
mitigating feelings of loneliness, encouraging reciprocal rounds of support, and facilitating the
delivery of aid on important matters (Galaskiewics, 1985; Homans, 1961; Lin, Woelfel, & Light,
1985; Munch, McPherson, & Smith-Lovin, 1997; Wellman & Wortley, 1990).
In the public health field, communication frequency has been shown to impact a range of
health outcomes (Seeman & Berkman, 1988; Terhell, van Groenou, & van Tilburg, 2007), from
influencing stress levels (Brummett et al., 2001) and experiences with troubled sleep (Ailshire &
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Burgard, 2012) to improving cognitive function (Giles, Anstey, Walker, & Luszcz, 2012) and
overall adult health (Cornwell et al., 2009). Communication frequency has also been shown to
impact specific health behaviors, such as increasing harmful substance use (de Belvis et al.,
2008) and a general openness to dietary change (Kelsey et al., 1997).
This network characteristic has been shown to have a particularly strong influence when
it is around the behavior of interest. In fact, communication between social network contacts
about health topics has been proposed to be a primary way in which social networks augment
normative perceptions and subsequently influences behavior (Hogg & Reid, 2006; Rimal & Real,
2003). Indeed, in the health field, more conversations about health topics reflect what Noar,
Carlyle and Cole (2006) refer to as “warm up” discussions that create the opportunity for more
persuasive encouragement as well as pressure to use different services (p. 368). Studies have
reported both positive and negative associations between communication about health topics and
health behaviors (El-Bassel, Gilbert, Wu, & Chang, 2006; Kang, Deren, Andia, Colon, & Robles,
2005; Latkin et al., 2003). This highlights the need for research that takes communication and
the context of people’s beliefs and practices regarding the health topic of interest into account.
In this dissertation, I test whether the frequency of communication about immunizations
moderates the influence of norms on immunization use. I hypothesize that frequent
communication about immunizations augments the influence of both injunctive and descriptive
norms on immunization use. I expect mothers/caregivers with more frequent communication
with a majority of their peers and opinion leaders about immunization to be more likely to
respond to this intensive exposure by aligning more closely with the attitudes and behaviors of
the majority of their network partners. Because individuals have a tendency to favor information
that is delivered by influential others (Rogers, 1983), and the opinion leaders and peers in this
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study fit this criterion, I expect this relationship to emerge in both the opinion leader and peer
network analyses. Even though I also anticipate that communication about immunizations to be
much more limited between mothers/caregivers and opinion leaders than between
mothers/caregivers and peers (given that that women in this context live in a state of seclusion
and will therefore only interact with their leaders during special events (e.g., weddings or
ceremonies) or predetermined intervals (e.g., to study the Qu’ran, seek care, or pray), I expect
that when they do have more communication with a majority of these influential individuals
about immunizations, they will be more inclined to follow their normative beliefs and practices.

Hypothesis 5A: Frequency of communication about immunizations strengthens the
effect of injunctive norms about immunizations on mothers/caregivers’ routine
immunization use.
Hypothesis 5B: Frequency of communication about immunizations strengthens the
effect of descriptive norms about immunizations on mothers/caregivers’ routine
immunization use.
Summary
In this chapter, I presented a robust theoretical model to guide the hypotheses linking
social network norms to immunization use in northern Nigeria. In the next chapter, I describe
the methods that I use to test these hypotheses.
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CHAPTER 3
RESEARCH DESIGN & METHODOLOGY

Social networks researchers use a formal research methodology referred to as social
network analysis in order to study social networks. These analyses are conducted from egocentric or socio-centric perspectives (Smith & Christakis, 2008). The critical difference between
these perspectives is that ego-centric networks are traced by gathering data from a set of focal
individuals (egos), while socio-centric networks gather data from egos and their social contacts
(alters; Luke & Harris, 2007). A complete socio-centric network design is considered the “gold
standard” in social network analysis because data collected from egos and alters can be used to
validate information about them and to make generalizations about an entire interacting network.
However, socio-centric network studies do have disadvantages, namely that getting a complete
list of all members of a network is difficult.
This study uses a refined ego-centric network design to study immunization behaviors
among a sample of mothers/caregivers in northern Nigeria. Ego-centric networks have been
defined as “personal core networks” (Marsden, 1987, p. 123), consisting of persons with whom a
respondent has “discussed important matters” (Brut, 1984, p. 314). In this study, ego-centric
networks are defined as personal core networks consisting of persons with whom
mothers/caregivers may have discussed childhood immunizations.
The case-control sample design and the link-tracing method are used in this study to
assess the relationship between opinion leaders and peers on childhood immunization use. The
case-control sample design and the ego-centric method are used to select egos for the study. The
link-tracing approach is used to gather socio-centric type data, that is, relevant information from
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a sample of alters. This study takes opportunistic advantage of the small number of alters
nominated by each ego to overcome the primary disadvantage of a full socio-centric design (its
data demands) and to benefit from one of its main strengths (its ability to validate the more
complete information provided by egos about their network influences). This study also takes
advantage of the unique capacity of social network analytics to examine the structure of norms in
networks and the influences of these norms on behavior (Friedman et al., 1997; Morris, Zavisca,
& Dean, 1995; Rothenberg et al., 1998). Overall, these refinements in the ego-centric model in
combination with the advanced analytics used to assess the relationships between
mothers/caregivers and their peers and opinion leaders will allow me to generate more precise
answers about the linkage between social networks and immunization use in northern Nigeria.
The Health & Demographic Surveillance System in Bungudu
This study draws on primary and secondary data collected as a supplement to the Health
and Demographic Surveillance System (HDSS) implemented for the Bungudu Local
Government Area (LGA), Zamfara State, Nigeria. The HDSS was established in Bungudu in
2009 by PRRINN-MNCH – an immunization program funded by DFID and the Norwegian
Government and supported by the Zamfara State Ministry of Health (SMOH). The HDSS was
designed as a longitudinal health and population registration system to monitor the health and
demographic dynamics of Bungudu’s 125,149 residents and to support studies aimed at assessing
wider progress and impact of strengthening health systems (Doctor, Bairagi, Findley,
Helleringer, & Tukur, 2011). The HDSS is a member of the prestigious International Network
for the Demographic Evaluation of Populations and Their Health (INDEPTH) – an international
platform of sentinel sites that provides health and demographic data to enable developing
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countries to set health priorities and policies (INDEPTH, 2012). My dissertation is the first and
only study that PRRINN-MNCH has agreed to support in this HDSS.
Justification for HDSS Site Selection
Three reasons make the Bungudu HDSS a strategic research site for this dissertation.
First, the population living in the HDSS is largely homogenous. Ninety-six percent of the
population identifies as Hausa and 99.8% of the same population identify as Muslim (Olatunji,
Doctor, Oluwatoni, & Jumare, 2011). Almost the entire population then shares a common sense
of identity, history, customs and behavioral rules (e.g., in marriage, clothing, diet, taboos; Antai,
2009a). The six districts that make up the HDSS are also similar – they share a common
government, all are rural with poor road infrastructure, and have limited access to the public
health system. This homogeneity limits possible confounding factors that might be introduced if
I were comparing social networks in villages that differed greatly in their culture and social
structure.
Second, the population is relatively sedentary. People in Bungudu maintain strong roots
in their communities with most people living in their respective communities for at least ten
years (Doctor, Findley, & Jumare, 2011). Some population members leave their community
temporarily for labor purposes and men are much more likely to leave than women given the
traditional and Islamic laws restricting their movement (see Chapter 2 for more information
about the laws restricting women’s movement). Since women in this context live most of their
lives within the confines of their household and surrounding compound, it is relatively easy to
track their stable social network influencers.
Third, in Bungudu, there is pronounced variation in immunization coverage rates at the
individual and village levels. Most children in the HDSS have not been immunized (76.6%).
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Twenty percent of children in the HDSS have been fully immunized (Doctor, Findley et al.,
2011). The variation in immunization coverage also holds at the community-level. Threequarters of the communities in the HDSS have immunization coverage rates between 0 and 25%,
yet 12% of the communities have immunization coverage rates greater than 75 % (Doctor,
Findley et al., 2011). Interestingly, many of the communities with immunization coverage rates
greater than 75% do not have strong immunization programs implemented by PRRINNMNCH,14 leading to the conclusion that exposure to immunization programs cannot account for
all of the community-level disparities in immunization coverage. The unexplained variation in
immunization coverage in the HDSS makes Bungudu a fertile ground for research on the social
factors that may be contributing to immunization differences.
Target Population
The target population for this study is women between 14 and 49 years of age who have
maternal responsibilities for one or more children between 9 and 18 months. Women between
14 and 17 years of age are included because many women in this age range have begun
childbearing (given birth or are currently pregnant with their first child). Recent research shows
that 14.5% of women between 14 and 17 years of age in Nigeria have begun the childbearing
process (NDHS, 2009).
Women between 45 to 49 years of age are also included. In northern Nigeria, when a
mother dies, children are taken care of by female relatives (e.g., step-mother, grandmother).
These other relatives could be outside of the reproductive age range (over 44 years of age).

14

The WISH program is a program of community savings groups started by PRRINN-MNCH to give women a forum for
mobilizing savings to access needed health services (e.g., ANC services, childhood immunizations). WISH Groups have been
implemented in 27 of the 99 HDSS clusters since 2008. It is one of the primary activities being implemented by PRRINNMNCH to increase the use of childhood immunizations in the HDSS (PRRINN-MNCH, 2010).
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Excluding them would therefore result in a lack of information about a group of women who are
making immunization decisions for young children.
Women caring for children between 9 and 18 months of age were selected because the
routine immunization schedule in Nigeria stipulates that a child must receive all routine
immunization by the time they are 9 months (the ideal standard) to 12 months (the acceptable
standard) of age (see Table 1). In order to address the issue of maternal recall, women with a
child that was a maximum of 18 months of age were included. This gave a window of 6 months
for the woman to remember her child’s immunization history, which is considered reasonable by
survey research design standards (Fowler, 2009).

Table 1
Routine Immunization Schedule in Nigeria
Immunization

# of
Doses

Schedule

Vaccination Site

Bacillus Calmette-Guerin (BCG)

1

At birth

Upper Left Arm

Oral Polio Vaccine (OPV)

4

At birth and 6, 10, and 14 wks

Mouth

Diphtheria, Pertusisis, and Tetanus (DPT)

3

At 6, 10, and 14 wks

Outer part of thigh

Hepatitis B

3

At birth and 6 and 14 wks

Outer part of thigh

Measles

1

At 9 mo (12 mo is acceptable)

Upper Left Arm

Yellow Fever

1

At 9 mo

Upper Right Arm

Vitamin A
2
At 9 and 15 mo
Source. Federal Ministry of Health (FMOH), Nigeria (2006).

Mouth

The other target population is opinion leaders – religious leaders (imams and malams),
political leaders (village chiefs and district heads), and traditional medicine providers – directly
mentioned by the mothers/caregivers as influencers of childhood immunization decisions.
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Sampling Procedures
The study sample was selected from the HDSS using a two-stage process (see Figure 2).
First, a case-control design was used to select villages for study inclusion. Out of the 95 villages
included in the original sampling frame,15 38 of the villages met the study’s eligibility criteria:
a) immunization information collected on a minimum of 15 children and b) either a 0 or 50% or
higher immunization coverage rate.16 After these villages were selected, they were matched
based on their similarity in geographic location17 and compound size.18 Within each strata, a
total of 11 villages with 50% or higher vaccination coverage (termed “high immunization
villages”) were paired with 11 villages with 0% immunization coverage (termed “low
immunization villages”) for a final village sample of 22.
Individual-level data was collected using the ego-centric and link-tracing methods. To
form the mother/caregiver sample in each village, I applied the ego-centric approach by
disseminating a questionnaire to all women in the HDSS longitudinal health and population
registration system who met the study’s eligibility criteria. A total of 550 of the 872 eligible
women (63%) were interviewed (see Table 2). The link-tracing method was then used to
interview all the opinion leaders whom the women respondents identified as being influencers of
their immunization decisions. A total of 127 of the 167 opinion leaders were successfully
interviewed (76%).

15

Data from the HDSS pilot census from April to July 2011 was used as the sampling frame. For more details about these data,
see (Doctor, Findley et al., 2011).
16

The immunization coverage rates were estimated using a sample of children living in each village, which means that I used a
sampling estimate, rather than an absolute estimate, of immunization coverage.
17

Geographic location was measured as 1) residing in the same district and 2) as the degree of closeness to the district center.
Close was defined as being within a 45-minute drive from the district center, which is the center of activity in the district. The
district center is where the government offices and health facility (if exists) tend to be located.
18

Compound size was measured on a 0 to 1 scale, with 0 indicating that the village had less than 18.71 individuals per compound
(which is the mean value for all villages in the sampling frame) and 1 indicating that the village had more than an average of
18.71 individuals per compound.
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Figure 2. Study Flow Diagram

The non-response rate among the women in the study was 18% (see Table 2). The nonresponse rate across the two pairs (16.1% in low immunization villages versus 20.7% in 50+ %
immunization villages) was not statistically significant (z = .7184, p > .05), reducing my concern
that attrition bias was a threat to the validity of the study. The non-response rate among the
women can be mainly attributed to difficulty in locating a particular house because of unclear
address labeling (56%). The remaining 44% can be explained by the women’s unavailability –
being too busy to participate, on extended family travel, or having moved outside of the
community altogether (42%) – as well as their refusal to participate (2%).
Eighteen % of the women no longer met the study’s eligibility criteria. Among ineligible
women, 57% had children that no longer met the age requirement of the study and 42% had
children that died since the time the household was last updated in the HDSS registration system
(between April and October 2011). The remaining 1% of women could not be interviewed
because of their unfortunate death.
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The non-response rate among the opinion leaders was higher than among the women –
24% (see Table 2). When disaggregated by primary occupation,19 the non-response rate was:
16% among religious leaders, 27% among political leaders, and 63% among traditional medicine
providers. These differences can mostly be explained by traditional medicine providers’ lack of
availability to participate in the study. Eleven (69%) of the traditional medicine providers were
not interviewed because they were either unavailable to meet – on travel or busy – or not at their
residence during the scheduled visit and re-visits. The remaining five (31%) traditional medicine
providers were not interviewed because of cultural reasons – the female providers refused to
interview with a male field worker without their husband present. When logistically possible, a
female field worker interviewed the traditional medicine providers, but this was often difficult to
implement given the human resource constraints of the project.

Table 2
Sampling and Participation Rates
Targeted
Sample (N)

Total
Interviewed (N)

Respondent Participation
Rate (%)

Mothers/Caregivers

870

550

82

Opinion Leaders

167

127

76

Religious Leaders

112

94

84

Political Leaders

36

26

73

Traditional Healers

19

7

37

Immunization

19

Opinion leaders can hold more than one position (e.g., be a religious leader and a political chief) in their community. For the
purposes of this analysis, the opinion leaders were placed into the category (religious, political, or medical) that each leader
indicated as his/her primary occupation.
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Data Collection & Instrumentation
Nine field workers (eight females and one male) were hired to do data collection. These
field workers participated in an intensive, three-day training, which included a pilot testing of the
study protocol and survey instruments in a community not selected for inclusion (see Appendix
A for more details about the field worker training and pilot testing).
The field workers administered three instruments from October to November 2011 (see
Appendix A for details about the data collection procedures). These instruments were adapted
from surveys used in the Malawi Longitudinal Study of Families and Health Project (MLSFH) to
measure the role of social networks in changing demographic attitudes and behaviors (University
of Pennsylvania, 2006).
The first instrument was a 45-minute interview including 108 questions for
mothers/caregivers about their perceptions of childhood immunizations, their experiences with
childhood immunizations, and their child’s immunization history. Questions about the
mothers/caregivers’ relationships with their husbands, peers, traditional medicine providers,
village chiefs, and religious leaders were also included in order to measure the impact of these
networks on immunization use (Appendix F-G).
The second instrument was a short, 20-minute interview with opinion leaders about their
perceptions of immunizations. Opinion leaders were posed the same questions as mothers about
their perceptions of immunizations so that leaders’ self-reported attitudes about immunizations
could be compared to mothers’ perceptions of their views and to test the validity of the
assumption that there is already a very high level of support for immunizations among opinion
leaders in the northern region of Nigeria (Appendix B-E).
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The third instrument was a geographic information systems (GIS) data documentation
form (Appendix H). Geographic location data were collected using GPS devices for each
respondent and the 10 health facilities in Bungudu that routinely provided child immunization
services. The form captured data on the general location of the health facility (district and
village) and its 14-digit GPS coordinates.
Compensation
Following HDSS protocol, respondents were not offered or provided compensation for
participating in the study.
Confidentiality of Data
The Zamfara State Ministry of Health (SMOH) Operations Research Advisory
Committee (ORAC) and the Columbia University IRB and Ethnics Committee granted ethical
clearance for this study (Appendix I). District heads and village chiefs were asked for entry into
communities prior to data collection. Field workers obtained verbal informed consent from
respondents prior to their interviews. All data was stored on a computer with restricted access
and shared with study personnel only.
Measures
Dependent Variable: DPT Vaccine Use
The dependent variable is a mother/caregiver’s use of routine immunizations. This
variable is measured as the uptake of one or more doses of the DPT vaccine. DPT vaccine
uptake is strategically used as the dependent variable for two reasons. First, DPT, which confers
immunity against diphtheria, pertusis or whooping cough, and tetanus, is the only vaccine in
Nigeria’s routine immunization schedule that is solely administered in health facilities. All other
immunizations are periodically provided house-to-house and in community venues (e.g., the
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village chief’s house) that are part of highly publicized health campaigns, such as those
sponsored by the Global Polio Eradication Initiative (GPEI, 2010). By delivering immunizations
house-to-house and at convenient locations, women are more likely to “passively accept” (e.g.,
comply because of convenience) rather than “actively accept” immunizations (e.g., comply
because they actively demand vaccines as a result of knowing their perceived benefits (Nichter,
1995; Streefland et al., 1999, p. 1709). This is no different in Bungudu where GPEI campaigns
operate every month (GPEI, 2010), yet access to the DPT vaccine requires spousal permission,
time to travel to a health clinic, and a vested interest in routine immunizations. Uptake of the
DPT vaccine as the predicted variable captures an important element of “active acceptance” for
routine immunizations that other immunizations do not.
Second, the uptake of the DPT vaccine is used because it is a standardized indicator of
performance around routine immunizations and the best indicator of access to basic health
services in developing countries (UNICEF, 2010). The receipt of all three doses of the DPT
vaccine is traditionally used to estimate coverage. This measure was revised to include the
receipt of one to three doses of the vaccine since the population of women in this study face
significant barriers to accessing it (e.g., living in a state of seclusion in a rural setting with access
to only ten health clinics that provide routine immunization services; Abdulazeez, personal
communication, November 12, 2012). The uptake of even one dose of the DPT vaccine therefore
shows an “active acceptance” for routine immunizations that other immunizations do not.
The DPT data used in this study was collected using two methods – vaccination cards
provided by respondents and maternal recall when vaccination cards were missing (see approach
in Appendix G). Using both methodologies to measure immunization completeness is an
accepted and commonly-used practice in settings where vaccination card retention is low
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(Langsten & Hill, 1998; Olatunji et al., 2011; Abdel Salam & Sokal, 2004; MEASURE
Demographic Health Surveys (DHS) and ICF Macro, 2010), which is the case in rural Nigeria
generally (an estimated 50% card retention; Odusanya, Alufohai, Meurice, & Ahonkhai, 2008)
and Bungudu specifically (9% card retention). I used DHS’s approach to collecting
immunization data since it has been extensively validated to collect quality immunization
information with little systematic bias (Murray et al., 2003). A diagram indicating the different
parts of the body where immunizations are administered was also used during interviews to help
mothers/caregivers’ recall the immunizations that their child received. To help reduce social
desirability bias and ensure free and frank answers to immunization questions, interviewers were
trained to develop a good rapport with the mothers/caregivers and to reiterate that their responses
would remain confidential (Nederhof, 1985). In the end, a positive response to DPT use, when
using the vaccination cards or self-reports, was coded as a positive outcome in the dependent
variable.
Using this measure, 22.4% of the women in the sample immunized their child at least
once against DPT. As expected, the coverage rate was much lower for children in low
immunization villages (15.6%) than children in high immunization villages (27.5%). However,
this difference was not larger because 1) immunization coverage was estimated using a sampling
unit of 0 rather an absolute unit of 0 (see “Sampling Procedures” section above) and 2) the
survey instrument used to measure immunization coverage among children in the sampling
frame relied on general, rather than immunization specific questions about immunization use.
This more general line of questioning could have upwardly biased DPT coverage among children
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in the sampling frame. With more question specificity, this study captures a lower, yet arguably
more accurate estimate of DPT coverage.20
Predictors: Social Network Norms
This dissertation draws on definitions of injunctive and descriptive norms used to
examine immunization behaviors in other settings (Allen et al., 2009; Paulussen et al., 2005). In
this study, injunctive norms are defined as mothers/caregivers’ perceptions of their opinion
leaders and peers’ attitudes towards immunizations, while descriptive norms are
mothers/caregivers’ observations of their opinion leaders and peers’ vaccination behaviors.
Injunctive norms. Injunctive norms around immunizations were measured as the
distribution of opinion leaders and peers’ perceived attitudes towards immunizations within the
mothers/caregivers’ network. This construct was measured as the range of opinion leaders and
peers’ perceived attitudes towards immunizations in the mothers/caregivers’ network divided by
the total number of opinion leaders and peers in their network. What is unique about this
variable is that it captures the degree to which supportive, ambivalent, and dissonant attitudes
towards immunizations are dispersed within each network. The numerator of this variable was
assessed by asking mothers/caregivers’ whether each of their opinion leaders and peers approved
or disapproved of immunizations. This variable, originally measured on a six-point scale
ranging from strongly disapproves to strongly approves, was transformed into a three-category
variable with “0” representing Disapproves of Immunizations (defined as strongly disapproves
and disapproves of immunizations), “1” representing Ambivalence towards Immunizations
(defined as accepts, but has fears, worries, and concerns about immunizations, and not sure), and
“2” representing Approves of Immunizations (defined as strongly approves/approves of
20

