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Abstract
This paper examines, theoretically and empirically, the impact of reproductive externalities on fertility behaviour in Kenya. We examine this issue by
identifying structural forms of social interaction operating across individuals
belonging to di¤erent ethnic groups on the number of children ever born. We
use the 1998 Demographic and Health Survey data on 5994 women from Kenya
to examine whether the ’local’e¤ect of household-level in‡uences, cluster-level
residential settlement, and the more ’global’ e¤ect of ethnicity, is important
over and above an individual’s characteristics in order to explain variations in
fertility behaviour in this country. In so doing, we conclude that the importance
of social interactions for fertility is that it may be necessary to target population policy towards varied ethnic groups in di¤erent ways, with relevance for
population policy in ethnically pluralistic societies more widely.
JEL Classi…cation: C25, D1, J13, J15, Z13
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Introduction

Both economists and demographers have examined the balance between economic
and non-economic factors in orchestrating a fertility transition, as witnessed in historical European populations and in some East Asian economies over relatively short
periods of time. Classic studies of fertility such as the Princeton Fertility Project
highlighted that the transition to low fertility in historical European populations
occurred in a variety of socio-economic and institutional contexts, with a signi…cant
role being played by the local social environment (Coale and Watkins (1986), Federici, Mason, and Sogner (1993)). More recent studies have emphasised the role of
the social climate and the in‡uence of social interactions on demographic behaviour
(Egero and Hammraskjold (1994), Hank (2001). These empirical …ndings have led
many economists naturally to focus on modelling the in‡uence of social interactions
on contemporary fertility transitions (Durlauf and Walker (1999); Manski (1993),
Manski and Mayshar (2002)) and on the reproductive externalities and coordination
failures associated with fertility behaviour per se ((Dasgupta (2000); Kohler (2001)).
Empirical and theoretical analyses of social interactions can be divided into two
broad approaches. One approach considers the impact of social interactions within
predetermined groups (Akerlof (1997); Brock and Durlauf (2000), Brock and Durlauf
(2001)), and emphasises how interactions a¤ect individual and group-level outcomes
in a cross-section. A second approach analyses how group formation results from
social interactions with particular emphasis on the growth of residential neighbourhoods. This literature has focused on questions of geographic proximity and dynamic
group formation (Borjas (1995); Ginther, Haverman, and Wolfe (2000); Conley and
Topa (2002)).
Our study is located within the …rst strand of the literature and examines social
interactions in the context of fertility behaviour in Kenya where groups are considered predetermined. We conceive of the fertility of a Kenyan woman to be in‡uenced
by a range of factors such as her individual characteristics and the characteristics
of the household to which she belongs. We postulate that the social environment
impinges on a woman’s behaviour through the multiple interactions that she undertakes both at the household level and at the level of other reference groups. In
doing so we highlight a crucial point often overlooked in both the theoretical and
empirical literature on this issue: namely that there are di¤erent levels at which
social interactions occur. In doing so we consider the possibility that both local and
global forms of interaction may coexist and be important, characterised by di¤erent
mechanisms of social interaction (Horst and Scheinkman (2003a)). We argue that
this has profound implications, both theoretically and empirically, for studies of fertility behaviour and social interactions, and for the study of social interactions and
economic phenomenon, more widely. The research presented in this paper quanti…es
the e¤ects of social interactions and group membership on the number of children
ever born. In this respect our work highlights the existence of uncertainty as to
whether these e¤ects are mediated through household composition, ethnic a¢ liation, a neighbourhood cluster e¤ect, or some combination thereof. There is thus
uncertainty both with respect to the levels at which interactions occur, and the
expressions of structural dependence at each level.

3
Section 2 summarizes the literature on social interactions and fertility behaviour.
In section 3 we provide an overview of ethnic groups in Kenya, highlighting the
characteristics which are relevant for fertility behaviour. In section 4 we present
a model of reproductive externalities with social utility e¤ects. In sections 5 we
consider the distinction between multiple levels of social interaction, and in sections
6 and 7 we examine, respectively, the question of identi…cation and endogeneity. In
section 8 we examine a number of non-linear models of fertility behaviour, and in
section 9 we introduce the data. We discuss our results in section 10, and section
11 concludes.

2

Social interactions and fertility

The conventional economic household demand model of fertility behaviour posits
that a couple’s fertility is a function of the money costs of children and the opportunity costs of the value of parental time (Becker (1981)). Conditional upon
identifying a …xed set of fundamentals as comprised of a vector of characteristics
of both the individual and the household, an atomistic model of fertility behaviour
simply focusses on the direct a¤ects attributable to a change in these fundamentals.
Subsequently, if we then observe that the variance in fertility outcomes is in excess
of that which might be accounted for by di¤erences in fundamentals,1 an extension
of the standard fertility model to allow for the existence of social multiplier e¤ects
would seem reasonable (see, for example, Becker and Murphy (2000)).
Theoretical work of Dasgupta (2000) and Kohler (2001) has argued that a couple’s fertility may be in‡uenced by the level of fertility of all other couples within
a society. In the most general sense, this is what is meant by social interaction
in a fertility context: it is the public interaction between individuals in a society
as they perceive each other and observe each others’fertility behaviour. This consequently alters their social environment, which in turn ultimately in‡uences their
private decision-making about fertility. As a consequence, the existence of social interactions may lead to multiple equilibria and coordination failures in demographic
decision-making, shown by a high level of variability in outcomes for a given set
of fundamentals. Recent economic analyses of fertility behaviour have been much
concerned with social interactions (see Montgomery, Kiros, Agyeman, Casterline,
Aglobitse, and Hewett (2001), Hank (2001), Nauck (1995), Becker and Murphy
(2000), Kohler (2001), and Manski (2000)).
In the social interaction literature2 and following Manski (1993), three hypotheses are often advanced to explain the observation that individuals belonging to a
common reference group tend to behave similarly, even after controlling for a set
of observed individual characteristics. In a fertility context, there is an endogenous
e¤ect if, ceteris paribus, a woman’s children ever born (CEB) tends to vary with
1

Horst and Scheinkman (2003b) note that any change in the fundamentals exerts direct e¤ects
and indirect e¤ects that have the same sign. They comment that when the indirect e¤ects are very
signi…cant, the multiplier is very large.
2
For an excellent discussion of the theoretical literature on economic models of social interactions
and the in‡uence of non-market institutions on market institutions see Glaeser and Scheinkman
(1999)).
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the average CEB of members of her ethnic group or locality, perhaps because she
su¤ers a utility loss from deviations from group behaviour. There is an exogenous
or contextual e¤ect if, ceteris paribus, a woman’s CEB tends to vary with (or more
plausibly inversely with) the average educational attainment of her ethnic group
or locality. For example, the existence of educated neighbours may foster positive
attitudes towards smaller family size. Finally, there is a correlated e¤ect if, ceteris
paribus, women in the same ethnic group or locality tend to have similar CEB because they are, for example, similarly wealthy. The importance of di¤erentiating
between these three hypotheses can be seen by examining the respective policy implications. Consider, for example, an intervention to provide free contraception to
some members of an ethnic group or a number of neighbourhoods. If there are
endogenous e¤ects, then an e¤ective policy of free contraception may both directly
reduce the fertility of the recipients but, as their fertility decreases, indirectly reduces the fertility of all other members of that ethnic group or neighbourhood, with
a feedback to further fertility reductions by the recipients of the free contraception.
Exogenous e¤ects and correlated e¤ects will not, in general, generate this kind of
social multiplier e¤ect.
It is possible to conceive of a large number of exogenous e¤ects; in the speci…c context of fertility behaviour, education plays a particularly prominent role.
The e¤ect of social interactions on fertility behaviour operates through education
at multiple levels. For example, the potential e¤ects of education on fertility can
be decomposed into 2 components. The …rst is the e¤ect of individual educational
attainment on individual-level fertility. In a developing society, this would be dependent on the money-costs of acquiring an education and the opportunity costs of
wages foregone. Second, there is also an iconic value of education in the sense that
some individuals may aspire to the attributes of other higher educated groups in a
population. In some developing societies, the iconic value of an education is very
high. For example, sociologists of India often comment on the phenomenon of ’Sanskritization’in which lower-caste groups take on the characteristics and customs of
the upper castes in order to gain greater legitimacy and status in the Indian social
system. Frequently this manifests itself in the desire to acquire an education, or to
continue one (Srinivas (1994)).
It is also important to make the distinction between expected versus observed
behaviour in locating the mechanism by which a group impacts upon individual
decision making. One of the central issues here is the notion that in large groups,
individuals do not observe the behaviour of group members, and therefore the appropriate object is to consider interaction e¤ects as mediated by subjective expectations.
However, such an argument does not hold in cases where the size of the group is
small, such as interaction e¤ects within extended families of small communities.