The DPT vaccine shortage in 2011 and the early part of 2012 is not a viable explanation for the minor difference in
immunization coverage found among mothers/caregivers in this dissertation since the DPT vaccine shortage in 2011 did not start
until after the study period (GAVI Alliance, 2012).
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immunizations). The range of opinion leaders and peers’ perceived attitudes towards
immunizations was then calculated.
The denominator of this variable was measured as the total number of opinion leaders
and peers in the mothers/caregivers’ networks. The denominator ranged on a 0-4-point scale for
opinion leaders and on a 0-3-point scale for peers since a maximum of four opinion leaders and
three peers could be nominated by mothers/caregivers’ during their interviews. To be consistent
with the theoretical conceptualization of injunctive norms, mothers/caregivers with no opinion
leaders or peers in their network (a total of 20 women had no opinion leaders and 160 women
had no peers) were excluded from this measure. It was assumed that mothers/caregivers without
opinion leaders or peers could not develop perceptions of their normative beliefs towards this
health service.
Using the numerator and denominator described above, I created a variable capturing the
total distribution of opinion leaders and peers’ perceived attitudes towards immunizations in the
mothers/caregivers’ networks. This variable was measured on an increasing 0-6 scale with the
following coding structure: “0” indicates All network members are perceived to disapprove of
immunizations; “1” indicates Most network members are perceived to be ambivalent towards
immunizations and a minority of the network is perceived to disapprove of immunizations; “2”
indicates All network members are perceived to be ambivalent towards immunizations; “3”
indicates Most network members are perceived to be ambivalent towards immunizations and a
minority of the network is perceived to approve of immunizations; “4” indicates Network
members are perceived to be equally divided as ambivalent and supportive of immunizations;
“5” Most network members are perceived to approve of immunizations; and, finally, “6”
indicates All network members are perceived to approve of immunizations. This variable was

54

measured separately for opinion leader and peer networks. I collapsed the categories of these
variables in different ways in the descriptive and main analyses. A description and justification
for the variable conversions accompanies the analyses in Chapters 4 and 5.
Descriptive norms. Descriptive norms around immunizations were assessed as the
percentage of opinion leaders and peers within the mothers/caregivers’ network that were
observed to immunize their child. This construct was measured as the number of opinion leaders
and peers observed to immunize their child in the mothers/caregivers’ network divided by the
total number of opinion leaders and peers in their network. The numerator of this variable was
assessed by asking mothers/caregivers how they knew that each of their opinion leaders and
peers approved or disapproved of immunizations. Mothers/caregivers who reported that they did
not observe their opinion leaders or peers immunize their own child earned a score of “0.”
Mothers/caregivers who reported that they knew their opinion leaders and peers’ attitudes
towards immunizations as a result of observing them immunize their own child earned a score of
“1.” The total number of opinion leaders and peers in the mothers/caregivers’ network that were
observed to immunize their own child was then calculated. Similar to the injunctive norms
measure, the denominator of this variable was measured as the total number of opinion leaders
and peers in the mothers/caregivers’ networks.
Using the numerator and denominator described above, I created a variable capturing the
percentage of opinion leaders and peers in the mothers/caregivers’ networks that were observed
to immunize their own child. This variable was coded on an increasing 0-1 scale, with “0”
indicating a network where None of the opinion leaders or peers were observed to immunize
their child and “1” indicating a network where All of the opinion leaders or peers were observed
to immunize their child. Unlike the injunctive norms measures, mothers/caregivers with no
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opinion leaders or peers in their network were automatically assigned a score of “0.” This is
based on the assumption that it is not possible to observe people within a network immunize their
children if a network does not exist in the first place. The final variable was measured separately
for opinion leader and peer networks.
Similar to the variables measuring injunctive norms, I collapsed the categories of this
variable in the descriptive and main analyses. A description and justification for the variable
conversions accompanies the analysis in Chapters 4 and 5.
Underlying Factors: Social Learning versus Social Control
Peer network density. Peer network density is the only measure unique to the peer
analysis. This variable is important because it ascertains whether the theorized factors of social
learning and social control are underlying the influence of injunctive and descriptive norms on
behavior (Kohler et al., 2001; Montgomery & Casterline, 1996). Peer network density was
assessed by asking mothers/caregivers whether each of their peers knew each other. A matrix
listing all network contacts was used to identify these connections. This variable was measured
as the number of perceived connections between the mothers/caregivers’ peers divided by the
total number of possible connections between them. Only one tie (based on two peer
nominations) or three ties (based on three peer nominations) were possible since a maximum of
three peers could be nominated during interviews. Mothers/caregivers with 0 to 1 peers
automatically received a density score of “0” since no connections were possible with such a
limited number of network partners. This variable was transformed into a dichotomous variable,
with “0” representing Not all Peers were Connected and “1” representing All Peers were
Connected. This variable was dichotomized because network densities between 0% and 100 %
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were relatively rare – only 10% of mothers/caregivers reported having network densities within
this range.
Moderators: Closeness & Frequency of Communication
Closeness. Closeness is traditionally measured by asking respondents to classify their
network partners as acquaintances, just friends, or confidants (Granovetter, 1973). Given the
differences in relationship formality between mothers/caregivers, their opinion leaders, and
peers, I revised this traditional measure so that it had more face validity. To more accurately
capture closeness between mothers/caregivers and opinion leaders, I asked mothers/caregivers if
they ever turned to each of their opinion leaders for guidance or help in the face of a difficulty,
such as a family conflict, feud, or health emergency. This question was measured on a 0 to 1
scale, with “0” representing No and “1” representing Yes. A response of “No” and “Yes” was
assumed to signify Not Close and Close, respectively.
Closeness between mothers/caregivers and opinion leaders was ultimately measured as
the total number of opinion leaders in the mothers/caregivers’ network that they were close to
divided by the total number of opinion leaders in the mothers/caregivers’ network. The
denominator (the total number of opinion leaders in the mothers/caregivers’ networks) was on a
0-4-point scale since a maximum of four opinion leaders could be nominated by
mothers/caregivers’ during their interviews. The final variables was coded on an increasing 0-1
scale, with “0” indicating that the mothers/caregivers were close to None of the Opinion Leaders
in their Network and “1” indicating that they were close to All of the Opinion Leaders in their
Network. Mothers/caregivers with no opinion leaders in their network were automatically
assigned a score of “0” because it is impossible to be close to someone that does not exist.
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Closeness in peer networks, however, was assessed using the traditional approach
indicated above (Granovetter, 1973). Following this approach, peers categorized as
Acquaintances or Just Friends were coded as a “0” and peers categorized as Confidants were
coded as a “1.” The total number of peers in the mothers/caregivers’ network that they were
close to was then calculated.
The denominator of this variable was measured as the total number of peers in the
mothers/caregivers’ networks. The denominator ranged on a 0-3-point scale since a maximum of
three peers could be nominated by mothers/caregivers’ during their interview.
Mothers/caregivers with no peers in their network were automatically assigned a score of “0”
since they could not be close to someone that does not exist. This new variable was coded the
same way as the closeness to opinion leader networks variable, on an increasing 0-1 scale, with
“0” indicating that the mothers/caregivers were close to None of the Peers in their Network and
“1” indicating that they were close to All of the Peers in their Network. I collapsed the
categories of these variables in the descriptive and main analyses. A description and justification
for the variable conversions accompanies the analysis in Chapters 4 and 5.
Frequency of communication. Frequency of communication about immunizations in
opinion leader/peer networks was measured as the number of opinion leaders and peers in the
mothers/caregivers’ network that they had frequent communication with about immunizations
divided by the total number of opinion leaders in their network. The numerator of this variable
was measured by asking mothers/caregivers how often they communicated with their opinion
leaders and peers about immunizations. This variable, originally measured on a three-point
scale, ranging from never, once, twice, to three times or more, was transformed into a
dichotomous variable with “0” representing Infrequent Communication about Immunizations

58

(defined as less than three times) and “1” representing Frequent Communication about
Immunizations (defined as three times or more). I used the “three times or more” category on the
scale to signify frequent communication about immunizations since, in the health
communications field, this is the number of times a message needs to be heard in order to have
impact (Schooler, Chaffee, Flora, & Roser, 1998). The total number of opinion leaders and peers
in the mothers/caregivers’ network that they frequently communicated with about immunizations
was then calculated.
The denominator of this variable was measured as the total number of opinion leaders
and peers in the mothers/caregivers’ networks. Mothers/caregivers with no opinion leaders or
peers in their network were automatically assigned a score of “0.” This is because
mothers/caregivers cannot communicate with individuals in their network if a network does not
exist. This new variables were coded on an increasing 0-1 scale, with “0” indicating
mothers/caregivers frequently communicated about immunizations with None of the Opinion
Leaders or Peers in their Network” and “1” indicating that they frequently communicated about
immunizations with All of the Peers or Opinion Leaders in their Network.
This variable was measured separately for opinion leader and peer networks. I collapsed
the categories of these variables in the descriptive and main analyses. A description and
justification for the variable conversions accompanies the analysis in Chapters 4 and 5.
Confounders: Individual & Relational Factors
Variables that theoretically impact social network selection (i.e., factors that might lead
mothers/caregivers to choose a particular group of friends and leaders) and immunization use
(Adeyinka, Oladimeji, Adeyinka, & Aimakhu, 2009; Antai 2009a, 2009b, 2010; Babalola, 2009,
2011; Bhuiya, 1995; Eng et al., 1991; Lee, 2005; Ngowu et al., 2008; Streefland & Chowdhury,
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1999) were also included. These variables comprise measures of socio-demographic
characteristics, previous health-seeking behavior and physical access, immunization exposure
and coverage, and key social network partner characteristics. The socio-demographic variables
were measured using data collected as part of a 2011 census in Bungudu. The other confounders
were measured using data from the mothers/caregiver and opinion leader surveys and the GIS
form. Table 3 lists all of the confounding variables, along with the coding structure, that were
considered for inclusion.
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Table 4
Measurement of Confounders
Confounding
Variables

Socio-Demographic
Characteristics

Health-Seeking
Behavior and
Physical Access
Immunization
Exposure and
Coverage
Social Network
Partner
Characteristics

Measuring & Coding Structure
Maternal Age: 1 = 14-17 yrs, 2 = 18-24 yrs, 3 = 25-34 yrs, 4 = 35> yrs
Marital Status: 1 = married, 2 = widowed
Relationship to Child: 1 = mother, 2 = other caregiver
Household Wealtha: Composite index: 1 = poorest; 2 = middle; 3 = richest
Education Level: 0 = never attended; 1 = primary; 2 = secondary; 3 = Quranic
school only
Wife Status: 1 = 1st wife, 2 = 2nd wife, 3 = 3rd wife, 4 = 4th wife
Religion: 1 = Muslim, 2 = Christian
Ethnic Group: 1 = Hausa; 2 = Kanuri; 3 = Fulani
Previous experience seeking other care for child: 0 = never, 1 = ever
Distance to health facility providing IZ servicesb: 0 = <5 kilometers, 1 = 5-10
kilometers, 2 = >10 kilometers
Previous Media Exposure about IZ: 0 = never, 1 = in 1 or more months, 2 =
within the last month
Number of Health Professionals Talked to about IZ: numeric, ranging from 05
Perceived Husband Support for IZ: 0 = disapproves of IZ; 1 = ambivalent
towards IZ; 2 = approves of IZ
Degree centralityc numeric, total number of nominations of a specific leader;
total number of nominations of each category of peer

a

Household wealth was estimated using an index adapted from the DHS wealth index – the mostly commonly used measure of
socio-economic position in developing countries (Rutstein & Johnson, 2004; Filmer & Pritchett, 2001). This index includes 14
asset indicators: ownership of durable assets (clock/watch, car, refrigerator, bicycle, stereo/radio, television, motorcycle);
ownership of farming assets (work animals and land); and the housing quality (dwelling made out of high quality materials, uses
high quality cooking fuel, and access to good toilet facilities, safe water, a waste disposal system, and electricity). These
variables were each measured on a 0-1 scale and combined with equal weight to create a 14-point scale. Women in households
with 0-4, 5-9, and 10+ assets were categorized in the lowest, middle, and highest wealth quintiles in their communities.
b
Straight-line (geodesic) distances in meters were calculated using the ArcGIS 10. These data were exported into Stata 10.0 and
converted into kilometers. The distance data was then categorized into the three categories often used to predict basic health
service use in rural areas in developing countries (Kadobera et al., 2012; Larson et al., 2012; Mwaniki et al., 2002).
c
Degree centrality is the extent to which an individual/or group of individuals is positioned near the center of a network. The
number of times a specific social network contact is mentioned is the simplest way to identify the most central individuals in a
network (Scott, 2000). I used this approach to measure the degree centrality of opinion leaders. However, I was not able to use
this approach to measure the degree centrality of peers. Because mothers/caregivers were required to nominate peers within their
own compounds, peers were limited in terms of the total number of nominations that they could receive. In fact, only 104 of the
805 peers in the sample (12%) were nominated more than once. Of these 104 peers that were nominated more than once, 84 of
them (80%) were nominated twice. For this reason, I conducted an alternative analysis that captured the centrality of each type of
peer group in the sample.
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Statistical Analysis
Validating Measures of Injunctive Norms
Before testing the study hypotheses, I assessed the accuracy of the mothers/caregivers’
reports regarding their opinion leaders and peers’ attitudes towards immunizations. Depending
on these results, I improved the measures to make them more valid indicators of injunctive
norms towards immunizations. I decided to assess the validity of the measures of injunctive
norms rather than descriptive norms because the former has been shown to be inferred to a
greater extent than the latter. For example, a meta-analysis conducted by Borsari and Carey’s
(2003) on the role of injunctive and descriptive norms on a range of health outcomes found that
more people misperceived injunctive norms than descriptive norms. This trend was indicated by
much larger self-other discrepancies (SODs; i.e., a measure of how well people accurately
predict the preferences of others) for injunctive norms than descriptive norms in the studies
(Borsari & Carey, 2003). This finding is noteworthy, given that the meta-analysis rendered 102
separate tests of SODs for descriptive and injunctive norms with over 53,000 participants
The authors hypothesized that people are better able to report on descriptive norms than
injunctive norms because the former requires individuals to directly observe the behavior of
interest, while the other does not (Ajzen & Fishbein, 2005). Direct observations of a behavior
lead to more accurate and stable cognitions than general perceptions of how people view it. The
sense of certainty that goes along with direct observations ultimately leads people to provide
more accurate reports of their behaviors than their attitudes (Ajzen & Fishbein, 2005; Doll &
Ajzen, 1992).
I also feel more confident that the descriptive norm reports are more accurate than the
injunctive norm reports because of how data on descriptive norms was collected. The questions
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capturing the information used to measure descriptive norms – whether their opinion leader or
peer immunized their child – were specified in a way that would help to overcome bias in
reporting. Instead of asking mothers/caregiver if their peers and opinion leaders ever immunized
their child, the mothers/caregivers were asked to name the ways in which they observed their
opinion leaders and peers express their attitudes towards immunizations. Immunizing their child
was one way that opinion leaders and peers could express support for this health service. I
specified the survey question in this more indirect way so that respondents felt less impelled to
over-state their social contacts’ use of childhood immunization services.
For these reasons, I assume that the data collected on descriptive norms are accurate,
while the data collected on injunctive norms need to be validated. Assessments of the validity of
injunctive norms around immunizations for opinion leaders and peers are below. An overview
of these tests and their results, and the strategy for improving these measures, if deemed
necessary, is included.
Perceived opinion leader support for immunizations. To assess the accuracy of
opinion leader reports, I first assessed the level of agreement between the mothers/caregivers’
reports and the opinion leaders’ own reports about their attitudes towards immunizations. I used
the observed percentage of agreement instead of the kappa statistic to measure the level of
agreement between these reports since statements of immunization disapproval were rare (only
4% of mothers/caregivers and < 1% of opinion leaders reported that opinion leaders disapproved
of immunizations). When observations for an event are rare, low kappa values do not
necessarily reflect the rate of agreement that exists between observers (Viera & Garrett, 2005).
For this reason, the observed percentage of agreement is instead used to capture this information.
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This issue is empirically indicated by a relatively high observed percentage of agreement and a
low kappa score.
In this study, the overall percentage of agreement between the mothers/caregivers’
reports and the opinion leaders’ reports regarding their attitudes towards immunizations was
relatively high (74.76%) and the kappa score was very low (.02). Even though the observed
percentage of agreement between the mothers/caregivers reports and the opinion leaders’ own
reports was relatively high (74.76%), it is still below the 85% benchmark used to indicate
confidence in reporting (Jager, 2005; Laumann, Marsden, & Presndky, 1983; Viera & Garrett,
2005).
There are three primary reasons that the mothers/caregivers’ reports may differ from
opinion leader reports regarding their attitudes towards immunizations. First, mothers/caregivers
might have limited access to information about their opinion leaders’ views towards
immunizations. This might be a result of having infrequent contact or information exchanges
with their opinion leaders about immunizations (Jager, 2005). The second reason that
mothers/caregiver reports and opinion leader reports may differ is projection bias. Projection
bias is when an individual incorrectly attributes his or her own beliefs or behaviors to her social
contacts, artificially increasing the observed correlation between the behaviors of social contacts
and an overestimation of their influence (Ross, Greene, & House, 1976).
The third reason that mother/caregiver reports and opinion leader reports may differ is
social desirability bias. Social desirability bias is the tendency of respondents to answer
questions in a manner that will be viewed favorably by others (King & Bruner, 1999). This
response bias occurs mainly for questions that deal with personally or socially sensitive content
(Crowne & Marlowe, 1964). Given normative pressure on opinion leaders to support this health
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service in northern Nigeria, it is possible that social desirability bias influenced both the
mother/caregivers’ and opinion leaders’ reports.
As described in Chapter 2, the Nigerian government and international community have
made a concerted to improve immunization coverage rates in northern Nigeria over the last
decade (PRRINN-MNCH, 2010). One way that these actors have tried to increase immunization
use is by engaging local opinion leaders in their immunizations activities. For example, opinion
leaders have been invited to immunization-related advocacy meetings and sensitivity workshops
and included in social mobilization teams to convince people to immunize their children (GPEI,
2010; PRRINN-MNCH 2010). By getting local leaders to buy-into the public health benefits of
immunizations and participate in campaigns, the government and international community hope
to increase demand for this health service.
It is possible that the pressure faced by opinion leaders to support immunizations led
them to over-state their support for immunizations during their interviews. This is especially
plausible given village chiefs’ political motives to express support for immunizations (e.g., they
sometimes get financial incentives for getting their community involved in immunization
activities; Doctor, personal communication, June 29, 2013) and the fact that the use of
immunizations fundamentally conflicts with some religious leaders’ beliefs (e.g., the belief that
Allah alone is the source of all illness and cure; Renne, 2010) and traditional healers’ medicinal
alternatives (e.g., herbal medicines and spirit worship; Renne, 2010) for preventing childhood
death and disease. This normative pressure that opinion leaders face to support immunizations
may have trickled down to mothers/caregivers, leading them to also over-state their opinion
leaders’ level of support towards this health service.
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To test the plausibility of the first explanation for the incongruence in reporting – that
mothers/caregivers did not have access to sufficient information to accurately report on their
opinion leaders’ attitudes towards immunizations – I first assessed the level of direct contact and
communication that mothers/caregivers had with their opinion leaders about immunizations. The
analysis shows that 53% (288 of the 537 women) of the mothers/caregivers had frequent contact
(defined as interacting a few times a week or daily) with at least one of their opinion leaders and
that 47% of them (254 of 537 women) communicated frequently (defined as more than three
times) with at least one of their opinion leaders about immunizations. With just around half of
the mothers/caregivers in the sample in frequent contact and communication with an opinion
leader about immunizations, I cannot assume that they had sufficient information to generate
accurate reports about their attitudes towards immunizations.
I therefore conducted a second analysis in order to compare opinion leaders’ reports on
how they wielded their support for immunizations to mothers/caregivers’ reports on this same
topic. If mothers/caregivers accurately reported on their opinion leaders’ involvement in
immunization activities, and they were able to do this regardless of their level of contact and
communication with their opinion leaders about immunizations, then I could conclude that they
had enough information to accurately report on their opinion leaders’ attitudes towards this
health service. The formal analysis resulted in a very high level of observed agreement between
the two reports on how opinion leaders wielded their support for immunizations (90.81%). This
level of agreement is notable given that the survey questions capturing this information were
open-ended, requiring opinion leaders to name the range of immunization activities that they
participated in and mothers/caregivers to recall their opinion leaders' involvement in these
activities.
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The level of agreement between these reports was also not statistically different across
mothers/caregivers with infrequent contact (88% agreement) versus frequent contact (92%
agreement) with their opinion leaders (two-sample test of proportions, p = .260) and
mothers/caregivers with infrequent communication (90% agreement) versus infrequent
communication (94% agreement) with their opinion leaders about immunizations (two-sample
test of proportions, p = .269). I therefore concluded that mothers/caregivers had sufficient
information to make claims about their opinion leaders’ views towards immunizations and that
their incongruence in reporting is thus, most likely due to other forms of bias.
To test the plausibility of the second explanation for incongruent reporting, projection
bias, I conducted a statistical test commonly used by researchers to test for this type of bias
(Hogset & Barrett, 2010). This test was a comparison of the correlation between the
mothers/caregivers’ own attitudes towards immunizations and their perceptions of their opinion
leaders’ attitudes towards immunizations, to the mothers/caregivers’ own attitudes towards
immunizations and their opinion leaders’ actual attitudes towards immunizations. Even though
the aforementioned correlations were relatively low, the former correlation was still weaker
(22%) than the latter correlation (39%), signaling that it is unlikely that projection bias
influenced this injunctive norms measure.
Since the incongruence in mother/caregiver and opinion leader reporting about opinion
leader attitudes towards immunizations does not seem to be due insufficient access to
information or projection bias, it seemed plausible that social desirability bias is threatening the
validity of these reports. To address this bias and obtain a more reliable estimate of injunctive
norms towards immunizations within the mothers/caregivers’ opinion leader networks, I used a
latent variable approach. The latent variable approach assumes that reports from multiple
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informants are more reliable than reports from a single informant because it captures a range of
true score variance, systematic variance unique to the perspective of the rater, and error variance
(Cook & Goldstein, 1993; Moskowitz & Schwarz, 1982; Schwarz, Barton-Henry, & Pruzinsky,
1985). Therefore, by aggregating reports from multiple informants, the systematic variance due
to the shared perceptions of the informants will cumulate, but the random effects of the errors in
measurement will not (Cook & Goldstein, 1993). This ultimately improves the ratio of true
score variance to error variance (the reliability) for aggregated reports as compared to single rater
reports. Different from other models, the latent variable model is recommended for studies with
this type of data because it is also able to provide statistical controls for rater effects (Cook &
Goldstein, 1993).
Since I believe that the opinion leader reports on their attitudes towards immunizations
are influenced by bias and I have multiple reports of a majority of the opinion leaders’ views
towards immunizations,21 I use the latent variable approach to obtain a more reliable estimate of
their injunctive norms towards immunizations. To operationalize this approach, I used a mixed
linear model with a random intercept. The equation for estimating this model is below.

Yij=α+ β1X1ij+…+ β8X8ij +

21

+

Even though more than three-quarters of the opinion leaders in the sample were rated by multiple mothers/caregivers (79% of
the 149 opinion leaders were rated by more than 1 mothers/caregiver), 21% of them (N = 30) were rated by only one
mother/caregiver. This means that a more reliable estimate of opinion leaders’ attitudes towards immunization could not be
generated for 21% of the sample. This is a study limitation that is described in greater length at the end of Chapter 6.
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In this model, Yij is the opinion about immunizations of leader j as perceived by woman i,
with women i clustered in leader j. X1 to X8 are the covariates.22
varying over leaders (level 2) and

is the random intercept

is the woman rating (or woman-leader) specific error term.

Once I ran this latent variable model, I used a random effects post-estimation procedure
in order to retrieve predicted errors for each opinion leader in the sample. I used the e(sample)
procedure to make sure that predicted values were generated for all the opinion leaders and that
mothers/caregivers who were dropped from the model, because of missing values for some of the
regressors (a total of 39 mothers/caregivers), were re-included in the sample. Next, I used the
summary procedure to make sure that the predicted values imputed for each opinion leader in the
sample was the same for each of their observations. The results showed that all of the leaders in
the sample earned the same predicted value.
After cross-checking the predicted values generated from the random effects procedure, I
used the percentile distribution of these errors (20/40/60/80) to generate the new categories of the
opinion leader injunctive norms variable. A table comparing the distributions of the original
variable generated from mothers/caregivers’ reports about each of their opinion leaders’ views
towards immunizations and the new variable generated from the latent variable approach is
below (Table 5). The new variable, which is used in all proceeding analyses, was reconstructed
in the same way as the peer injunctive norms variable described in the “Measures” section above.

22

The woman-level covariates in the model are: number of years lived in village, age, education level, household wealth, size of
uncensored network, frequency of contact with leader, closeness to leader, and degree centrality of leader.
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Table 5
Comparison of the Distributions of the Original & New Variable Measuring Opinion Leader
Attitudes towards Immunizations
Response Categories
Unsupportive
Ambivalent
Supportive
Missingb

Na (%) Original Measure

Na (%) New Measure

17 (1.3)
338 (26.8)
907 (71.9)
8

418 (40.2)
260 (25.0)
362 (34.8)
230

a

The total number of mother/caregiver-opinion leader observations (pairs) in the sample is 1,270. N is based on the
range of 0 to 4 opinion leaders that each mother/caregiver in the sample nominated in their network.
b
The missing observations for the new variable comprise of opinion leaders that were dropped from the analysis
because they had missing values for too many of the regressors in the latent variable model. As indicated in the text,
I used a strategy to re-include those opinion leaders who were dropped from the analysis. However, only 39
observations were recovered through this procedure. The observations that could not be recovered through this
procedure had missing values for two or more of the variables in the model.

After generating the new measure of opinion leaders’ perceived support for
immunizations, I conducted a sensitivity analysis to assess whether this new measure was a good
surrogate of opinion leaders’ actual support for immunizations. Since opinion leaders’ reports
about their attitudes towards immunizations are influenced by social desirability bias (as
described in the earlier part of this section), I used their reports on the range of immunization
activities that they participated in as a proxy of their level of support for this health service. As
explained previously, this measure is reliable, since it was very, highly correlated with
mothers/caregivers own reports about their leaders’ involvement in immunization activities. For
this reason, I felt comfortable using this measure as an indicator of opinion leaders’ actual
support for immunizations.
For the purposes of this analysis, I recoded the variable measuring the range of
immunization activities that leaders reported participating in on an increasing 0-1 scale, with “0”
representing No Participation in Immunization Activities or Disapproval of Immunizations and
“1” representing Participation in Three or More Immunization Activities or Approval of
Immunizations. If the new variable measuring opinion leaders’ perceived attitudes towards
71

immunizations is a better measure, in other words, a good surrogate of their actual attitudes
towards immunizations, I expected there to be a statistically significant relationship between the
two variables. The sensitivity analysis results provided support for this claim by showing a
statistically significant relationship between the new variable measuring opinion leaders’
perceived attitudes towards immunizations and opinion leaders’ actual attitudes towards
immunizations (chi-square test, p = .034).
Perceived peer support for immunizations. To evaluate the accuracy of peer reports, I
first assessed the level of agreement between the mothers/caregivers’ reports and the peers’ own
reports about their attitudes towards immunizations. I used the same methodological approach
used in the opinion leader analysis to make this comparison. Different from the opinion leader
analysis, however, I did not collect data directly from peers about their attitudes towards
immunizations. I therefore had to deduce peers’ self-reported views towards immunizations
from the 118 mothers/caregivers in the study that were also nominated as peers. In the end, the
overall % of agreement between the mothers/caregivers’ reports and the peers’ own reports
regarding immunizations was a high 97.92%. This percentage of agreement is well above the
85% benchmark used to indicate confidence in reporting (Jager, 2005; Laumann et al., 1983;
Viera & Garrett, 2005). I, therefore, feel confident that the mothers/caregivers’ reports about
their peers’ attitudes towards immunizations are accurate.
As indicated in the opinion leader analysis, having access to sufficient information about
people’s views is a critical part of being able to provide accurate reports about them. To qualify
that mothers/caregivers had sufficient information to accurately report on their peers’ attitudes
towards immunizations and that the high level of agreement between the mothers/caregivers’
reports and peers’ own reports about immunizations is not am empirical fallacy, I assessed the
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level of contact and communication about immunizations between mothers/caregivers and their
peers. The results show that 67% (361 of the 537 women) of mothers/caregivers had frequent
contact (defined as interacting a few times a week or daily) with at least one of their peers and
that 64% of them (341 of the 537 women) communicated frequently (defined as more than three
times) with at least one of their peers about immunizations. With nearly two-thirds of the
mothers/caregivers in the sample reporting that they have frequent contact and communication
with a peer about immunizations, I feel more comfortable using data from the
mothers/caregivers’ reports to measure their injunctive norms towards immunizations.
To ensure that this is the case, I conducted a test to rule out that projection bias was also
present in this study. I tested whether projection bias in particular was present, given that this
type of bias is the primary threat to accurate reporting of peer attitudes and behaviors in egocentric network studies (Hogset & Barrett, 2010). In ego-centric network studies, projection bias
occurs when an individual incorrectly attributes his or her own beliefs about a topic to his or her
peers. If the peers’ beliefs differ, the observed correlation between the attitudes of the peers is
biased. This leads to an overestimation of peer influence in analyses (Ross, Green, & House,
1976).
To determine whether or not projection bias influenced mothers/caregivers’ reported
opinions about their peers’ attitudes towards immunizations, I conducted the same, accepted
statistical tests used in the opinion leader analysis (Hogset & Barrett, 2010). I compared the
correlation between mothers/caregivers own attitudes towards immunizations and their
perception of their peers’ attitudes towards immunizations to the mothers/caregivers own
attitudes towards immunizations and the peers’ actual attitudes towards immunizations. The
former correlation was much weaker (32%) than the latter correlation (87%), which signals that
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projection bias was not influencing this measure. In this study, I, therefore, follow suit with the
practice of experienced social networks scholars (e.g., Bandiera & Rasul, 2006; Behrman et al.,
2002) and use mothers/caregivers’ reports about their peers’ attitudes towards immunizations as
a measure of injunctive norms.
Testing Study Hypotheses
The following steps were taken to analyze the study data. First, bivariable selection
(BVS) analysis was used to select the variables, listed in Table 4, to include as confounders in
the analyses. Those variables that emerged as statistically significant predictors of DPT use at
the .10 level were included. These variables were: relationship to child; distance to a health
facility providing immunization services; previous experience seeking care for child; number of
health professionals talked to about immunizations; previous media exposure about
immunizations; husband’s perceived views towards immunizations. The more conservative, .10
p was used as the BVS cut-off so that I did not reject any potentially important variables,
properly controlled for confounding (Sun, Shook, & Kay, 1996), and accounted for measured
selection effects.23
Next, logistic regression models with robust standard errors (SE) and multi-level models
were run, using the logit and xtlogit functions, to test the study hypotheses. The benefit of using
the multi-level modeling approach is that it assumes a hierarchical or clustered data structure.
With this analysis strategy, it is therefore possible to utilize sampling units at different levels in
order to model inferences at the individual level (Goldstein, 1999). The multi-level models in

23

A fundamental challenge in estimating social network effects is that individuals tend to select peers who are similar to
themselves. The threat in this study is that IZ users may choose peers based on their IZ status and that non-IZ users may choose
peers based on their non-IZ status. When relationships are determined because of common IZ behaviors, the IZ behaviors of
peers will be correlated, but this correlation will reflect peer selection rather than peer influence.
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this study were run as one-level hierarchical mixed effect models, adjusting for clustering at the
compound24 and village levels.25
When running the logistic and multi-level models, all predictors and confounders were
simultaneously added, unless otherwise specified in the equations below. A log likelihood ratio
test, using the lrtest function, was then used to compare the fit of the logistic and mixed-effects
models. In all cases, the mixed-effects models were a better fit than the logistic models (p < .05),
given the multi-level structure of the data. For this reason, I only present the results of the
mixed-effects models in this dissertation. Unstandardized regression coefficients with
corresponding confidence intervals were used to interpret all results, unless otherwise specified.
Stata version 12 was used to conduct all modeling (StataCorp; College Station, TX, USA).
Equations
Testing the influence of injunctive & descriptive norms on immunization use. The
equations for testing the hypotheses on the positive effects of injunctive and descriptive norms
on mothers/caregivers routine immunization use are below.
Injunctive norms hypotheses.
Hypothesis 1A: Mothers/caregivers who perceive that a majority of the opinion
leaders in their network support immunizations will have a higher likelihood of
immunizing their child.
Hypothesis 1B: Mothers/caregivers who perceive that a majority of the peers in
their network support immunizations will have a higher likelihood of immunizing
their child.

24

A random effect at the compound-level accounts for the fact that all peers live in the same compound as the main respondents
and that their networks of leaders may also be the same given that they share a family and a home.
25

Fixed effects at the village level were included to reduce heterogeneity across the 22 paired villages in this study.

75

Descriptive norms hypotheses.
Hypothesis 2A: Mothers/caregivers who observe a majority of their opinion leaders
in their network immunize their child will have a higher likelihood of immunizing
their own child.
Hypothesis 2B: Mothers/caregivers who observe a majority of their peers in their
network immunize their child will have a higher likelihood of immunizing their own
child.
The model used to estimate Hypotheses 1A-2B was:

Pr(Yij=1|Xij , Sij ,

) =logit1 (α+ β1X1ij… + β17X17ij + β18S18ij +

)

(1)

In this model, Pr [Yij = 1] is the probability that the respondent immunized her child with the
DPT vaccine, with i representing the individual and j representing the clustering of individuals in
compounds. X1 to X17 are the covariates, including the 11 dummy variables that represent the 22
paired villages in this study. S18 represents the measures of injunctive norms or descriptive
norms.

is the random intercept varying over compounds (level 2). The only difference

between this model specification and the model specification for the mixed effects model is that
the random intercept varying over compounds was not included. This equation was modeled
four times in order to estimate the independent influence of injunctive norms and descriptive
norms in mothers/caregivers’ opinion leader networks versus peer networks.
Confirming the underlying factors behind the influence of injunctive & descriptive
norms. The following standardized model developed by Montgomery and Casterline (1996) was
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used to confirm that social control underlies the influence of injunctive norms and social learning
underlies the influence of descriptive norms on mothers/caregivers’ immunization use:

Pr(Yij=1|Xij , Sij ,
δ1(S18*S19)

) =logit1 (α+ β1X1ij… + β17X17ij + β18S18ij + β19S19ij +

(2)

)

In this model, Pr [Yij = 1] is the probability that the respondent immunized her child with
the DPT vaccine, with i representing the individual and j representing the clustering of
individuals in compounds. X1 to X17 are the covariates, including the 11 dummy variables that
represent the 22 paired villages in this study. S18 represents the measures of injunctive norms or
descriptive norms. S19 is the density of the peer network. S18*S19 is an interaction term of the
variables measuring injunctive norms or descriptive norms and density.

is the random

intercept varying over compounds (level 2). This equation was estimated two times in order to
test whether social control underlies injunctive norms and social learning underlies descriptive
norms respectively.
According to Montgomery and Casterline (1996), if social control underlies injunctive
norms around immunization use, a mother’s routine immunization use would be influenced
weakly by the distribution of peer support for immunizations (the measure of injunctive norms)
in sparse networks, but strongly in dense networks that are exerting normative pressure. From an
empirical point of view, this means that the coefficient for S18 will be insignificant, the
coefficient for S19 will be significant, and δ1 will emerge as a strong, positive factor, signaling
that normative pressure is underlying the influence of injunctive norms on the
mothers/caregivers’ decisions to immunize.

77

If social learning underlies descriptive norms around immunization use, the percentage of
observed immunization users (the measure of descriptive norms) in the mothers/caregivers’ peer
network would exert a positive influence on the mothers’ use of DPT. Density would have a
minor, possibly negative effect because dense networks are expected to provide redundant
information. From an empirical point of view, this means that if the coefficient for S18 is
positive and significant, the coefficient for S19 is insignificant, and the coefficient for δ1 is
insignificant or negative, then social learning is the main factor underlying the influence of
descriptive norms on immunization use.
Comparing the influence of injunctive & descriptive norms on immunization use. In
order to hypotheses 3A and 3B, which compare the influence of injunctive norms to descriptive
norms on immunization use, I estimated the following equation:

Hypothesis 3A: Injunctive norms around immunizations in opinion leader networks
will exert a stronger influence on mothers/caregivers’ immunization use than
descriptive norms.
Hypothesis 3B: Descriptive norms around immunizations in peer networks will
exert a stronger influence on mothers/caregivers’ immunization use than injunctive
norms.
Pr(Yij=1|Xij , Sij ,

) =logit1 (α+ β1X1ij… + β17X17ij + β18S18ij + β19S19ij +

(3)

)
Similar to the model used to test hypotheses 1A-2B, Pr [Yij = 1] is the probability that the
respondent immunized her child with the DPT vaccine, with i representing the individual and j
representing the clustering of individuals in compounds. X1 to X17 are the covariates, including
the 11 dummy variables that represent the 22 paired villages in this study. S18 is the measure of
injunctive norms and S19 is the measure of descriptive norms. S18 and S19 were transformed into
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standardized regression coefficients to make their units comparable.

is the random intercept

varying over compounds (level 2). This equation was modeled twice in order to compare the
influence of injunctive norms and descriptive norms regarding immunizations in the
mothers/caregivers’ opinion leader networks versus peer networks.
Testing moderators of the effect of injunctive & descriptive norms on immunization
use.
Hypothesis 4A: Closeness strengthens the effect of injunctive norms about
immunizations on mothers/caregivers’ routine immunization use.
Hypothesis 4B: Closeness strengthens the effect of descriptive norms about
immunizations on mothers/caregivers’ routine immunization use.
Hypothesis 5A: Frequency of communication about immunizations strengthens the
effect of injunctive norms about immunizations on mothers/caregivers’ routine
immunization use.
Hypothesis 5B: Frequency of communication about immunizations strengthens the
effect of descriptive norms about immunizations on mothers/caregivers’ routine
immunization use.
The models assessing whether social control underlies the influence of injunctive norms
and if social learning underlies the influence of descriptive norms on mothers/caregivers’
immunization use (equation 2 above) were used to test Hypothesis 4A-5B, with two specification
changes. First, the covariate (S19), measuring density was transformed into the measure of
closeness or frequency of communication about immunizations within the mothers/caregivers’
networks. Second, S18*S19 was transformed into an interaction term of the variables measuring
injunctive norms or descriptive norms and the variable measuring closeness or frequency of
communication about immunizations. Also different from equation 2, this equation was
estimated eight times – four times to test whether closeness strengthens the influence of
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descriptive norms and injunctive norms in mothers/caregivers’ opinion leader networks and peer
networks respectively and four times to test whether frequency of communication about
immunizations has a similar effect across the different social network norms and network types.
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CHAPTER 4
DESCRIPTION OF SAMPLE & NETWORK

In this chapter, I describe the mothers/caregivers, opinion leaders, and peers in the study
and contextualize how the mothers/caregivers compare to other women in northern Nigeria. I
then compare the mothers/caregivers and peers across key socio-demographic characteristics,
social network properties, norms, and matched villages. Comparing mothers/caregivers across
matched villages allowed me to establish the efficacy of sampling procedure – that the
mothers/caregivers in the study were comparable on characteristics other than immunization use.
By comparing mothers/caregivers on key social network properties and norms by matched
villages, I was able to provide a social network-based explanation for why some villages have
higher immunization coverage rates than others. Overall, the results from this descriptive
analysis informed procedures used in the main analysis and recommendations for increasing
routine immunization use in northern Nigeria.
Description of Sample
Mothers/Caregivers
More than three-quarters of the 550 women interviewed for this study are between 18
years and 34 years of age. Nearly all of the women in the study are the biological mother of the
child described in their interview. A small proportion of the women (3%) are caregivers,
primarily responsible for the child during the mother’s temporary or permanent absence. Almost
all of the women are married. This is not surprising since marriage at an early age (when girls
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reach menarche, usually around the age of 14) is common practice26 (Ojanuga & Johnson, 1992;
United States Agency for International Development [USAID], 2010) and out-of-wedlock births
are considered a criminal offense in Muslim Hausa Nigeria (DFID, 2005; Ojanuga & Johnson,
1992).
A majority of the women in the study do not have a secular education. Ninety-six percent
of the women attended Qu’ranic School, where they learned the Arabic alphabet and how to read
and copy Qu’ranic texts for daily prayer. Only 2.5% attended primary and secondary school
combined, and none of them earned a higher education. The secular education rate among the
women is much lower than the estimates derived from other studies in the region. A recent study
shows that 12% of women living in northwest Nigeria attained a primary or secondary education
(Erulkar & Bello, 2007). The extremely low secular education rate among study participants,
which might be a result of their rural status (NDHS, 2008), is important given that this factor has
been associated with low childhood vaccination use in Nigeria (Antai, 2009a; Odusanya et al.,
2008).
Nearly 100% of the mothers/caregivers in the study are in the lowest (44%) and middle
(55%) wealth quintiles.27 This is to be expected since poverty is highly correlated with place of
residence in developing countries. That is, wealthier groups tend to concentrate in urban areas,
while poorer groups tend to concentrate in rural areas (MEASURE Evaluation Population and
Reproductive Health [PRH], 2011; USAID, 2011). This trend is important since in Nigeria,
children from wealthier households are 13 times more likely to be vaccinated than children from

26

By Islamic custom, marriages are arranged through contracts between families. In 2003, an estimated 54% of girls aged 15-24
were married by age 15 and 81% were married by age 18 in northwestern Nigeria. In rural areas in this region, two-thirds of girls
were married by age 15 (Erulkar & Bello, 2007).
27

The difference between mothers/caregivers in the middle quintile versus lowest quintile is that they own certain farming assets
(cattle, sheep, goat, and poultry), durable assets (watches, bicycles, radios, motorcycles, and refrigerators, and car) and have a
more sustainable source of light (p < .05).