3

Overview of ethnic groups in Kenya

Social interactions and channels of message transmission about fertility behaviour
are important at the level of ethnicity. Members of di¤erent ethnic groups speak the
same language, usually adopt similar cultural practices, and with some exceptions
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in border areas, reside closely in the same, or in contiguous districts (Fapohunda
and Poukouta (1997)). In the speci…c case of Kenya it has been argued that cultural
norms may encourage high fertility but also contribute to fertility decline over time
(Caldwell and Caldwell (1987); Ascadi, Ascadi, and Bulatao (1990)). We argue
that individuals’multiple levels of social interactions re‡ect their social identities regional identities, ethnic identities, religious identities, linguistic identities. While
we do not explore the question of identity in this paper, we do focus on how local and
global interactions that arise from these identities, signi…cantly a¤ect individuals’
behaviour. Our analysis is based upon historical and anthropological studies of
Kenya with particular focus on the features of Kenya’s major ethnic groups that have
relevance for fertility behaviour. In this section we discuss the ethnic groups with
reference to their population composition, the region of their residence, and three
characteristics of these groups which are noteworthy - their residential pattern of
settlement, clan organisation and education. These characteristics have implications
for the politics of ethnicity and fertility in Kenya.
Population The population of Kenya consists of three main groups - the Africans,
Asians and Europeans. Although the last two groups mainly reside in towns, 90%
of the African population continues to live in rural areas (see Meck (1971)). The
tribal groups of rural Kenya live in clearly de…ned settlements in the more remote
areas. In the Lake Victoria basin, the highlands and the coast, there is a more heterogeneous population structure (Morgan and Sha¤er (1966):2; Meck (1971): 24).
The tribes can be de…ned broadly into four groups as classi…ed by their language:
the Bantu, the Nilotic, the Nilo-Hamitic, and the Hamitic. Within these four broad
language groups, ethnic groups represent an additional sub-division. According to
the 1969 Population Census there are 42 di¤erent ethnic African groups in Kenya
(Rep (1970)). The …ve largest groups, accounting for over 75% of the population, are
the Kikuyu (22%), Kamba (11%), Kalenjin (12%), Luhya (14%) and Luo (18%).3
The Kisii and the Meru both comprise 6% of the total population. Other groups,
such as the Maasai and the Somali constitute 15% of the population.4 A religious
breakdown of the ethnic groups show that most Kikuyu are Christians, probably
because they were the Kenyan tribe with the closest links with Christian missions
historically (Meck (1971): 27). Over 90% of Luhya and Luo are Christians, compared to over 60% of Kamba. Some of the Mijikenda sub-groups, such as the Digo,
are Muslim.
Census data from Kenya depict a steady increase in the total population of
Kenya since 1948 to the present. The total fertility rate in Kenya has fallen from an
average of 6 births per woman in 1948 to approximately 4.5 births today (Ajayi and
Kekovole (1998)). However, the most signi…cant declines in fertility have occurred
in the last twenty years: the DHS studies conducted in 1989, 1993 and 1998 showed
that the TFR dropped from 6.7 in 1989 and 5.4 in 1993 to 4.7 in 1998. This drop in
fertility is considered one of the most dramatic recorded anywhere in the developed
3

According to the most recent Census.
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The Asians, Europeans and Arabs make up about 1% of the population.
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and developing world (Ajayi and Kekovole (1998): 116). The fertility di¤erences
by ethnic group are also very large, as shown in Table 1. For women aged 15-49,
the mean CEB varies from 2.5 for the Kikuyu to 3.5 for the Luo. As shown in
Table 2, these di¤erences are very pronounced for the oldest cohort of women aged
50-59 for whom mean CEB varies from 5.91 for the Kikuyu to 7.56 for the Luo, and
who have completed their fertility. For younger women, we only observe truncated
fertility outcomes as they may not, as yet, have completed their family size outcomes.
Previous studies of fertility and ethnicity in Kenya have revealed that desired family
size is smaller among the Kamba, Kikuyu, Luhya compared to the Luo (Fapohunda
and Poukouta (1997)). The Luo exhibit a strong preference for large families and
it is reported use contraception much less than other groups ( Watkins, Rutenberg,
and Green (1995)).
Region Ethnic boundaries in Kenya, to a very large extent, are coterminous with
political and administrative boundaries (Fapohunda and Poukouta (1997)). Today
the regional breakdown of the di¤erent ethnic groups is as follows: the Kalenjin reside
in the Rift Valley; the Kikuyu live in the Central region, but have also migrated
to Nairobi and the Rift Valley. The Meru/Embu reside in the North and East.
The Luhya live in the Western province, but have also migrated to Nairobi and
Mombasa. The Luo live in Nyanza, with Kisumu as their capital, but have also
migrated to the Rift Valley. The Kamba live in close proximity to Nairobi and
exhibit ethnic a¢ liation to the Kikuyu. The Mijikenda/Swahili live in the Coast
province. The Meru and Embu groups neighbour the Kikuyu to the north and east.
The Luhya, who live in Kenya’s Western province, are a less homogenous group
compared to the Kikuyu and Kamba (Were (1967)). Among the Luhya, there is a
distinction that needs to be made between those in the north and those in areas
such as Kakamega, with high population density. Although the Luo who live in
Nyanza depict a rate of population growth almost as high as the Luhya, they are a
more urbanised people (Ominde (1968)). For the Kamba, proximity to Nairobi and
their close ethnic a¢ liation to the Kikuyu are particularly signi…cant (Berg-Schlosser
(1984). The Mijikenda and Swahili groups who reside in Kenya’s Coast province are
the most agricultural of all of Kenya ethnic groups.5
Residential pattern of settlement One of the most notable features of these
ethnic groups is their pattern of residence.6 It is important to emphasise that the
notion of the ’village’ in this society is rather more di¤use than in the compact
settlements of Europe and elsewhere. Although there are di¤erences between ethnic groups, families are grouped mainly in homesteads that are located in clusters,
and which form the basis of community interaction. In some of these clusters, for
example, among the Kikuyu there exist groups of households who are not merely
5