82

poorer households (DHS, 2009). However, this trend does not hold up in the study (being in any
of the wealth quintiles does not significantly predict DPT use (p = .84) because of the minimal
variation in the mothers/caregivers’ wealth status, which is a result of the matched sampling
procedure used to control for socio-demographic differences among the study respondents.
Almost all of the mothers/caregivers in the study are their husband’s first or second wife
(96%). This is to be expected given that the number of wives a man has is correlated to his
wealth (Hayase & Liaw, 1997). Since almost all of the mothers/caregivers are from poorer
households (as described above), it is expected that they would be part of a family unit where
they are their husband’s only wife or second wife. This assumption was confirmed with data
collected in the HDSS – 52% of the mothers/caregivers’ husband’s reported having one wife and
42% of them reported having two wives (N = 452).
Mothers/caregivers in low versus high immunization villages. A total of 234 of the
mothers/caregivers live in low immunization villages and 316 live in high immunization villages.
As expected from the matched sampling procedure, women across village groupings share
similar characteristics (see Table 6). The women only differed in two ways. A higher
percentage of mothers/caregivers in the high immunization villages reported that they support
immunizations than mothers/caregivers in the low immunization villages (p = .00). This result is
consistent with the theory tested in this dissertation that attitudes towards immunizations in a
network are an important part of decision-making around this health service. Distance to a health
facility that provides childhood immunization services was also different across village
groupings. A higher proportion of mothers/caregivers in the low immunization villages live
closer (<5 kilometers away) to a health facility that offers immunizations services then
mothers/caregivers in high immunization villages (p = .00). This is the case even though their
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utilization of this health service was much lower (16% versus 34 % DPT use, p = .00),
suggesting that living closer to a health facility does not necessarily translate into greater
immunization use.
Social Network Partners
Opinion leaders. The mothers/caregivers nominated a total of 208 opinion leaders.
Because mothers/caregivers sometimes nominated the same leader, there are 167 different
opinion leaders in the sample. Interviews were collected from 127 of these leaders, who fall into
four categories – traditional healers (traditional medical providers), malams (Muslim Qu’ranic
school teachers), imams (Muslim religious leader), and political chiefs (see Figure 3 for a venn
diagram of the opinion leaders). A majority of the opinion leaders are religious in affiliation –
29 (23%) are imams, 20 (16%) are malams, and 44 (35%) occupy both positions. One opinion
leader had religious and political influence, since he held positions as an imam, malam, and
political chief.
The second largest group of sampled opinion leaders was political chiefs (20%). An
overwhelming majority of sampled opinion leaders (92%) exerted influence at the village level.
The remaining 8% had influence extending to the district-level. These leaders are elected
District Heads, appointed Chief Imams, and appointed Deputy Chief Imams.
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Table 6
Descriptive Statistics for Mothers/Caregivers

Note. Chi-square tests were conducted to determine statistically significant differences between mothers/
caregivers in low versus high immunization villages.
*p < .001 between mothers/caregivers in low versus high immunization villages on the specified variable.
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The smallest number of opinion leaders was from the traditional healer category (5.5%
of the leaders). As described in Chapter 3, the sample of traditional healers is in part small
because the field worker responsible for collecting these data found it difficult to locate them.

Figure 3. Venn Diagram of Opinion Leaders (n = 127)

Opinion leaders primarily wield their influence on mothers/caregivers’ immunization
behaviors in five ways: by immunizing their own child in public (84.8%), advocating for routine
immunization before health campaigns (24.5%), dispelling myths about immunizations (17.8%),
encouraging women to take their child to a clinic (16.1%), and speaking out about
immunizations at meetings or sermons (15.7%). These same channels of influence were
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mentioned by the mothers/caregivers during their interviews, giving me confidence in the
validity of responses. In fact, the level of agreement between the opinion leaders’ reports and the
mothers/caregivers’ reports on how opinion leaders wield their influence on immunizations was
a high 90.8%28 (see the section on validating measures of injunctive norms in Chapter 3 for a
more in-depth discussion of this finding and its relevance to this dissertation). This is notable,
given that the survey question capturing this information was open-ended, requiring opinion
leaders to name the range of immunization activities that they participated in and
mothers/caregivers to recall their leaders’ involvement in these activities.
Peers. The mothers/caregivers nominated a total of 964 peers. Because the women
sometime nominated the same peer, there were 805 different women in the sample (see Table 7).
The socio-demographic profile of the peers was very similar to the mothers/caregivers that were
interviewed. A majority of the peers are married (94%), Hausa (98%), Muslim (99.8%), have no
formal education (96.5% earned their education from Qu’ranic school), and are between 18 years
and 34 years of age (58%). The peers and women are also similar in respect to their co-wife and
wealth status – three-quarters of them are their husband’s first wife and nearly all of them fall
into the lowest and middle wealth quintiles.
Peers in this study wield influence on mothers/caregivers’ immunization use through
more direct channels than opinion leaders. Mothers/caregivers’ report that their peers primarily
influence their immunization use by immunizing their own child (87.7%). The remaining
mothers/caregivers’ report that their peers influence their immunization use by verbally
encouraging them to engage in this behavior (12.3%). Whether peers ultimately influence
mothers/caregivers as a result of their perceived attitudes towards immunizations (injunctive

28

Only those mothers/caregivers who reported that they know their leaders’ views regarding immunizations were included in
this analysis.
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norms) or observed engagement in the use of this health service (descriptive norms) is
empirically tested in the next Chapter.

Table 7
Comparison of Descriptive Statistics for Peers & Mothers/Caregivers
Measure
Relationship To Mother/Caregiver
Co-Wife
Friend
Sister-in-Law
Mother-in-Law
Other Female Relative
Age
14-17
18-24
25-34
35<
Marital Status
Never Married
Married
Widowed
Separated/Divorced
Wife Status
1st Wife
2nd Wife
3rd Wife
4th Wife
Household Wealth
Lowest
Middle
Highest
Religion
Muslim
Christian
Ethnic Group
Hausa
Kanuri
Fulani
Education Level
No School
Primary School
Secondary School
Qu’ranic School
N

% Mothers/Caregivers

% Peers
39.27
7.67
20.83
17.31
14.92

8.41
34.92
42.60
14.08

8.40
23.70
34.32
33.58

0
99.45
0.55
0

3.21
94.08
1.24
1.48

74.56
21.68
3.54
0.22

72.57
24.41
2.89
.13

45.45
53.82
0.73

40.25
59.01
0.75

99.68
0.32

99.88
0.12

98
0.18
1.82

97.7
0.37
1.98

1.13
1.69
0.75
96.43
550

0.25
1.73
0.86
97.16
964 (805)
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Description of Social Networks
The mothers/caregivers’ in the study have between 0 and 60 social network partners that
they report ever communicating with about immunizations. This is an average of 8.3 and a
median of 6 partners in their uncensored networks, which is slightly lower than the size of other
networks centered around health behaviors in African countries (Gerland, 2004). The mean size
of the mothers/caregivers’ censored, or personal opinion leader and peer networks is 2.3 out of
four and 1.75 out of three respectively. The median of the mothers/caregivers’ censored opinion
leader and peer networks is two.
Within their censored networks, a much higher percentage of mothers/caregivers perceive
that most or all their peers (65%) versus most or all of their opinion leaders (24%) support
immunizations. A higher % of mothers/caregivers also reported that they observed all of their
peers versus all of their opinion leaders immunize their own children. Twenty-four percent of
mothers/caregivers reported that they observed all of their peers immunize their children, while
16% of them observed all of their opinion leaders immunize their children. This finding is
expected given that mothers/caregivers’ share a compound with their peers and, therefore, have
more opportunities to observe their behaviors.
The degree of closeness between mothers/caregivers, opinion leaders, and peers also
varied. The mothers/caregivers feel closer to a higher percentage of their peers (27% are close to
a majority of their peers) than their opinion leaders (21% are close to a majority of their opinion
leaders). This finding is also expected given that mothers/caregivers share a compound with their
peers and these relationships are much more informal (see Description of Sample above). The
degree of closeness between the mothers/caregivers and their opinion leaders may be low
because of strict formalities governing these interactions. Mothers/caregivers may engage in
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conversations with their male opinion leaders (and all unrelated males) if they are granted
permission from their husband, or a designated male relative in their absence, to do so. This
Islamic practice, of secluding women from unrelated men, might explain why the
mothers/caregivers frequently discussed (defined as three times or more) childhood
immunizations with a smaller percentage of their opinion leaders (11%) than peers (16%) and
also had less frequent contact (frequent contact is defined as interacting a few times a week or
daily) with their leaders (28% have frequent contact with a majority of their leaders) than their
peers (67% have frequent contact with a majority of their peers).
The mothers/caregivers also have rather dense peer networks, with nearly 50% of their
peers connected to each other. High density is to be expected, given that all of the
mothers/caregivers’ peers share the same compound. These findings are consistent with other
ego-centric network studies exploring kin relationships (Scott, 2000) and populations living in
rural sub-Saharan Africa, as people in these areas tend to concentrate in small, relatively dense
villages that provide communal life (Gerland, 2004). In terms of degree centrality,29 there were
four opinion leaders and three groups of peers that had the most nominations. The most central
political chief was nominated by 82 mothers/caregivers, representing 66% of all chief
nominations in his district. The most central imam earned 47 nominations (26% of all imam
nominations in his district) and the most central malam earned 29 nominations (47% of all
malam nominations in his district). The most central traditional healer earned a total of 13
nominations (7% of all traditional healer nominations in his district), which is significant given
that this was the smallest category of opinion leaders in the study. These totals are substantial

29

The simplest measure of degree centrality is a count of the total number of ties an actor has to other members of the network
(Brass & Burkhardt, 1992). I also created a weighted measure of centrality by dividing the actual number of nominations for each
opinion leader by the total number of mothers/caregivers in the district where their opinion leader leads. This measure adjusts for
the fact that some districts have more mothers/caregivers that are eligible to nominate opinion leaders than others.
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given that the average number of nominations dedicated to each group of leaders in the sample
was much less – political chiefs earned an average of 16.5 nominations; imams earned an
average of 6.6 nominations; malams earned an average of 5.7 nominations; and traditional
healers earned an average of 4.4 nominations.
What is interesting about the four, most central opinion leaders in the study is that they
all occupied their positions of authority for more than 10 years. They all reported being
supportive of immunizations, yet only two of them – the political chief and malam – actively
engaged in immunization activities, such as encouraging women to immunize their children and
speaking out during meetings about the value of immunizations. However, mothers/caregivers
with central opinion leaders in their networks were not more likely to immunize their child (p =
.33). Mothers/caregivers with the actively supportive political chief and imam in their networks
were also not more likely to use the DPT vaccine (p = .44).
This trend also appeared in the analysis of the most common type of peer groups in the
study.30 More than three-quarters of the 964 nominated peers fit into three categories: co-wives
(39.32%), mothers-in-law (17.32%), and sisters-in-law (20.85%).31 However,
mothers/caregivers with these more common type of peers were not more likely to immunize
their child (chi-square test results, p = .57). Centrality is regarded as a strong marker of
importance and influence in a network, capturing the relative power of individuals to exchange
and disperse information to many others quickly (Rowley, 1997). However, in this study, the
centrality of specific opinion leaders and types of peers did not predict immunization use. These

30

I was not able to formally capture the degree centrality of peers in study. Because mothers/caregivers were required to
nominate peers within their compound, peers were limited in terms of the total number of nominations that they could receive.
For this reason, I conducted an alternative analysis that captured the centrality of specific types of peers on immunization use.
31

There were eight categories of peers: friends, co-wives, sisters-in-law, mothers-in-law, and “other female relatives.” The
“other female relative” category included: cousins, step-parents, mothers, daughters, and daughters-in-law and represented less
than 3% of all peer nominations.
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results are consistent with the theory underlying my study hypotheses, which suggests that
network-based norms are the primary source of influence on behavior (Cialdini et al., 1990).
Social Network Characteristics & Norms in Low versus High Immunization Villages
Mothers/caregivers across village groupings differed on many of the social network
properties and norms explored in this study (see Table 8). Mothers/caregivers’ in high
immunization villages have larger uncensored networks (ranging from 0-60 and a mean of 8.6
individuals versus a range of 0-33 and a mean of 7.8 individuals, p = .00) and censored networks
with opinion leaders (2.4 versus 2.1 individuals, p = .00) and peers (1.8 versus 1.6 individuals, p
= .01), than mothers/caregivers in low immunization villages. A higher percentage of
mothers/caregivers in high immunization villages are also part of networks where most or all of
their peers are perceived to support immunizations (77% versus 64%, p = .00) and have been
observed to immunize their own children (28% versus 17% of peers were observed to immunize
some of their own children; 27% versus 20% of peers were observed to immunize all of their of
their own children, p = .00). Mothers/caregivers in high immunization villages also have denser
peer networks than mothers/caregivers in low immunization villages (51% versus 41% have
peers that all know each other, p = .01).
Not all of the opinion leaders’ perceived norms towards immunizations, however,
differed by village grouping. Perceived opinion leader support for immunizations (24% of
mothers/caregivers in low immunization villages versus 26% in high immunization villages are
part of networks where their opinion leaders are perceived to mostly support immunizations, p =
.18) did not differ. The observed rate of immunization use among opinion leaders did, however,
differ, but only across one category. Twenty-two percent of mothers/caregivers in low
immunization villages versus 29 percent of mothers/caregivers in high immunization villages
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observed some of their opinion leaders immunize their own children. However, mothers/
caregivers in high immunization villages were not more likely than mothers/caregivers in low
immunization villages to observe all of their opinion leaders immunize their own children (15%
in low immunization villages and 17% in high immunization villages). These findings provide
preliminary support against my hypotheses that injunctive and descriptive norms towards
immunizations in opinion leader networks have an independent influence on mothers/caregivers’
immunization use.
The village immunization rate is also unrelated to the level of conversations about
immunizations with opinion leaders (10% in low immunization villages versus 14% in high
immunization villages have frequent communication with a majority of their opinion leaders
about immunizations, p = .16) or peers (14% in low immunization villages versus 18% in high
immunization villages have frequent communication with a majority of their peers about
immunizations, p = .20). Mothers/caregivers across villages are not closer to their opinion
leaders (23% in low immunization villages versus 20% in high immunization villages are closer
to a majority of their opinion leaders, p = .51) and peers (28% in low immunization villages
versus 27% in high immunization villages are closer to a majority of their peers, p = .73).
Whether frequency of communication about immunizations and closeness has the power to alter
the strength of the relationship between social network norms and immunization use is tested in
the next chapter.
Overall, the results indicate that mothers/caregivers in high immunization villages have
more robust peer network structures than mothers/caregivers in low immunization villages (see
Chapter 2 for the theoretical discussion of this literature). As the academic literature shows,
network structures have a major bearing on the social capital benefits (information, ideas, and
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support) that can be secured within a network (Burt, 2000). With a higher number of
connections, shared connections, and interactions between mothers/caregivers and their peers
who support immunizations, mothers/caregivers in high immunization villages have heightened
access to positive information about immunizations and more of a capacity to transfer this
information effectively to others (Hansen, 1999). With less structural holes and constraints to
access information about immunizations (Burt, 1997; Lin, 2011), mothers/caregivers in high
immunization villages may also have more of an opportunity to leverage social capital from their
peer networks for the purposes of promoting immunization use.
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Table 8
Summary Statistics: Social Network Characteristics
Low Immunization
Villages

High Immunization
Villages

Social Network Characteristic
Network Size

n

Statistic

n

Statistic

p Value

Range of total network for egos

229

0-33

309

0-60

NA

Mean network size for egos

229

7.86

309

8.64

.0099*

Mean # of opinion leader nominations
(0-4) made by egos

229

2.16

309

2.40

.0002*

Mean # of peer nominations (0-3)
made by egos

229

1.59

309

1.88

.0100*

122

55.20

185

64.01

Injunctive Norms towards
Immunizations a,b
Opinion Leaders
% of egos in a network with opinion
leaders that disapprove and/or are
ambivalent towards IZ

.1857

% egos in a network with opinion
leaders that are ambivalent and
supportive of IZ

46

20.81

30

10.38

% egos in a network with opinion
leaders that mostly or all support IZ

53

23.98

74

25.61

29

20.42

22

10.28

21

14.79

26

12.15

92

64.79

166

77.57

Peers
% egos in a network with peers that
disapprove and/or are ambivalent
towards IZ
% egos in a network with peers that
are ambivalent and supportive of IZ
% egos in a network with peers that
mostly or all support IZ
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.0051*

Low Immunization
Villages
Social Network Characteristic
Descriptive Norms towards Immunizations

High Immunization
Villages

n

Statistic

n

Statistic

% of egos who observed none of their
opinion leaders immunize their child

144

62.88

164

53.25

% egos who observed some of their
opinion leaders immunize their childc

50

21.83

90

29.22

p Value

Opinion Leaders

.0446*
% egos who observed all of their
opinion leaders immunize their child

35

15.28

54

17.53

144

62.88

140

45.45

% egos who observed some of their
peers immunize their child c

39

17.03

86

27.92

% egos who observed all of their peers
immunize their child

46

20.09

82

26.62

% egos that are close to a majority of
their opinion leader network

229

22.67

300

20.33

% egos that are close to a majority of
their peer network

229

27.95

308

26.62

% egos with frequent communication
about IZ with a majority of their
opinion leader network

229

10.06

308

13.97

.1643

% egos with frequent communication
about IZ with a majority of their peer
network

229

14.41

308

18.51

.2093

% of egos with all peers connected to
each other

229

41.41

309

51.77

.0182*

Peers
% of egos who observed none of their
peers immunize their child

.0004*

Closeness

.5188
.7333

Frequency of Communication about IZ
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Note. Two-sample Wilcoxon (Mann-Whitney) rank-sum tests were conducted to determine statistically significant
differences between the underlying distributions of mothers/caregivers in low versus high immunization villages.
These tests were used to account for the non-normal distribution of the data. The standard errors are slightly lower
than they should be given the clustering of data around the egos and opinion leaders.
a
As indicated in Chapter 3, mothers/caregivers with 0 peers or opinion leaders were excluded from this analysis.
This is why the N is lower in this analysis than in the others displayed in the table.
b
I collapsed categories 0-2, 3-4, and 5-6 of the injunctive norms scale described in Chapter 3.
c
This category includes egos who observed between 25% and 67% of their network immunize their own child.
* p < .10

However, this trend does not seem to apply to the opinion leader networks in this study.
The opinion leader network structures are not more robust in the high immunization villages than
low immunization villages. In comparison to mothers/caregivers in low immunization villages,
mothers/caregivers in high immunization villages have a higher number of connections to
opinion leaders and have observed some of them immunize their own children. However,
mothers/caregivers in high immunization villages do not have more interaction with opinion
leaders who are perceived to support immunizations. These results suggest that
mothers/caregivers’ might not be acquiring enough positive information about immunizations
from their opinion leaders networks and using this information to decide whether or not to
immunize their own children. The implications of these findings are elaborated further in
Chapter 6.
Summary
In this chapter, I described the mothers/caregivers’ and the characteristics of their social
networks. In the next chapter, I conduct the confirmatory analyses and test the hypotheses
presented in Chapter 2. The results from the next chapter provide evidence of a linkage between
specific features of social networks, norms, and processes of influence on immunization
behaviors.
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CHAPTER 5
MAIN RESULTS

In this chapter, I conduct all confirmatory analyses and test the hypotheses outlined in
Chapters 2 and 3. The results generated from these analyses provide insight into the degree to
which social network norms, their underlying processes, and influencers guide immunization
behaviors among mothers/caregivers in northern Nigeria. The findings have important
implications for designing strategies that can effectively engage naturally-occurring social
networks in order to increase routine immunization use among mothers/caregivers.
The Influence of Injunctive & Descriptive Norms on Immunization Use
In the first set of analyses, I tested whether injunctive and descriptive norms towards
immunizations in opinion leader and peer networks independently predict mothers/caregivers’
immunization use. Since I am ultimately interested in determining whether having most opinion
leaders and peers in a network who supports immunizations influences mothers/caregivers’
immunization use (see Chapter 2 for a review of hypotheses 1A and 1B), I dichotomized the
injunctive norms variables. Mothers/caregivers who perceived that less than a majority of their
network partners approved of immunizations (response categories 0-4 on the scale) earned a
score of a 0, representing a Minority of the mothers/caregivers’ network was perceived to
approve of immunizations. Mothers/caregivers who perceived that a majority of their network
partners approved of immunizations (response categories 5 and 6) earned a score of a 1,
representing a Majority of the mothers/caregivers’ network was perceived to approve of
immunizations.

98

I dichotomized the descriptive norms variables in the same way given my interest in the
influence of most opinion leaders and peers’ immunization practices on mothers/caregivers’
immunization use (see Chapter 2 for a review of hypotheses 2A and 2B). Mothers/caregivers
who observed 50% or less of their network partners immunize their child earned a score of 0,
representing a Minority of the mothers/caregivers’ network was observed to immunize their
child. Mothers/caregivers who observed more than 50% of their network partners immunize
their child earned a score of 1, representing a Majority of the mothers/caregivers’ network was
observed to immunize their child.
After testing hypotheses 1A and 1B, I conducted a sensitivity analysis to investigate
whether the study results were sensitive to the cut-points of these variables. I used the threecategory versions of the injunctive norms (0 = network partners disapprove and/or are
ambivalent towards immunizations, 1 = network partners are ambivalent and supportive of
immunizations, 2 = network partners are mostly or all supportive of immunizations) and
descriptive norms (0 = none of the network partners were observed to immunize their child; 1 =
some of the network partners were observed to immunize their child; 2 = all of the network
partners were observed to immunize their child) variables in the sensitivity analysis. The results
from all of the analyses are below.
Injunctive Norms Hypotheses
Hypothesis 1A: Mothers/caregivers who perceive that a majority of the opinion
leaders in their network support immunizations will have a higher likelihood of
immunizing their child.
Hypothesis 1B: Mothers/caregivers who perceive that a majority of the peers in
their network support immunizations will have a higher likelihood of immunizing
their child.
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The results from testing hypotheses 1A and 1B are presented in Table 9 below. Contrary
to hypothesis 1A, perceiving that a majority of opinion leaders in a network support
immunizations does not lead to a significant increase in mothers/caregivers’ routine
immunization use, Model 1: b = .73, CI [-.48, 1.9], p = .23. The sensitivity analysis confirms
these results, b = .28, CI [-.33, .90], p = .36 (results not shown in table). Hypothesis 1B is,
however, supported in this analysis – perceiving that a majority of peers support routine
immunizations in a network leads to a statistically significant increase in mothers/caregivers’
routine immunization use, Model 3: b= 1.69, CI [.36, 3.0], p = .01. The sensitivity analysis also
confirms this finding, b = 1.25, CI [.34, 2.1], p = .00 (results not shown in table).
Descriptive Norms Hypotheses
Hypothesis 2A: Mothers/caregivers who observe a majority of their opinion leaders
in their network immunize their child will have a higher likelihood of immunizing
their own child.
Hypothesis 2B: Mothers/caregivers who observe a majority of their peers in their
network immunize their child will have a higher likelihood of immunizing their own
child.
The results from testing hypotheses 2A and 2B are also presented in Table 9. Contrary to
hypothesis 2A, observing a majority of opinion leaders immunize their own children was not a
statistically significant predictor of mothers/caregivers’ immunization use, Model 2: b =.57, CI [.45, 1.6], p = .27. The sensitivity analysis confirms these results, b = .34, CI [-.23, 1.0], p = .21
(results not shown in table). However, the results from testing hypothesis 2B show that
observing a majority of peers in a network immunize their own children leads to a statistically
significant increase in mothers/caregivers’ routine immunization use, Model 4: b = .92, CI [.04,
1.7], p = .04. The sensitivity analysis also confirms this finding, b = .53, CI [.01, 1.0], p = .04
(results not shown in table).
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In all four of analyses, five confounders maintained statistically significant relationships
with routine immunization use: living far (>10 km) from a health facility that provides
immunization services; having a previous experience visiting a healthcare facility to receive
other care for their child; having previous exposure to media about routine immunizations in the
last month; having discussions with a greater number of health professionals about routine
immunizations; and having spousal support to immunize their child (see Table 9). I expected all
of these confounders to have a positive relationship with routine immunization use, except the
last category of the distance to a health facility variable (since living far away from a health
facility has been shown to have a negative association with basic health service use in rural areas
in developing countries; Kadobera et al., 2012; Larson et al., 2012; Mwaniki et al., 2002) and the
first and second categories (measuring disapproval and ambivalence towards immunizations
respectively) of the husband perceived support for immunizations variable (since having full
spousal support for immunizations is necessary to gaining access to this health service; Ojanuga
& Johnson, 1992). All of the statistically significant confounders were in their hypothesized
direction.
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Confirmation of Influential Factors
The next set of analyses aimed to confirm that social control underlies the influence of
injunctive norms and social learning underlies the influence of descriptive norms. The results
from these analyses will allow me to make more confident statements about the degree to which
social control and social learning guide the influence of social network norms on immunization
behaviors and, thus, to generate a more meaningful interpretation of the main study findings.
Social control & injunctive norms. According to Montgomery and Casterline (1996), if
social control underlies injunctive norms around immunization use, a mother’s routine
immunization use would be influenced weakly by the distribution of network support for
immunizations (the measure of injunctive norms) in sparse networks, but strongly in dense
networks that are exerting normative pressure. To test whether this is the case, I conducted a
four steps procedure. First, I examined the independent relationship between the variables
measuring injunctive norms towards immunizations (i.e., having a majority of peers perceived to
support immunizations) and perceived density on routine immunization use in the
mothers/caregivers’ peer networks (Models 1 and 2). I then included both of these variables in
the same model (Model 3) and added an interaction term to it (Model 4; see Table 10).
Results from the first step of the analysis show that having a majority of peers perceived
to support immunizations in a network was a positive, statistically significant predictor of routine
immunization use when it was the only, main predictor in the model, b = 1.69, CI [.36, .02], p =
.01, for Model 1 and when the density variable was included, b = 1.7 [.37, 3.0], p = .01, for
Model 3.
The variable measuring perceived density also had the same effect in both tests included
in the first three steps of the analysis (Models 2 and 3). Having a dense network had a
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statistically insignificant influence on immunization use when it was the only, main predictor in
the model, b = .09, CI [-.87, 1.0], p = .85, for Model 2 and, when the injunctive norms measure
was also included, b = .22, CI [-.93, 1.39], p = .70, for Model 3.
In the final step of the analysis, however, the relationship between injunctive norms,
perceived density, and immunization use changed. As illustrated in Model 4 (see Table 10), the
coefficients for the injunctive norms measure became statistically insignificant, b = 1.3, CI [.366, 4.9], p = .11, the density variable became statistically significant, b = 1.2, CI [.08, 3.6], p =
.02, and the interaction term between these two variables emerged as a strong, positive factor
influencing immunization use, b = -1.4(.35-1.9), p = .02). According to Montgomery and
Casterline (1996), these empirical results suggest that social control is underlying the influence
of injunctive norms on mothers/caregivers’ immunizations use. This means that the
mothers/caregivers’ social network structures are operating as a constraint in favor of
immunizations when strong normative support for immunizations exists within a network.
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Social learning & descriptive norms. According to Montgomery and Casterline (1996),
if social learning underlies descriptive norms around immunization use, the percentage of
observed immunization users (the measure of descriptive norms) in the mothers/caregivers’
network would exert a positive influence on the mothers’ use of DPT. Density would have a
minor, possibly negative effect because dense networks are expected to provide redundant
information. To determine whether or not this is the case, I applied the same four steps
procedure used in the social control analysis. First, I examined the relationship between the
variables measuring the descriptive norms (i.e., observing a majority of peers immunize their
child) and the perceived density of the peer networks on routine immunization use (Models 1 and
2). I then included both of these variables in the model (Model 3) and added an interaction term
of these variables to it (Model 4; see Table 11). Results from the first steps of the analysis show
that observing a majority of peers immunize their children was a positive, statistically significant
predictor of routine immunization use, b = .92, CI [.04, 1.7], p = .04, Model 1. Having a
majority of peers immunize their children remained a positive, statistically significant predictor
of routine immunization use when the density variable was also added to the model, b = 1.3, CI
[.23, 2.3], p = .01, Model 3.
However, the variable measuring density changed in the later steps of the analysis
(Models 2 and 3). Having a dense network changed from having a positive coefficient, b = .09,
CI [-.87, 1.0], p = .85, Model 2, to a negative one, b = -.70, CI [-1.8, .40], p = .21, Model 3, once
the descriptive norms variable was added to the model. At first glance, this change, as well as
the trend that density remained statistically insignificant in Models 1 through 4, seems surprising
given that the analysis in Chapter 4 shows that mothers/caregivers in high immunization villages
have denser networks than mothers/caregivers in low immunization villages (64% of
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mothers/caregivers in low immunization villages versus 77% of mothers/caregivers in high
immunization villages, p = .0182. However, according to Kohler and colleagues (2001), this
transformation is possible when the process of social learning is being maximized.
When social learning is being maximized, information provided by a dense network is
viewed as redundant. This theoretical point is empirically expressed by a positive or negative,
statistically insignificant coefficient for density. What instead matters is the content of the
information provided by the individuals in the network. According to Kohler and colleagues
(2001), this information can be diffused by learning about others women’s experiences with
immunizations.
The final analysis (Model 4) confirms that social learning underlies the influence of
descriptive norms in this study. The coefficient for the variable measuring that a majority of
peers were observed to immunize their own children remained positive and statistically
significant, b = 1.9, CI [.29, 3.5], p = .02, the density variable stayed statistically insignificant, b
= -.08, CI [-1.6, 1.5, p = .92, and the interaction term between these two variables emerged as a
mute factor influencing immunization use, b = -1.2, CI [-.66, 3.2], p = .29. Based on these
results, I conclude that learning about network members’ experiences with immunizations, rather
than normative pressures, is the primary factor explaining the relevance of normative actions to
the adoption of this health behavior within mothers/caregivers’ networks.
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Comparing the influence of injunctive & descriptive norms. In the analyses above, I
established that injunctive and descriptive norms towards immunizations in peer networks
independently predict immunization use, while injunctive and descriptive norms in opinion
leader networks do not. I also confirmed that social control and social learning underlie the
influence of injunctive and descriptive norms on this behavior. In this section, I assess the
degree to which injunctive and descriptive norms influence mothers/caregivers behaviors in their
networks. These analyses will allow me to make claims about which social network norms and
underlying processes operate as a stronger force on mothers/caregivers’ immunization decisions
in northern Nigeria.
Strength of Norms in Opinion Leader Networks
Hypothesis 3A: Injunctive norms around immunizations in opinion leader networks
will exert a stronger influence on mothers/caregivers’ immunization use than
descriptive norms.
In order to test hypothesis 3A, I planned to transform the variables measuring injunctive
and descriptive norms into standardized regression coefficients (so that their units were
comparable), to include them in the same model, and compare their effect sizes. However,
because neither injunctive norms or descriptive norms towards immunizations in the
mothers/caregivers’ opinion leader networks had a significant, independent influence on their
immunization use (see Table 9), Model 1: injunctive norms, b = .74, CI [-.48, 1.9], p = .23;
Model 2: descriptive norms, b = .57, CI [-.45, 1.6], p = .27, it was not necessary to conduct this
test in order to conclude that the results refute my hypotheses. Indeed, not only do injunctive
norms around immunizations in opinion leader networks appear to exert a weak influence on
mothers/caregivers’ immunization use, but neither injunctive norms nor descriptive norms
appear to play a strong role at all in mothers/caregivers’ immunization decisions.
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Strength of Norms in Peer Networks
Hypothesis 3B: Descriptive norms around immunizations in peer networks will
exert a stronger influence on mothers/caregivers’ immunization use than injunctive
norms.
To test hypotheses 3B, I conducted the test described in the section above to compare the
influence of injunctive and descriptive norms on mothers/caregivers’ immunization use. Again,
this test involved transforming the variables measuring injunctive and descriptive norms in the
mothers/caregivers’ peer networks into standardized regression coefficients, including them in
the same model, and comparing their effect sizes. Contrary to my hypothesis, the results from
the analysis do not support my hypothesis that descriptive norms around immunization use, b =
.45, CI [.02, .89], p = .04, N = 355, exert a stronger influence on mothers/caregivers’
immunization use than injunctive norms, b =.75, CI [.16, 1.3,], p = .01, N = 355, in their peer
networks. Instead, the results suggest that, among peers, injunctive norms are more influential,
which means that social control, or normative pressure, is operating as a stronger force on
mothers/caregivers’ immunization decisions than their experiences of reflective observation of
their peers’ immunization behaviors.32
Testing Moderators of Normative Influences
In this section, I assess whether two network specific characteristics – closeness between
mothers/caregivers and a majority of their network partners and frequency of communication
between mothers/caregivers and a majority of their network partners – strengthens the influence
of injunctive and descriptive norms on mothers/caregivers’ immunization behaviors. For the
purposes of this analysis, I conceive of closeness and frequency of communications about
32

I originally developed individual-level hypotheses to test and compare the influence of injunctive and descriptive norms on
immunization use so that I could put in competition different theories on the influence of these norms on health behavior. I
attempted to put all of the variables measuring normative influence in the same model to see if their influence changed as a result
of the range of network influencers (opinion leader versus peer) and social norms (injunctive versus descriptive norms) included.
However, this model would not converge because of collinearity and a relatively small sample size.
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immunizations as structural properties of mothers/caregivers’ networks (Hill & Dunbar, 2003).33
This approach allows me to provide insights into the influence of being embedded in close or
rich communication networks on mothers/caregivers’ decisions to follow normative beliefs and
practices towards immunizations.
Closeness as a moderator of the influence of social network norms. First, I tested
whether closeness between mothers/caregivers and a majority of their network partners
strengthens the influence of social network norms. I conducted this analysis four times – twice
to assess whether closeness strengthens the influence of injunctive norms in mothers/caregivers’
opinion leader and peer networks (hypothesis 4A) and twice to test whether closeness
strengthens the influence of descriptive norms in these same two networks (hypothesis 4B).
Hypothesis 4A: Closeness strengthens the effect of injunctive norms about
immunizations on mothers/caregivers’ routine immunization use.
Hypothesis 4B: Closeness strengthens the effect of descriptive norms about
immunizations on mothers/caregivers’ routine immunization use.
Closeness as a moderator of injunctive norms. The results from the analyses assessing
whether closeness between mothers/caregivers’ and a majority of their network partners
strengthens the influence of injunctive norms were mixed (see Table 12). In the opinion leader
analysis, the results show that being close to most of the opinion leaders in their network and
perceiving that most of the opinion leaders in their network supports immunizations positively
predicts mothers/caregivers’ immunization use (see Table 12), Model 1: injunctive norms in
opinion leader networks* closeness, b = 2.3, CI [.00, -.31], p = .05. These results, which are
consistent with my hypothesis, are interesting given that injunctive norms in opinion leader
33

There are other valid ways to conceive of closeness and frequency of communication within networks. For example, the social
psychological approach considers closeness and frequency of communication to be bivalent properties of ties between egos and
alters (Savitsky, Keysar, Epley, Carter, & Swanson, 2011). I conducted a moderation analysis that follows this approach. The
results, which are consistent with the results presented in the main text of this dissertation, is in Appendix J.
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networks do not have a significant influence on mothers/caregivers’ immunization use when it is
independently included in the model (see Table 9), Model 1: b = .73, CI [-.48, 1.9], p = .23, nor
when the closeness variable is added to it, b = .66, CI [-.58, 1.9], p = .29. This same trend
appeared for the closeness variable – the closeness variable does not have an influence on
immunization use when it is independently included in the model, b = .54, CI [-.51, 1.6], p = .31,
nor when the injunctive norms variable is added to it, b = .43, CI [-.67, 1.5], p = .43. This means
that the influence of injunctive norms in opinion leader networks on mothers/caregivers’
immunization use partly depends on whether or not they have a close relationship with a
majority of their opinion leaders. These results are consistent with my hypothesis that closeness
strengthens the influence of injunctive norms on mothers/caregivers’ immunization use.
The results from the peer analysis are, however, not consistent with my hypothesis. The
results from this analysis showed that the association between injunctive norms towards
immunizations in peer networks and mothers/caregivers’ immunization use is not dependent on
whether mothers/caregivers have a close relationship with a majority of their peers (see Table
12), Model 2: injunctive norms in peer networks* closeness, b = -1.8, CI [-4.6, 1.0], p = .21. The
implications of the disparate influence of closeness on injunctive norms in mothers/caregivers
opinion leader and peer networks are discussed in Chapter 6.
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Closeness as a moderator of descriptive norms. The results from the analyses assessing
whether closeness between mothers/caregivers’ and a majority of their network partners
strengthens the influence of descriptive norms both provide support against my hypotheses (see
Table 12). Even though closeness strengthens the influence of injunctive norms in opinion leader
networks on mothers/caregivers’ immunization use, Model 1: injunctive norms in opinion leader
networks*closeness, b = 2.3, CI [.00, .31], p = .05, this factor does not appear to have the same,
moderating effect on descriptive norms, Model 3: descriptive norms in opinion leader networks*
closeness, b = -.15, CI [2.3, 2.0], p = .89.
This same trend emerged in the peer analysis. The association between descriptive norms
towards immunizations in mothers/caregivers’ peer networks and mothers/caregivers’
immunization use does not depend on whether the mothers/caregivers have a close relationship
with a majority of their peers, Model 4: descriptive norms in peer networks* closeness, b = -.06,
CI [-1.7, 1.9], p = .94. The implications of these results are discussed in Chapter 6.
Frequency of communication as a moderator of the influence of social network
norms. In the final section, I test whether frequency of communication between
mothers/caregivers and a majority of their network partners strengthen the influence of social
network norms. I conducted this analysis four times – twice to assess whether frequency of
communication about immunizations strengthens the influence of injunctive norms in
mothers/caregivers’ opinion leader networks and peer networks (hypothesis 5A) and twice to test
whether frequency of communication about immunizations strengthens the influence of
descriptive norms in these same two networks (hypothesis 4B).
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Hypothesis 5A: Frequency of communication about immunizations strengthens the
effect of injunctive norms about immunizations on mothers/caregivers’ routine
immunization use.
Hypothesis 5B: Frequency of communication about immunizations strengthens the
effect of descriptive norms about immunizations on mothers/caregivers’ routine
immunization use.
Frequency of communication as a moderator of injunctive norms. The results from
the analyses, which assess whether frequent communication between mothers/caregivers and a
majority of their network partners strengthens the influence of injunctive norms, provide support
against my hypotheses (see Table 13). In the opinion leader analysis, the results show that being
in frequent communication with most of the opinion leaders in their network and perceiving that
most of the opinion leaders in their network supports immunizations does not predict
mothers/caregivers’ immunization use, Model 1: injunctive norms in opinion leader
networks*frequency of communication about immunizations, b = 2.5, CI [-.17, 5.4], p = .11.
The same results appeared in the peer analysis. Indeed, the association between injunctive norms
towards immunizations in mothers/caregivers’ peer networks and mothers/caregivers’
immunization use does not appear to depend on whether the mothers/caregivers communicate
frequently about immunizations with a majority of their peers, Model 2: injunctive norms in
opinion leader networks*frequency of communication about immunizations, b = 1.2, CI [-2.2,
4.8], p = .47.
Frequency of communication as a moderator of descriptive norms. The results from
the analyses are consistent with the hypotheses that frequency of communication between
mothers/caregivers’ and a majority of their network partners strengthens the influence of
descriptive norms (see Table 13). The interaction between descriptive norms in opinion leader
networks and frequency of communication about immunizations is positive, Model 3; b = 2.7, CI
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[.58, 3.0], p = .04. This indicates that the influence of descriptive norms is enhanced as the
frequency of network communication increases. The data also explains the absence of the effect
in the unmoderated model. Taking into account the absence of a descriptive norm influence in
the unmoderated model (see Table 9), I further conclude that both communication and observed
immunization practices are necessary conditions for opinion leader influences to operate.
The results from the peer analysis also provide support for my hypothesis. This analysis
showed that the association between descriptive norms towards immunizations in peer networks
and mothers/caregivers’ immunization use depends on whether the mothers/caregivers have
frequent conversation about immunizations with their peers, Model 4: descriptive norms in peer
networks*frequency of communication about immunizations, b = 1.6, CI [-.03, 4.0], p = .06.
The results also show that descriptive norms towards immunizations in the mothers/caregivers’
peer networks have diminished, but are still significant when communication frequency is low,
Model 4: descriptive norms, b = .63, CI [.35, 1.6], p = .02). The implications of these results are
discussed in Chapter 6.
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CHAPTER 6
DISCUSSION

Why do some mothers/caregivers immunize their children while others don’t? What role
do social norms within networks play in the inequitable uptake of childhood immunizations in
northern Nigeria? A large body of research has been devoted to investigating the determinants
of immunization use in developing countries. Up to this point, however, most of this research
has focused on individual-level explanations to account for variance in this outcome. Scant
attention has been paid to the ways that social factors influence immunization decisions. Indeed,
to my knowledge, only three studies have explained immunization use from a socio-behavioral
perspective. Only one of these studies used formal social network analysis to explain how social
network influences immunization use (Brunson, 2013). This study was conducted among a
sample of parents in the United States and did not explore the impact of different types of
networks and normative influences on immunizations.
To fill these gaps in the literature, I used social networks theory in combination with
related theories on social capital, opinion leadership, social norms, and social influence to
develop a refined social networks model using primary y data. Drawing on this data, I assessed
four inter-related aims: a) whether social norms, namely injunctive and descriptive norms
towards immunizations are linked to mothers/caregivers’ immunization decisions; b) whether the
theorized constructs of social control and social learning underlie injunctive norms and
descriptive norms around immunizations; c) the degree to which injunctive and descriptive
norms influence mothers/caregivers immunization behaviors; d) whether the structural properties
of closeness and frequency of communication about immunizations moderate the influence of
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injunctive and descriptive norms on mothers/caregivers’ immunization use. What was unique
about this study is that I tested these aims across two network structures that have been both
theorized and shown to have a marked influence on health decisions in northern Nigeria: opinion
leader networks and peer networks. A discussion of the main lessons learned from this
dissertation is below.
The Influence of Social Networks Norms on Immunization Use
The results from the analyses show that injunctive norms in peer networks independently
influence mothers/caregivers’ immunization use. However, injunctive norms in opinion leader
networks do not have an independent influence on mothers/caregivers’ immunization decisions.
Results from the village level analyses provide additional evidence to support these findings, as
the percentage of peers that disapprove of, and are in favor of, immunizations substantively
varies in the theorized direction across villages with low versus high immunization rates (i.e.
higher levels of disapproval and lower levels of support in low immunization villages versus
lower levels of disapproval and higher levels of support in high immunization villages), while
the percentage of opinion leaders does not.
The results from the descriptive norms analyses reveal a similar trend. Descriptive norms
in peer networks independently influence mothers/caregivers immunization use, but do not have
the same influence in opinion leader networks. These same results appear in the village-level
analyses, where the percentage of peers observed to immunize their children substantively varies
in the theorized direction across low versus high immunization villages (i.e., lower levels of
observed immunization use in low immunization villages and higher levels of observed
immunization use in high immunization villages), but the percentage of opinion leaders does not.
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A potential explanation for these results is that peer and opinion leader networks are
operating as conflicting forces on mothers/caregivers’ immunization behaviors. This implies that
there is still strong resistance towards immunizations among opinion leaders in northern Nigeria.
Even though there has been renewed support and positive engagement around immunizations
among opinion leaders in this region for over a decade (see Chapter 2), the marginal differences
in opinion leader support and immunization engagement indicated by mothers/caregivers in this
study suggest otherwise. Indeed, latent opinion leader resistance may be operating as an
impediment, rather than a catalyst, for mothers/caregivers’ demand for immunizations. This is an
explanation that is worth further research and investigation.
A second explanation for this discrepancy is that opinion leaders are not the important,
direct influencers on mothers/caregivers’ immunization behaviors as previously thought. Even
though religious, political, and medical leaders in northern Nigeria have an important influence
on health decision-making in this context, perhaps the combination of a strong social hierarchy –
that limits interaction between authority figures and the general populous – and gender norms –
that limits non-familial, male-female interaction – in northern Nigeria restrict opinion leaders’
ability to have a notable, direct impact on mothers/caregivers’ immunization behaviors. Indeed,
the relatively small percentage of mothers/caregivers who observed any of their opinion leaders,
who are almost exclusively male, immunize their own children, provides preliminary evidence to
support this explanation. Investigating the degree to which opinion leaders are able to directly
influence mothers/caregivers immunization decisions, outside of their husbands, is therefore
important if the immunization research and programming community want to maximize the
impact of immunization-related activities in northern Nigeria.
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The results also confirm that social control underlies injunctive norms and that social
learning underlies descriptive norms. The notion that social control and social learning are root
constructs guiding normative influences on behavior has been widely theorized. However, this
study empirically tested, arguably for the first time, whether this was the case among a
population of women living in a developing country in the midst of making critical health
decisions for their children.
Contrary to my original beliefs, however, injunctive norms were found to be more
influential than descriptive norms in mothers/caregivers’ peer networks. This indicates that social
control is also operating as a stronger force on mothers/caregivers’ immunization decisions than
reflective observations of their peers’ immunization behaviors. These results reflect the salience
of the hierarchy of power that exists between women within northern Nigerian compounds.
Indeed, as explicated in Chapter 2, women in this study live under a hierarchy of power in which
their husbands and male relatives make major household decisions and selected female kin (e.g.,
based on age, co-wife status) influence the execution of approved decisions (Ojanuga & Johnson,
1992; Umar, personal communication, April 5, 2013). Such a hierarchy gives peers – who, in
this study, are mostly co-wives, mothers-in-law and sisters-in-law – the power to exert influence
on mothers/caregivers. Very often, this influence seems to take the form of pressure to engage in
activities that the peers themselves consider appropriate (Montgomery & Casterline, 1996). The
idea that peers have a significant hand in influencing mothers/caregivers’ immunization
decisions independently of their husbands – who themselves possess enormous power over
immunization practices within the family (Ojanuga & Johnson, 1992) – is plausible, not only
because spousal support for immunizations was controlled for in the analyses, but also due to
the strength of the statistical results.
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Finally, the results from the moderation tests points to key contextual factors that might
augment the ability of the predominately male opinion leaders to directly influence
mothers/caregivers’ immunization use. The results show that mothers/caregivers’ immunization
use partly depends on whether mothers/caregivers are close to a majority of their opinion leaders
or have frequent communication with them about immunizations. This means that direct
connections – both in terms of relationship quality and contact – between opinion leaders and
mothers/caregivers may be critical for mothers/caregivers to demand immunizations. The
finding that frequency of communication about immunizations also strengthened the influence of
norms on immunization use within mothers/caregivers’ peer networks provides additional
evidence to support the claim that contextual factors may be necessary conditions for normative
influences to operate.
Overall, this research has important for both research and practice. In research, this study
provides additional evidence to support the claim that health outcomes depend not just on
individuals’ own beliefs and actions, but also on the normative beliefs and actions of the people
around them. This study clarifies the social network partners that exert influence over
mothers/caregivers’ immunization use and the specific conditions under which they are most
likely to have a normative influence on immunization decisions. In practice, this study
demonstrates the potential of social networks to influence immunization use. As a result, it
provides support for further investigation into interventions that leverage the power of social
networks to improve immunization behaviors and ways that networks may be better leveraged to
make a difference on this critical health outcome. Recommendations for how these findings can
be specifically used to inform future research and practice are described below.
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Other Determinants of Immunization Use
I originally included six variables in my analysis that were demonstrated in the literature
to influence immunization choices. Of these six variables, five were found to consistently
predict mothers/caregivers’ immunization decisions: their distance to a health facility, recent
exposure to mass media about immunizations, the number of health professionals that
mothers/caregivers communicated with about immunizations, having previous experiences in
seeking care for their child at a health facility, and (as elaborated on above) having spousal
support for immunizations. The results confirm the significance of more traditional sources of
health information (e.g., mass media and members of the formal health system) on immunization
use.
The results from the regression analyses show that living farther away (>10 km) from a
health facility that provides immunization services has a negative influence on immunization
use. These results are consistent with the literature that shows that distance influences
individuals’ use of basic health services, especially in rural, developing country settings
(Kadobera et al., 2012; Larson et al., 2012; Mwaniki et al., 2002). This finding is particularly
interesting, given that the results from the village-level analysis show that a higher proportion of
mothers/caregivers in high immunization villages live farther away (>10) from health facilities
that provide immunization services than mothers/caregivers in low immunization villages. This
statistical finding points the dangers of drawing inferences about individual behavior from
aggregate data (Kramer, 1983).
The results also show that having recent exposure to mass media positively influences
immunization uptake. At first glance, this finding seems peculiar. Given that the study is
geographically and socio-economically circumscribed, mothers/caregivers should have similar
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levels of exposure to mass media messages (Rani & Lule, 2004; Singh, Rai, Alagarajan, &
Singh, 2012). However, variations in mass media exposure are possible among individuals who
are detached or excluded from social networks (Rani & Lule, 2004). An analysis confirms that
mothers/caregivers who are excluded from peer networks (zero peers versus any peers in their
network) or opinion leader networks (zero opinion leaders versus any opinion leaders in their
network) have less mass media exposure than do mothers/caregivers who are part of these
networks (chi-square test results, opinion leader network analysis, p = .040; peer network
analysis, p = .00). I, therefore, conclude that recent mass media exposure does indeed influence
immunization decisions.
The idea that exposure to mass media positively influences health behavior has been put
forward by many health researchers over the last three decades (see Grilli, Ramsay, & Minozzi,
2002 for a systematic review of the literature; Brunson, 2013; Freed, Katz, & Clark, 1996;
Gangarosa et al., 1998; Kennedy, Lavail, Nowak, Basket, & Landry, 2011; Lewis & Speers,
2003). Accordingly, it may be possible to use mass media, in conjunction with more direct
sources of influence (e.g., opinion leaders and peers) to alter beliefs and practices around
immunization use.
This study also provides preliminary evidence for the importance of the formal health
system in immunization decision-making. Previous research showed that health providers
positively influence immunization use by easing concerns about immunization safety, providing
information about the individual and community benefits of immunizations, and ultimately
giving parents the information that they need to make an informed decision about their child’s
health (Gellin, Maibach, & Marcuse, 2000; Jackson, Cheater, & Reid, 2008; Kennedy et al.,
2011; Smith, Kennedy, Wooten, Gust, & Pickering, 2006). My study suggests that because
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health providers are a source of immunization information, more contact with these individuals
may positively impact34 mothers/caregivers’ immunization use. However, given the crosssectional structure of the data, I cannot empirically establish that the influence of their health
providers helped lead the mothers/caregivers in this study to seek out immunizations.
Nonetheless, the strength of the association between the number of health providers that the
mothers/caregivers’ communicated with about immunizations and their immunization use makes
this an area worth further investigation.
Previous exposure to the healthcare system also influenced immunization decisions. The
results suggest that getting mothers/caregivers to health facilities to obtain any type care for their
child may increase the likelihood that they will make use of this health service.35 Given the
nature of the data, I cannot readily establish that the mothers/caregivers who immunized their
children were not already predisposed to seeking out other care for their children. However,
because of the strength of the association between mothers/caregivers’ previous exposure to
other types of child health services and their immunization use, future research could
productively investigate the relevance of this relationship to increasing immunization service
usage.
Social Networks Characteristics in Villages with Varying Rates of Immunization Coverage
The results from this study provide preliminary support for the theory that the structural
characteristics of social networks – such as who interacts with whom and how frequently people
interact – effect the flow of the information, resources, and support that are made available by

34

Research shows that having a negative experience during a health facility visit can have a deleterious effect on immunization
use (Stockwell, Irigoyen, Martinez, & Findley, 2011). For this reason, larger health system factors must be taken into account in
order to help ensure that mothers/caregivers return to their health facility for routine immunizations. These health systems factors
are discussed in the Implications section below.
35

The effectiveness of this strategy is contingent on mothers/caregivers’ having a positive experience during their health facility
visits, as elaborated in the footnote above (Stockwell et al., 2011).
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social capital (Burt, 2000). Mothers/caregivers in villages with high rates of immunization
coverage generally have more robust peer network characteristics than mothers/caregivers in
villages with low rates of immunization coverage. For example, mothers/caregivers living in
high immunization villages have more general connections with peers, more connections with
peers that are both supportive of immunizations and have immunized their own children, and
denser peer networks than do mothers/caregivers living in low immunization villages.
With a higher number of connections, and shared connections between mothers/
caregivers and peers who are mostly supportive of immunizations, mothers/caregivers in high
immunization villages may have more of a capacity to generate the social capital needed to
effectively diffuse positive36 information about immunizations within a network. Though an
empirical determination of whether social capital varies across high and low immunization
villages and predicts immunization use is beyond the scope of this study, the results from the
village comparisons indicate that this might be the case. For this reason, it might be worthwhile
to conduct a deeper investigation into the connection between social capital and immunization
use in northern Nigeria.
Limitations
The findings from this research should be interpreted in light of six limitations. First, this
study used observational and cross-sectional data to test the relationship between social networks
and routine immunization use. As mentioned above, by using this approach, I am limited in my
ability to make strong causal claims about the relationship between social networks and
immunization use. Even though I employed accepted techniques to mitigate this problem (e.g.,
36

It is important to recognize that negative information can also more readily flow in areas with more robust social relationships
and interactions. Researchers and programmers need to be cognizant of this threat so that they can devise ways to prevent the
rapid spread of negative information (e.g., attitudes about immunizations) if introduced into the environment.
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including a comparison group with clearly defined health outcomes; providing strong theoretical
claims about the direction of influence; and including a large set of control variables in the
analysis to account for possible selection effects), other approaches could be used to address this
threat more fully. For example, the instrumental variable (IV) approach could be used to exploit
a natural experimental component in the data (e.g., a shock, like migration or death) that alters
mothers/caregivers’ social networks in a meaningful way.37 Moreover, methods such as
sensitivity analyses (e.g., Rosenbaum Bounds)38 could be used to show the vulnerability of the
results to selection bias, which by nature raise confusion about causal direction.
The second limitation of this study relates to data accuracy. Most of the data in this study
are based on mothers/caregivers’ reporting of their child’s immunization history (in the case that
they do not have a health card, which is the majority) and their social network partners’
characteristics and perceptions. It is important to note that the study incorporated steps to reduce
the threat of misreporting (e.g., only children between 9 and 18 months of age were included in
the study) and to address the issue of data accuracy (e.g., accepted tests of projection bias were
conducted, comparisons between mothers/caregiver reports and peer reports were made, and the
latent variable approach was used to create a new, more valid measure of opinion leader attitudes
towards immunizations).
37

I explored the possibility of using the death of an adult in a compound as an IV in this study. Even though I was able to gather
secondary data on this variable from the HDSS, the IV proved to be invaluable for two reasons: 1) adult death was such a rare
event (which was somewhat expected given that the highest mortality rate is among children under age 5) that I did not have
enough power to use it in a meaningful analysis; and 2) I became concerned about the validity of my assumption that the death of
an adult in a compound was a good instrument in the first place. Even though this variable seemed to meet part of the exclusion
rule for IVs (the association between social network structure and immunization use is reasonably mediated by the IV, since the
death of an adult alters the composition of individuals in a compound), it became unclear whether this measure met the IV criteria
completely – that the death of an adult was correlated with the strengthening or weakening of network influence regarding
immunization behaviors specifically. Even though I did not end up using an IV in this study, there is room to explore other
shocks (e.g., corruption, migration) that might serve as a good instrument.
38

Rosenbaum bounds include two parts. The first part of this sensitivity analysis makes the assumption that there is not an
unobserved confounder accounting for the outcome. The second part of the analysis assesses how reasonable this assumption is
by calculating Rosenbaum bounds for both the p value and the estimated social network effects. The resulting data would tell me
if the introduction of an unobserved covariate changed the inferences made in the study (Keele, 2010).
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Nevertheless, other approaches could be used to address this issue more fully. For
example, predicted probability modeling could be used to go beyond making assessments of
relative risk of immunization use (traditionally measured by regression coefficients and odds
ratios; Pepe, Janes, Longton, Leisenring, & Newcomb, 2004) to making statements about the
absolute risk of this behavior (Steyerberg et al., 2010). Overall, this new way of expressing data
would allow for more absolute and precise statements about the relationship between
mothers/caregivers’ social network influences and immunization use.
The third limitation of this study relates to the little variation in opinion leaders’
perceived attitudes towards immunizations. A majority of the mothers/caregivers reported, and
arguably overstated, their opinion leaders’ support for immunizations. Although I addressed this
issue by using a latent variable model to estimate a more valid measure of opinion leaders’
attitudes towards immunizations, this strategy was not perfect. The latent variable approach
generates more valid measures by aggregating reports from multiple informants about the same
individual (Cook & Goldstein, 1993; Moskowitz & Schwarz, 1982; Schwarz, Barton-Henry, &
Pruzinsky, 1985). Unfortunately, I could not generate more reliable estimates for 30 of the
opinion leaders (20% of the opinion leaders) in the sample because they were rated by only one
mother/caregiver. For this reason, I recommend that other strategies be used during the data
collection phase (e.g., having interviewers document whether anyone else was present during
their interviews; Smith, 1995) – in order to reduce the incidence of over-reporting.
The fourth limitation of this study is that children who were deceased were excluded.
Given that infant mortality is highly correlated with missed immunizations (WHO, 2005), it is
possible that this study did not capture the social network influences of mothers/caregivers with
low or erratic immunization behaviors. I am not concerned about this bias affecting the results
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of this study, however, because it was designed in a way to ensure that women with no to low
immunization uptake rates were well represented (via a one-to-one matching procedure).
Nevertheless, this limitation points to the value of including mothers/caregivers with deceased
children in future research, if deemed ethically possible.
The fifth limitation of this study is that only peers that the mothers/caregivers’ ever
communicated with about immunizations were included. This assumes that the
mothers/caregivers were only influenced by peers that they ever had direct communication with
about immunizations, which is not necessarily the case. Even though it is common practice in
ego-centric network studies to ask egos’ to report on people that they engage with on a particular
topic of interest (in this case, immunizations) to make the research more manageable (University
of Pennsylvania, 2006; Wasserman & Faust, 1994; Wellman, 1982), this approach makes the
study of social networks instead a study of specific relations within a sample of networks.
The final limitation of this study relates to its generalizability. The population of women
included in this study is largely homogenous. The homogeneity of the study population provided
important benefits to this research, namely limiting possible confounding factors that might have
been introduced if I were comparing social networks in villages that greatly differed by culture
and social structure. This also means, however, that what I learned from this study might not be
generalizable to women from other cultures and social strata. Although I cannot address this
issue with the data at hand, this limitation points to the importance of conducting similar studies
among women in diverse settings. Indeed, future studies should be conducted among other
populations of women, especially those living in developing countries, where the knowledge gap
on the impact of social networks on immunization use is widest.
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Implications for Future Research & Practice
This study provides valuable insights for researchers and programmers who are
committed to increasing childhood immunization rates and reducing child morbidity and
mortality. Research and interventions that attempt to understand and address barriers to
immunization use should be mindful of who influences immunization decisions and how this
influence operates within networks.
Recommendations for Research
As noted, much more research that examines how social networks influence
immunization use is needed. Below are four categories of research that could broaden this
evidence base in a systematic and conceptually meaningful way.
Uncovering the influence of structural factors on immunization adoption. More
research is needed on the factors that promote the adoption of immunizations. This dissertation
provides important insights into this question by accounting for a wide range of individual
factors known to influence immunization use and identifying specific aspects of social networks
that impact this outcome. However, much more knowledge on the structural factors that promote
or hinder immunization use is needed. For example, health system factors – such as the
frequency of health provider contact and previous exposure to health facilities – appear to
positively influence immunization use. Higher levels of social capital also appear to exist in
villages with high immunization coverage rates.
Future research should more formally study the role of these structural influences on
immunization use. This could include establishing whether these variables independently predict
immunization uptake (e.g., does increased health provider access increase immunization use?)
and under what conditions their effects may vary (e.g., under what circumstances does social
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capital access have a positive versus negative influence on immunization decisions?). Overall,
this information could be useful for identifying barriers to immunization use as well as for
generating new ideas about how to overcome them in the future.
Identifying other important moderators of social network norms. Another line of
research could focus on other factors that moderate the relationship between social network
norms and immunization use. In this study, I empirically tested whether two network-specific
factors – closeness and the frequency of communication about immunizations – moderated the
influence of social network norms on immunization use. However, there are other factors that
could influence whether social network norms have a greater or lesser, or positive or negative
impact on this outcome. For example, one group of moderators could capture important
individual and contextual characteristics that have been shown to moderate the influence of
norms on health behavior in the past. Examples of these are demographic factors (e.g., age,
wealth, and social status; Berger et al., 1980; Lockwood et al., 2002; Pool et al., 1998; Wood et
al., 1996) and traditional norms (e.g., whether immunization decisions are enacted by just a
single individual, or requires joint consultation with others, which is the case with husbands and
female kin in this study; Neighbors et al., 2013). Given the homogeneity of the sample, these
factors could not be empirically investigated in my study. Conducting research that delineates the
role of these moderators on the relationship between social network norms and immunization use
could help to generate a better understanding of the conditions under which opinion leaders and
peers are most likely to have a normative impact on immunization decisions.
Examining the flow of negative information in social networks. It is important to
recognize that negative information can flow just as readily in a network as positive information.
Even though the purpose of this dissertation was to explore how the prevalence of positive
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normative beliefs and practices within a network influences immunization decisions, the inverse
could be analyzed with the data at hand. This research could focus on the factors that accelerate
or slow the flow of negative, normative beliefs (e.g., voiced disapproval of immunizations) and
practices (e.g., active protests of immunization campaigns) in a network. This information could
aid researchers and programmers alike in devising ways to avert the rapid spread of negative
information introduced into an environment.
Using other methods of inquiry. Much of the research examining the linkage between
social networks and immunization behaviors has relied on observational data (Brunson, 2013).
By nature of design, this type of study is limited in its ability to make causal claims about the
effects of social networks on defined health outcomes. Future studies should therefore adopt
different research designs in order to make stronger inferences about the effects of social
networks on immunization behaviors. Examples could include a longitudinal study design with a
lagged dependent variable to eliminate unmeasured selection effects (Christakis & Fowler,
2007), or a randomized experimental design where respondents are randomly assigned to settings
with different groups of network partners so that a network relationship can be assessed early on
(Aral & Walker, 2011)
There is also a need for more qualitative studies on this topic. Qualitative research would
provide a richer understanding of the cultural factors that shape immunization adoption, the
norms that shift in important ways because of the introduction of immunizations in communities,
and the nature and implications of social network effects on immunization use (Streefland et al.,
1999).
In summary, the body of research on this subject is far from complete. More and
different types of research could provide a better understanding of the ways in which social
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networks impact immunization use and thus provide new strategies for encouraging the use of
this health service.
Recommendations for Practice
With widespread recognition that social networks, even when weak, have the power to
influence (Granovetter, 1973), there is little doubt that interventions focusing on social networks
will continue to grow in number and scope in the near future. This dissertation, in demonstrating
the potential of social networks to influence immunization use, provides support for
interventions that leverage the power of social networks to improve immunization behaviors.
Below is a list of strategies that could be used to potentially increase routine immunization use
among mothers/caregivers in settings similar to northern Nigeria.
Customizing approaches to engaging “traditional” social network influencers. The
results of this study show that when mothers/caregivers perceive that a majority of opinion
leaders and peers support routine immunizations, their likelihood of seeking out immunizations
for their children increases. However, the results also show that the normative influence of these
groups on immunization decisions is impacted by external factors. Unlike peers, opinion leaders
have a greater normative influence on mothers/caregivers’ immunization use if they have a close
relationship with them, and if they also have frequent conversations with them about
immunizations.
In contrast, peers are more likely to have a normative influence on mothers/caregivers’
immunization use only if they have frequent conversations with them about immunizations.
Peers were also shown to influence mothers/caregivers’ immunization decisions via the
processes of social control and social learning, with most of their influence generated through the

138

former. These variations in how normative influences occur indicate the value of customizing
how different groups of actors engage in immunization-related activities.
Given the significant influence that closeness and frequent communication have on the
normative influence of opinion leaders on mothers/caregivers’ immunization use, I recommend
that opinion leaders be engaged in immunization campaigns in two ways. First, I recommend
that opinion leaders focus upon delivering messages in support of immunization to key
constituents, as the closeness of their relationships influences the strength of their impact on
mothers/caregivers’ immunization behaviors. Second, when immunizing their children in public
– a practice that opinion leaders often do in immunization campaigns (PRRINN-MNCH, 2010) –
opinion leaders should consider pairing this activity with frequent messaging about the
community benefits of immunizations. According to the results of this study, these strategies
will increase the likelihood that mothers/caregivers will immunize their own children.
As with opinion leaders, peers should be engaged in immunization campaigns. Given the
relevance of frequent communication to their normative influence on mothers/caregivers’
immunization decisions, peers should be asked to deliver regular messages in support of
immunizations (e.g., during house visits, clinic functions, or family meetings). In contrast to
findings on opinion leaders, I was able to confirm that peers influence mothers/caregivers’
immunization behaviors through both social control and social learning, with the former exerting
a stronger force. This knowledge is important because it influences how campaign messages
should be structured in order to have the desired impact.
Standard designs for developing campaigns around health innovations, including
immunizations, assume that individuals are mainly influenced through the process of social
learning; in other words, that they are active learners, absorbing specific information about the
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innovation of interest (e.g., information about the community benefits of immunizations) from
people in their network (Hogset & Barrett, 2010). However, this means that individuals who are
mainly influenced through the process of social control (like the mothers/caregivers in this study)
will be less impacted by this type of campaign. This is the case because individuals that are
mainly influenced through the process of social control respond less to precise information about
health innovations (e.g., information about the community benefits of immunizations), and more
to the knowledge that there is consensus around it (e.g., knowledge that a majority of their peers
are using immunizations; Hogset & Barrett, 2010).
Because mothers/caregivers are influenced through both social control and social
learning, immunization campaigns should include messages that target both types of processes.
However, these campaigns should make sure to emphasize the social-control oriented message,
such as information about the attributes of the key groups of people who are using
immunizations. Indeed, if campaigns are designed for actively learning groups only, then a
sense of consensus may not be generated, passive learning may fail, and immunization
campaigns may end up less impactful than they could have been.
Closing the gap in the two-step flow model of mass communication with “new”
social network influencers. Social networks researchers have demonstrated the important role
that peers and family members play in health-decision making. However, strategies need to be
put in place that more adequately account for the role of these more contextually specific
influencers. The results from this dissertation show that husbands and males in general, play a
critical role in immunization decision-making. The results also show that opinion leaders and
peers have a pronounced influence on immunization use. These findings point to value of
leveraging and combining the influence of males and influential females and their close leader
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networks to positively change the routine immunization behaviors of more immunizationhesitant mothers/caregivers.
The two-step flow model of mass communication suggests that opinion leaders mediate
the influence of the mass media on the wider population (Katz & Lazarsfeld, 1955). However,
based on the findings in this dissertation, males and influential female relatives should also be
included in this model. Systematically incorporating males and influential females in efforts to
increase immunization use may help programmers reach mothers/caregivers who are at the
greatest risk of not immunizing their children.
Using a coordinated approach to designing social network interventions. The
findings show that the mass media and the formal health system are important sources of
influence on routine immunizations. Recent exposure to mass media about immunizations, the
number of health providers that mothers/caregivers communicated with about immunizations,
and previous experience visiting a health facility for other services, were all consistently
important predictors of immunization use. This means that social network interventions should
consider coordinating these more traditional sources of influence into their design.
For example, the mass media may help to increase the uptake of routine immunizations
by being a medium for reaching people, wherever they may be, when they are ready to receive
the message, and being an additional source of information that ultimately makes delivered
message seem more credible. Overall, incorporating mass media into social network
interventions will allow programmers to further leverage social dynamics and networks in a way
that facilitates the wider spread of key messages around immunizations and encourages the use
of this health service.
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Continuing to integrate local health professionals into campaigns around routine
immunizations may also contribute to positively changing immunization behaviors. For
example, using more general strategies that focus on getting mothers/caregivers to health
facilities for care may prove useful, since increasing mothers/caregivers’ exposure to local
providers and this type of setting might make them more comfortable with the idea of
immunizing their child. Overall, mass media and health system interventions are compatible
with social network interventions and can work in tandem to help strengthen activities around
immunization use.
Conclusion
Despite its limitations, this dissertation confirms that health outcomes depend not just on
individuals’ own beliefs and actions, but also on the normative beliefs and actions of the people
around them. To improve the effectiveness of interventions aimed at improving immunization
acceptance, researchers and programmers alike should treat mothers/caregivers not only as
individuals, but as members of meaningful and influential interpersonal networks. By embracing
this approach, we will improve our understanding of the determinants of routine immunization
use in developing countries while accelerating the impact of immunization programs on child
survival outcomes in contexts, like northern Nigeria, with some of the worst immunization
coverage rates in the world.
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APPENDIX A:
FIELD WORKER TRAINING, PILOT TESTING, & DATA
COLLECTION PROCEDURE DETAILS

Selection & Training of Field Workers
Twenty-five individuals were interviewed to be field workers in the study. These
individuals participated in a 30-45 minute interview, where they were evaluated on four criteria:
1) level of fluency in English and Hausa (the predominant, local language of northern Nigeria);
2) indigenicity (also from a rural community in Zamfara State); 3) experience collecting data
from human subjects using survey instruments; and 4) interviewing skills, assessed through the
observation of a mock interview. Nine of the 25 individuals (8 females and 1 male) were hired to
be field workers.
The field workers participated in an intensive, three-day training. The training covered
the following topics: 1) research question and study aims; 2) study population and eligibility
criteria; 3) routine immunization schedule in Nigeria; 4) data collection methods, including
strategies for interview administration; 5) informed consent procedures; and 6) strategies for
ensuring participant confidentiality. The field workers practiced administering the surveys in
different scenarios (e.g. assuming the mother/caregiver was not married; assuming that the
vaccination card for the child was only partially complete) to prepare themselves to administer
the survey under a range of conditions. Finally, the field workers reviewed the interview guides
for clarify and comprehension. They made modifications to the interview guides during the
training and translated all consent forms and surveys into Hausa to ensure the guides’ quality and
cultural appropriateness.
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At the end of the training, the field workers participated in a pilot, where they practiced
administering the interviews to women (two women per female interviewer) and opinion leaders
(1 traditional medicine provider, 1 religious leader, and 1 political leader) in one of the HDSS
villages that was not selected for study inclusion. The purpose of this pilot was to offer
constructive feedback about their administration of interviews, body language, and ability to
protect respondent confidentiality and privacy. Based on the participation and results of the pilot,
we made changes as a team to the study protocol and surveys.
Data Collection Procedures
After the data collection training and “pilot" were complete, the data collection process
began. Every morning, I met with the district head and village chiefs to get approval to collect
interviews in their communities. The HDSS manager notified all political leaders about our data
collection plan one-day prior to our arrival. Once approved to enter a community, the trained
interviewers were provided with the following materials: 1) 15-20 surveys and consent forms; 2)
a diagram indicating the different parts of the body where immunizations are administered; 3)
two pens and highlighters; 4) a list of eligible respondents, assigned to each field worker; 5) a list
of all the women living in the eligible respondents’ compounds, who could be designated as
“peers;” 6) water; 7) a lunch stipend; and 8) cell phone minutes to call me if they needed
assistance. With guidance from the HDSS supervisors, a short debriefing was held and the field
workers began the interview process.
The interview process for the mothers/caregivers went as follows. First, the field workers
asked the first adult that they saw in the compound for permission to enter the premises. If the
head of the compound was home (which was rarely the case since most men work on the farm
during the day), he was asked for permission to enter the home. Otherwise, any other adult
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family member could give the field worker permission to enter. Once permission was received,
the field workers identified a potential respondent, introduced herself to the respondent, and
started the informed consent process. If the respondent agreed and was able to participate in the
study, the field worker would conduct the interview. Interviews with the mothers/caregivers were
conducted over 13 consecutive days.
Data collection of the opinion leader interviews operated somewhat differently. The male
field worker, hired to conduct all opinion leader interviews, started data collection one day after
the female field workers. That way, the interviews completed with the female respondents could
be used to generate a list of opinion leaders that the mothers/caregivers mentioned as influencing
their childhood immunization decisions. The same informed consent process used to interview
the mother/caregivers was used to interview the opinion leaders.
The HDSS staff member was responsible with collecting point-level census data from
key venues using a GPS device over a seven-day period. Since the individual collecting these
data worked full-time for the HDSS, he knew how to locate most of the key venues (health
facilities, central mosques, markets) in the communities. Interviews with opinion leaders were
conducted over 12 consecutive days.
The study employed strict quality control measures throughout the data collection period.
I located each field worker between three to five times each day to check their completed
interviews and discuss any questions or problems the field workers faced in the field. I also
encouraged the field workers to call me with any questions or concerns that needed immediate
attention. When I found documentation errors or inconsistencies in the completed surveys, I
immediately sent the field workers back to the mother/caregiver for a “revisit” to the address
them.
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APPENDIX B:
CONSENT FORM FOR OPINION LEADERS
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APPENDIX C:
VILLAGE CHIEF SURVEY
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RELIGIOUS LEADER SURVEY
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APPENDIX E:
TRADITIONAL HEALER SURVEY
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APPENDIX I:
IRB APPROVAL FORMS

Review Correspondence
Protocol Number: IRB-AAAI7653 Protocol
Notification Date:
From:
To:
Subject:
Text:

11/09/2011
IRB Office
Researcher
RASCAL IRB Protocol IRB-AAAI7653 (Protocol)
Protocol
On October 3, 2011, the above-mentioned study was reviewed and approved by the Chair or
Designee of Columbia University Medical Center Institutional Review Board (IRB)#2. It met
the regulatory guidelines for expedited review, category #7. You may now begin human
research for this study.
During the approval period, all subjects enrolled not only must provide voluntary informed
consent to participate in the study, but also must sign a copy of the appropriate stamped
consent document(s). A copy of the consent document(s) must be given to the subjects for
their record.
The following study-related materials were approved:
- HDSS Training Manual
- Consent form CF - AAAJ4100
- Consent form CF - AAAJ4018
- HH Survey Cover Page, attached 9/15/11
- HH Survey, attached 09/16/2011
- Village Chief Survey, attached 08/27/2011
- Religious Leader Survey, attached 08/27/2011
- Traditional Healer Survey, attached 08/27/2011
Any proposed changes in the protocol must be immediately submitted to the IRB for review
and approval prior to implementation, unless such a change is necessary to avoid immediate
harm to the participants. Additionally, any unanticipated problems that involve risks to
subjects must be reported to the IRB in accordance with the CUMC Unanticipated Problems:
Reporting to the IRB of Unanticipated Problems Involving Risks policy, dated January 24,
2008. All submissions for modifications and unanticipated problems must be submitted
through RASCAL.
Renewal applications should be submitted 60 days before the expiration date of this study
through RASCAL. Failure to obtain renewal of your study prior to the expiration date will
require discontinuance of all research activities for this study, including enrollment of new
subjects. You must inform the IRB in writing when your study has been completed.
If you have any questions regarding this approval, please call Rachel Lally at (212) 3420948.
Columbia University appreciates your commitment towards the ethical conduct of human
research.
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APPENDIX J:
ALTERNATIVE MODERATION ANALYSIS

Measures
The variables included in these models follow the same measurement approach
delineated in Chapter 3.
Equations
Closeness & Injunctive Norms (Alternative to Hypothesis 4A)
Pr(Yij=1|Xij , Sij ,

) =logit1 (α+ β1X1ij… + β17X17ij + β18S18ij +
β19S19ij + β20S21ij +

)

In this model, Pr [Yij = 1] is the probability that the respondent immunized her child with
the DPT vaccine, with i representing the individual and j representing the clustering of
individuals in compounds. X1 to X17 are the covariates, including the 11 dummy variables that
represent the 22 paired villages in this study. S18 represents ties within networks that are close
and supportive of immunizations. S19 represents ties within networks that are not close and
supportive of immunizations. S20 represents ties within networks that are not close and not
supportive of immunizations. The reference category in this analysis is ties that are close and not
supportive of immunizations.

is the random intercept varying over compounds (level 2).

This equation was modeled twice – in mothers/caregivers’ opinion leader networks versus peer
networks.
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Closeness & Descriptive Norms (Alternative to Hypothesis 4B)
Pr(Yij=1|Xij , Sij ,

) =logit1 (α+ β1X1ij… + β17X17ij + β18S18ij +
β19S19ij + β20S21ij +

)

In this model, Pr [Yij = 1] is the probability that the respondent immunized her child with
the DPT vaccine, with i representing the individual and j representing the clustering of
individuals in compounds. X1 to X17 are the covariates, including the 11 dummy variables that
represent the 22 paired villages in this study. S18 represents ties within networks that are close
and observed to immunized child. S19 represents ties within networks that are not close and
observed to immunize child. S20 represents ties within networks that are not close and not
observed to immunize child. The reference category in this analysis is ties that are close and not
observed to immunize child.

is the random intercept varying over compounds (level 2). This

equation was modeled twice – in mothers/caregivers’ opinion leader networks versus peer
networks.
Frequency of Communication about Immunizations & Injunctive Norms (Alternative to
Hypothesis 5A)
Pr(Yij=1|Xij , Sij ,

) =logit1 (α+ β1X1ij… + β17X17ij + β18S18ij +
β19S19ij + β20S21ij +

)

In this model, Pr [Yij = 1] is the probability that the respondent immunized her child with
the DPT vaccine, with i representing the individual and j representing the clustering of
individuals in compounds. X1 to X17 are the covariates, including the 11 dummy variables that
represent the 22 paired villages in this study. S18 represents ties within networks that have
frequently communicated about immunizations and are supportive of immunizations. S19
represents ties within networks that have not frequently communicated about immunizations and
are supportive of immunizations. S20 represents ties within networks that have not frequently
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communicated about immunizations and are not supportive of immunizations. The reference
category in this analysis is ties that have frequently communicated about immunizations and are
not supportive of immunizations.

is the random intercept varying over compounds (level 2).

This equation was modeled twice – in mothers/caregivers’ opinion leader networks versus peer
networks.
Frequency of Communication about Immunizations & Descriptive Norms (Alternative to
Hypothesis 5B)
Pr(Yij=1|Xij , Sij ,

) =logit1 (α+ β1X1ij… + β17X17ij + β18S18ij +
β19S19ij + β20S21ij +

)

In this model, Pr [Yij = 1] is the probability that the respondent immunized her child with
the DPT vaccine, with i representing the individual and j representing the clustering of
individuals in compounds. X1 to X17 are the covariates, including the 11 dummy variables that
represent the 22 paired villages in this study. S18 represents ties within networks that have
frequently communicated about immunizations and have been observed to immunize their child.
S19 represents ties within networks that have not frequently communicated about immunizations
and have been observed to immunize their child. S20 represents ties within networks that have
not frequently communicated about immunizations and are not supportive of immunizations. The
reference category in this analysis is ties that have frequently communicated about
immunizations and have not been observed to immunize their child.

is the random intercept

varying over compounds (level 2). This equation was modeled twice – in mothers/caregivers’
opinion leader networks versus peer networks.
Expected Outcomes
In the above analyses, I expect the coefficients for S18 (close/frequently communicated
about immunizations and are supportive/have been observed to immunize their child) S19 (not
206

close/infrequently communicated about immunizations and are supportive/have been observed to
immunize their child), and S20 (not close/infrequently communicated about immunizations and
are not supportive/have not been observed to immunize child) to be significant and positive. This
implies that closeness and frequency of communication about immunization use are moderating
the influence of normative beliefs and practices and that there are higher rates of immunization
use among mothers/caregivers in these categories than mothers/caregivers in the reference
category (close/frequently communicated about immunizations and are not supportive/have not
been observed to immunize their child). I also expect S18 and S19 to have larger positive values
than S20, since this would capture the normative network effects on the mothers/caregivers’
immunization use. This is equivalent to the interaction term between closeness or frequency of
communication about immunizations and normative beliefs and practices being positive and
significant. If S18 and S19 are both positive and significant and S20 is not significant, then
closeness and frequency of communication do not strengthen the influence of injunctive and
descriptive norms on immunization use.
Confound Variable Codes
1. Disttofacility (Distance to health facility that offers immunization services)
2. Relationtochild (Relationship to child)
3. Prevfacilityexp (Previous experience at health facility that offers immunization services)
4. Talkhealthprof (Number of health professionals talked to about immunizations)
5. Mediaexp (Previous media exposure about immunizations)
6. HusbandsupportIZ (Perceived husband support for immunizations)
Fixed effects at the village level were included in all analyses to reduce heterogeneity across the
22 paired villages in this study. However, I do not include the output in the tables below.
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Results
Closeness & Injunctive Norms (Alternative to Hypothesis 4A)
Opinion leader networks.
Main variable codes: Emot+supportO (close + support for immunizations),
Noemot+suppportO (Not close + supportive of immunizations), Noemot+nosupportO (Not close
+ supportive of immunizations)
Random-effects logistic regression
Group variable: compound
Random effects u_i ~ Gaussian

Number of obs
=
499
Number of groups
=
364
Obs per group: min =
1
avg =
1.4
max =
5
Wald chi2(22)
=
32.33
Log likelihood = -175.02543
Prob > chi2
=
0.0720
----------------------------------------------------------------------------------dptdepvar |
Coef.
Std. Err.
z
P>|z|
[95% Conf. Interval]
------------------+---------------------------------------------------------------Emot+supportO |
1.730719
.8214536
2.11
0.035
.1207
3.340739
Noemot+supportO |
1.243338
.7392999
1.68
0.113
-.2056627
3.69234
Noemot+nosupportO |
.8137697
.9193851
0.89
0.376
-.988192
2.615731
Relationtochild |
1.135299
1.108856
1.02
0.306
-1.03802
3.308617
|
Disttofacility |
5-10km |
.6664255
1.065748
0.63
0.532
-1.422402
2.755253
=>10km | -.6722943
1.373197
-0.49
0.624
-3.363712
2.019123
|
Prevfacilityexp |
1.518935
.5539308
2.74
0.006
.4332505
2.604619
Talkhealthprof |
.8062453
.2724786
2.96
0.003
.2721971
1.340294
|
Mediaexp |
in 1 or more mon |
.2669255
.8938227
0.30
0.765
-1.484935
2.018786
within last mon |
1.192373
.8731027
1.37
0.172
-.5188769
2.903623
|
Husbandsupportiz |
ambivalent | -.4709318
1.543343
-0.31
0.760
-3.495828
2.553965
support |
1.442818
1.197084
3.21
0.028
.9034228
3.789060
_cons | -7.665742
2.001542
-3.83
0.000
-11.58869
-3.742791
------------------+---------------------------------------------------------------/lnsig2u |
1.816733
.5199168
.7977145
2.835751

Interpretation. Injunctive norms in opinion leader networks do not have an independent
influence on mothers/caregivers’ immunization use (i.e., Emot+supportO is greater than zero and
statistically significant, but Noemot+supportO is not statistically significant). However,
closeness strengthens the influence of injunctive norms on mothers/caregivers’ immunization use
within this network (i.e., Emot+supportO is greater than zero and statistically significant). These
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results are consistent with the results from the moderation test in the main text of this
dissertation.
Peer networks.
Main variable codes. Emot+supportP (close + support for immunizations),
Noemot+suppportP (Not close + supportive of immunizations), Noemot+nosupportP (Not close
+ supportive of immunizations)
Random-effects logistic regression
Group variable: compound
Random effects u_i ~ Gaussian

Number of obs
=
355
Number of groups
=
251
Obs per group: min =
1
avg =
1.4
max =
5
Wald chi2(22)
=
30.53
Log likelihood = -125.14056
Prob > chi2
=
0.1062
----------------------------------------------------------------------------------dptdepvar |
Coef.
Std. Err.
z
P>|z|
[95% Conf. Interval]
------------------+---------------------------------------------------------------Emot+supportP |
1.109529
.9535928
1.98
0.054
.780479
2.957536
Noemot+supportP |
1.426955
.7713446
1.85
0.064
-.0848529
2.938763
Noemot+nosupportP |
1.086637
1.252871
0.88
0.386
-3.54222
1.368945
Relationtochild |
1.423364
1.839398
0.77
0.439
-2.18179
5.028518
|
Disttofacility |
5-10km |
2.544001
1.261588
2.02
0.044
.0713342
5.016667
=>10km | -1.572322
1.3777
-1.14
0.254
-4.272565
1.127921
|
Prevfacilityexp |
2.127923
.6584362
3.23
0.001
.8374115
3.418434
Talkhealthprof |
.7393734
.2883882
2.56
0.010
.1741429
1.304604
|
Mediaexp |
in 1 or more mon |
.7906286
.9470307
0.83
0.404
-1.065517
2.646775
within last mon |
1.737771
.9297246
1.87
0.062
-.0844553
3.559998
|
Husbandsupportiz |
ambivalent | -1.062743
1.726702
-0.62
0.538
-4.447017
2.321531
support |
.5153439
1.375789
1.97
0.058
.051153
3.211841|
_cons | -8.976714
2.386678
-3.76
0.000
-13.65452
-4.298911
------------------+---------------------------------------------------------------/lnsig2u |
1.510887
.6091354
.3170035
2.70477
------------------+---------------------------------------------------------------sigma_u |
2.128555
.6482891
1.171754
3.866637
rho |
.5793339
.14845
.2944551
.8196418
-----------------------------------------------------------------------------------

Interpretation. Injunctive norms in peer networks have an independent influence on
mothers/caregivers’ immunization use (i.e., Emot+support and and Noemot+suppportP are
positive and statistically significant). However, closeness does not strengthens the influence of
injunctive norms on mothers/caregivers’ immunization use within this network (i.e.,
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Emot+support and Noemot+suppportP are greater than zero and statistically significant, yet
Noemot+nosupportP is not statistically significant).These results are consistent with the results
from the moderation test in the main text of this dissertation.
Closeness & Descriptive Norms (Alternative to Hypothesis 4B)
Opinion leader network.
Main variable codes. Emot+observeO (close + observed immunization use),
Noemot+observeO (not close + observed immunization use), Noemot+notobserveO (not close +
did not observe immunization use)
Random-effects logistic regression
Group variable: compound
Random effects u_i ~ Gaussian

Number of obs
=
513
Number of groups
=
374
Obs per group: min =
1
avg =
1.4
max =
5
Wald chi2(22)
=
34.10
Log likelihood = -181.36577
Prob > chi2
=
0.0480
----------------------------------------------------------------------------------dptdepvar |
Coef.
Std. Err.
z
P>|z|
[95% Conf. Interval]
------------------+---------------------------------------------------------------Emot+observeO |
.053018
.8582047
0.06
0.951
-1.629032
1.735068
Noemot+observeO |
.7534197
.5790586
1.30
0.193
-.3815144
1.888354
Noemot+noobserveO |
.1470218
1.582776
0.09
0.926
-2.955161
3.249205
Relationtochild |
1.252704
1.066972
1.17
0.240
-.8385229
3.343931
|
Disttofacility |
5-10km |
1.070758
1.002703
1.07
0.286
-.8945035
3.03602
=>10km | -1.402237
1.346049
-1.04
0.298
-4.040445
1.235971
|
Prevfacilityexp |
1.67114
.5363327
3.12
0.002
.6199473
2.722333
Talkhealthprof |
.7560819
.258537
2.92
0.003
.2493587
1.262805
|
Mediaexp |
in 1 or more mon |
.8309283
.8774306
0.95
0.344
-.8888042
2.550661
within last mon |
1.695733
.884467
1.92
0.055
-.0377907
3.429256
|
Husbandsupportiz |
ambivalent | -.6117261
1.493116
-0.41
0.682
-3.53818
2.314728
support |
1.588622
1.16079
2.37
0.021
.6864844
3.863728
_cons | -7.719772
1.934467
-3.99
0.000
-11.51126
-3.928287
------------------+---------------------------------------------------------------/lnsig2u |
1.753707
.5139788
.7463267
2.761087
------------------+---------------------------------------------------------------sigma_u |
2.403325
.6176292
1.452322
3.977062
rho |
.6371138
.1188318
.3906643
.8278177
----------------------------------------------------------------------------------Likelihood-ratio test of rho=0: chibar2(01) =
18.88 Prob >= chibar2 = 0.000
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Interpretation. Descriptive norms in opinion leader networks do not have an independent
influence on mothers/caregivers’ immunization use (i.e., none of the main variables are
statistically significant). Closeness also does not strengthen the influence of descriptive norms on
mothers/caregivers’ immunization use within this network (i.e., Emot+observeO and
Noemot+observeO are not statistically significant). These results are consistent with the results
from the moderation test in the main text of this dissertation.
Peer networks.
Main variable codes. Emot+observeP (close + observed immunization use),
Noemot+observeP (not close + observed immunization use), Noemot+notobserveP (not close +
did not observe immunization use)
Random-effects logistic regression
Group variable: compound
Random effects u_i ~ Gaussian

Number of obs
=
513
Number of groups
=
374
Obs per group: min =
1
avg =
1.4
max =
5
Wald chi2(22)
=
38.22
Log likelihood = -179.69274
Prob > chi2
=
0.0173
----------------------------------------------------------------------------------dptdepvar |
Coef.
Std. Err.
z
P>|z|
[95% Conf. Interval]
------------------+---------------------------------------------------------------Emot+0bserveP |
.7746131
.7429022
2.50
0.034
.481449
1.830675
Noemot+observeP |
.876277
.4982204
1.76
0.079
-.100217
1.852771
Noemot+noobserveP |
.6954658
.8584786
0.81
0.418
-2.378053
.9871213
Relationtochild |
1.272695
.9589227
1.33
0.184
-.6067594
3.152148
|
Disttofacility |
5-10km |
1.00668
.9139323
1.10
0.271
-.7845945
2.797954
=>10km | -1.501166
1.218202
-1.23
0.218
-3.888798
.8864657
|
Prevfacilityexp |
1.624215
.5013571
3.24
0.001
.641573
2.606857
Talkhealthprof |
.7355944
.2466675
2.98
0.003
.2521349
1.219054
|
Mediaexp |
In 1 or more mon |
.8689551
.8080688
1.08
0.282
-.7148307
2.452741
Within last mon |
1.633836
.794956
2.06
0.040
.0757513
3.191922
|
Husbandsupportiz |
ambivalent | -.4195026
1.403607
-0.30
0.765
-3.170521
2.331516
support |
1.449542
1.104686
1.96
0.059
.7156023
3.614687|
_cons | -7.378057
1.744737
-4.23
0.000
-10.79768
-3.958435
------------------+---------------------------------------------------------------/lnsig2u |
1.433872
.5402362
.3750287
2.492716
------------------+---------------------------------------------------------------sigma_u |
2.048148
.553242
1.206248
3.477654
rho |
.5604589
.1330843
.3066519
.7861493
----------------------------------------------------------------------------------Likelihood-ratio test of rho=0: chibar2(01) =
13.63 Prob >= chibar2 = 0.000
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Interpretation. Descriptive norms in peer networks have an independent influence on
mothers/caregivers’ immunization use (i.e., Emot+observe and Noemot+observeP). However,
closeness does not strengthen the influence of descriptive norms on mothers/caregivers’
immunization use within this network (i.e., Emot+observe and Noemot+observeP are greater
than zero and statistically significant, yet Noemot+noobserveP is not statistically significant).
These results are consistent with the results from the moderation test in the main text of this
dissertation.
Frequency of Communication about Immunizations & Injunctive Norms (Alternative to
Hypothesis 5A)
Opinion leader networks.
Main variable codes. Comm+supportO (frequent communication about immunizations +
support for immunizations), Nocomm+suppportO (Infrequent communication about
immunizations + supportive of immunizations), Nocomm+nosupportO (Infrequent
communication about immunizations + supportive of immunizations)
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Random-effects logistic regression
Group variable: compound
Random effects u_i ~ Gaussian

Number of obs
=
499
Number of groups
=
364
Obs per group: min =
1
avg =
1.4
max =
5
Wald chi2(22)
=
32.31
Log likelihood = -175.26511
Prob > chi2
=
0.0722
----------------------------------------------------------------------------------dptdepvar |
Coef.
Std. Err.
z
P>|z|
[95% Conf. Interval]
------------------+---------------------------------------------------------------Comm+supportO |
.5099169
.7582037
0.23
0.951
-1.629032
1.735068
Nocomm+supportO |
.7990324
.6883958
1.16
0.246
-.5501986
2.148263
Nocomm+nosupportO |
.4933086
.6422771
0.77
0.442
-.7655315
1.752149
Relationtochild |
.9672202
1.113225
0.87
0.385
-1.214661
3.149101
|
DisttoFacility |
5-10km |
.8440956
1.009275
0.84
0.403
-1.134046
2.822238
=>10km | -1.146387
1.329228
-0.86
0.388
-3.751626
1.458852
|
Prevfacilityexp |
1.430431
.5291398
2.70
0.007
.3933364
2.467526
Talkhealthprof |
.7685482
.2632668
2.92
0.004
.2525547
1.284542
|
Mediaexp |
In 1 or more mon |
.377798
.8532262
0.44
0.658
-1.294495
2.050091
Within last mon |
1.257423
.8337167
1.51
0.131
-.376632
2.891478
|
Husbandsupportiz |
ambivalent |
-.496871
1.502303
-0.33
0.741
-3.441331
2.447589
----------------------------------------------------------------------------------dptdepvar |
Coef.
Std. Err.
z
P>|z|
[95% Conf. Interval]
------------------+---------------------------------------------------------------support |
1.480549
1.174761
3.26
0.028
.8219394
3.783038
_cons | -7.721819
1.995862
-3.87
0.000
-11.63364
-3.810002
------------------+---------------------------------------------------------------/lnsig2u |
1.69904
.5326004
.6551624
2.742917
------------------+---------------------------------------------------------------sigma_u |
2.338524
.6227494
1.387608
3.941095
rho |
.6243826
.1249102
.3691919
.8252125
----------------------------------------------------------------------------------Likelihood-ratio test of rho=0: chibar2(01) =
17.12 Prob >= chibar2 = 0.000

Interpretation. Injunctive norms in opinion leader networks do not have an independent
influence on mothers/caregivers’ immunization use (i.e., none of the main variables are
statistically significant). Frequency of communication about immunizations does not strengthen
the influence of injunctive norms on mothers/caregivers’ immunization use within this network
(i.e., Comm+support and Nocomm+suppportO are not statistically significant). These results are
consistent with the results from the moderation test in the main text of this dissertation.
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Peer networks.
Main variable codes. Comm+supportP (frequent communication about immunizations +
support for immunizations), Nocomm+suppportP (Infrequent communication about
immunizations + supportive of immunizations), Nocomm+nosupportP (Infrequent
communication about immunizations + supportive of immunizations)
Random-effects logistic regression
Group variable: compound
Random effects u_i ~ Gaussian

Number of obs
=
355
Number of groups
=
251
Obs per group: min =
1
avg =
1.4
max =
5
Wald chi2(22)
=
30.52
Log likelihood = -125.52973
Prob > chi2
=
0.1063
----------------------------------------------------------------------------------dptdepvar |
Coef.
Std. Err.
z
P>|z|
[95% Conf. Interval]
------------------+---------------------------------------------------------------Comm+supportP |
1.524513
.3133872
2.08
0.030
.9978351
3.446861
Nocomm+supportP |
1.577505
.7858605
2.01
0.045
.0372467
3.117763
Nocomm+nosupportP |
1.486389
1.207658
0.40
0.687
-2.853355
1.880576
Relationtochild |
1.494126
1.899521
0.79
0.432
-2.228867
5.217119
|
DisttoFacility |
5-10km |
2.622822
1.271362
2.06
0.039
.1309981
5.114646
=>10km | -1.535534
1.364313
-1.13
0.260
-4.209538
1.138471
|
Prevfacilityexp |
2.12799
.6567281
3.24
0.001
.8408266
3.415153
Talkhealthprof |
.7038678
.2845916
2.47
0.013
.1460786
1.261657
|
----------------------------------------------------------------------------------dptdepvar |
Coef.
Std. Err.
z
P>|z|
[95% Conf. Interval]
------------------+---------------------------------------------------------------Mediaexp |
In 1 or more mon |
.7486296
.9395122
0.80
0.426
-1.09278
2.59004
Within last mon |
1.6787
.9277202
1.81
0.070
-.1395977
3.496999
Husbandsupportiz |
ambivalent | -1.150302
1.710382
-0.67
0.501
-4.502589
2.201985
support |
.4316157
1.3562
1.96
0.050
.2264870
3.089719
_cons | -8.999057
2.371306
-3.79
0.000
-13.64673
-4.351383
------------------+---------------------------------------------------------------/lnsig2u |
1.494993
.6108935
.2976638
2.692322
------------------+---------------------------------------------------------------sigma_u |
2.111707
.645014
1.160478
3.842646
rho |
.5754556
.1492452
.2904533
.8177944
----------------------------------------------------------------------------------Likelihood-ratio test of rho=0: chibar2(01) =
10.63 Prob >= chibar2 = 0.001

Interpretation. Injunctive norms in peer leader networks have an independent influence
on mothers/caregivers’ immunization use (i.e., Comm+supportP and Nocomm+suppportP are
positive and statistically significant). Frequency of communication about immunizations does
not strengthen the influence of injunctive norms on mothers/caregivers’ immunization use within
this network (i.e., Comm+supportP and Nocomm+suppportP are greater than zero and
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statistically significant, yet Nocomm+nosupportP is not statistically significant). These results
are consistent with the results from the moderation test in the main text of this dissertation.
Frequency of Communication about Immunizations & Descriptive Norms (Alternative to
Hypothesis 5B)
Opinion leader networks.
Main variable codes. Comm+observeO (frequent communication about immunizations +
observed immunization use), Nocomm+observeO (Infrequent communication about
immunizations + observed immunization use), Nocomm+noobserveO (Infrequent
communication about immunizations + did not observe immunization use)
Random-effects logistic regression
Group variable: compound
Random effects u_i ~ Gaussian

Number of obs
=
513
Number of groups
=
374
Obs per group: min =
1
avg =
1.4
max =
5
Wald chi2(22)
=
34.25
Log likelihood = -181.60445
Prob > chi2
=
0.0463
----------------------------------------------------------------------------------dptdepvar |
Coef.
Std. Err.
z
P>|z|
[95% Conf. Interval]
------------------+---------------------------------------------------------------Comm+observeO |
1.482558
.2076582
1.80
0.087
.953354
2.880576
Noomm+observeO |
.5836836
.5289371
1.10
0.270
-.453014
1.620381
Nocomm+noobserveO |
.1079993
3.496707
.03
0.975
-6.961419
6.745421
Relationtochild |
1.082179
1.032031
1.05
0.294
-.9405636
3.104922
|
DisttoFacility |
5-10km |
.9868079
.9909925
1.00
0.319
-.9555017
2.929118
=>10km | -1.356613
1.330204
-1.02
0.308
-3.963765
1.250539
|
Prevfacilityexp |
1.639812
.5304425
3.09
0.002
.6001641
2.67946
Talkhealthprof |
.7657013
.2581663
2.97
0.003
.2597047
1.271698
|
Mediaexp |
In 1 or more mon |
.7411597
.8620389
0.86
0.390
-.9484055
2.430725
Within last mon |
1.634601
.872801
1.87
0.061
-.0760573
3.34526
|
Husbandsupportiz |
ambivalent | -.5643067
1.482344
-0.38
0.703
-3.469648
2.341034
support |
1.560795
1.152206
3.35
0.026
.6974868
3.819077
_cons |
-7.62824
1.914551
-3.98
0.000
-11.38069
-3.875789
------------------+---------------------------------------------------------------/lnsig2u |
1.737508
.5129897
.7320671
2.74295
------------------+---------------------------------------------------------------sigma_u |
2.383939
.6114682
1.442004
3.941159
rho |
.6333606
.1191239
.3872752
.8252172
----------------------------------------------------------------------------------Likelihood-ratio test of rho=0: chibar2(01) =
19.02 Prob >= chibar2 = 0.000

Interpretation. Descriptive norms in opinion leader networks do not have an independent
influence on mothers/caregivers’ immunization use (i.e., Comm+observeO is greater than zero
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and statistically significant, but Nocomm+observeO is not statistically significant). Frequency of
communication about immunizations strengthens the influence of descriptive norms on
mothers/caregivers’ immunization use within this network (i.e., Comm+observeO is greater than
zero and statistically significant). These results are consistent with the results from the
moderation test in the main text of this dissertation.
Peer networks.
Main variable codes. Comm+observeP (frequent communication about immunizations +
observed immunization use), Nocomm+observeP (Infrequent communication about
immunizations + observed immunization use), Nocomm+noobserveP (Infrequent
communication about immunizations + did not observe immunization use)
Random-effects logistic regression
Group variable: compound
Random effects u_i ~ Gaussian

Number of obs
=
513
Number of groups
=
374
Obs per group: min =
1
avg =
1.4
max =
5
Wald chi2(22)
=
37.46
Log likelihood = -180.19283
Prob > chi2
=
0.0210
----------------------------------------------------------------------------------dptdepvar |
Coef.
Std. Err.
z
P>|z|
[95% Conf. Interval]
------------------+---------------------------------------------------------------Comm+observeP |
1.503642
.9621760
2.09
0.043
.3421523
3.349435
Nocomm+observeP |
.8756208
.4767921
1.94
0.066
-.0588745
1.810116
Nocomm+noobserveP |
.1533124
.8314871
1.96
0.054
.0782997
3.476372
Relationtochild |
1.304198
.9745274
1.34
0.181
-.6058409
3.214236
|
DisttoFacility |
5-10km |
.9611132
.9345361
1.03
0.304
-.870544
2.79277
=>10km | -1.514878
1.23424
-1.23
0.220
-3.933943
.9041876
|
Prevfacilityexp |
1.70299
.5084128
3.35
0.001
.7065195
2.699461
Talkhealthprof |
.6841171
.24009
2.85
0.004
.2135493
1.154685
|
Mediaexp |
In 1 or more mon |
.7805968
.8005113
0.98
0.329
-.7883766
2.34957
Within last mon |
1.555009
.7923559
1.96
0.050
.0020203
3.107999
|
Husbandsupportiz |
ambivalent | -.4755542
1.405916
-0.34
0.735
-3.231099
2.27999
support |
1.378641
1.099788
2.25
0.020
.7769036
3.534186
_cons | -7.370476
1.746825
-4.22
0.000
-10.79419
-3.946761
------------------+---------------------------------------------------------------/lnsig2u |
1.462761
.5425782
.3993272
2.526195
------------------+---------------------------------------------------------------sigma_u |
2.077947
.5637244
1.220992
3.536358
rho |
.5675626
.1331678
.3118423
.7917237
----------------------------------------------------------------------------------Likelihood-ratio test of rho=0: chibar2(01) =
13.52 Prob >= chibar2 = 0.000
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Interpretation. Descriptive norms in peer networks have an independent influence on
mothers/caregivers’ immunization use (i.e., all of the main variables are statistically significant).
Frequency of communication about immunizations strengthens the influence of descriptive
norms on mothers/caregivers’ immunization use within this network (i.e., Comm+observeP,
Nocomm+observeP, Nocomm+NoobserveP are greater than zero and statistically significant).
These results are consistent with the results from the moderation test in the main text of this
dissertation.
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