The word ’Mijikenda’ means ’nine towns’ or ‘tribes’. The Mijikenda consist of nine distinct
sub-groups - Giriama, Duruma, Digo, Rabai, Chonyi, Kambe, Kauma, Ribe, and Jibana.
6
A key point to note here is that villages are not de…ned units of settlement, although their
boundaries are well-known locally. These boundaries are usually marked by trees, stones, and so
forth (Berg-Schlosser (1984): 139)
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coresident, but also related by blood and marriage. In other clusters, there are households that are located in close proximity, but where individuals in these households
are not related to other individuals in neighbouring households.
For example, the Kalenjin live mainly in homesteads that are individual family
based. Property is usually inherited along paternal lines or male agnates. The
smallest unit of territorial composition in Kalenjin society is the ’temenik’ or hamlet,
a cluster of homesteads; these are usually grouped into ’villages’of 15 to 60 temenik.
The Kikuyu live in homesteads on land owned by the family, and surrounded by …elds
(or ’shamba’). Traditionally land was owned by many households which constitute
the extended family located on the same ’ridge’which is the traditional geographical
division7 (Berg-Schlosser (1984): 50). Supplementing the organisation of Kikuyu
society based on kinship, there is also a geographical demarcation. The ’itura’ or
village consists of groups of families. This is further subdivided into those living
on the same ridge. The pattern of Luo settlement is similar to other communities,
although their homesteads usually consist of families who own land, dispersed as a
safeguard against climatic conditions. The Kamba are also agriculturists, and their
pattern of settlement is similar to the Kikuyu (Middleton and Kershaw (1965)). The
traditional land-owning unit is the extended family. In terms of territorial residence,
the most basic unit is the ukambani, which is a homestead that comprises several
extended families. Several of these are grouped to form a kivalo within which social
interactions, especially marriage, take place. For the Mijikenda, the main form
of residence is the mudzi or village which consists of groups of agriculturists and
…sherman.
Clan organisation These tribal groups are also broadly characterised by three
main features that have relevance for social interactions: the importance of the
family group, the clan, and the system of age-grading8 (Meck (1971)). For example,
anthropological studies of the agriculturalist Kikuyu argue that among them, fathers
exert a less important role for economic decision-making, that relations between the
extended family are strong, and that they exhibit a highly evolved sense of ethnic
identity which can often override more national concerns (Berg-Schlosser (1984),
Ferguson and SrungBoonmee (2003)). Anthropologists comment that among the
Kikuyu, the most economically and socially e¤ective unit is the mbari : ’a group
of families who trace their descent from a common ancestor following the paternal
line, often for up to seven or eight generations. In addition to its functions as
the most important traditional land-holding unit in Kikuyu society, the mbari is
an important social reference-group for many Kikuyu and still plays an e¤ective
role in many economic and social relationships including the more modern ones.’
(Berg-Schlosser (1984): 53). We would therefore expect that the endogenous social
interaction e¤ects among this group would emerge as being particularly strong. The
Luhya do not have as powerful a clan organisation as some of the other groups
7

This was altered with the land reforms of 1950 when ownership of land was transfered to
individuals.
8
The system of age-grading is a form of vertical strati…cation which every member of a tribe
goes through during the course of their lives, with each ’age-grade’ made distinct from the other
with certain rites of passage (Kenyatta (1961):2; Berg-Schlosser (1984): 55).
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(Meck (1971): 28). Anthropologists comment that a feature of the Luhya that
makes them quite distinct from other groups is the relatively strict accepted norms
of behaviour, particularly with respect to marriage and interactions between the
sexes (Berg-Schlosser (1984): 114).
Education Initiated …rst by Jomo Kenyatta, education policy in Kenya has been
pursued actively by the government, with remarkable success, especially with increases in primary and secondary school enrolment for girls. However, despite the
general increases in the uptake of education and policies such as school fee remission
and the development of harambee or self-help community schools which foster these,
the mean number of years of schooling di¤ers considerably by ethnicity.
The mean number of years of education varies considerably by ethnic group
in Kenya, as shown in Table 3. This factor has relevance for social interactions
as we might expect the importance of social interactions on fertility to be mediated by the e¤ect of education. Previous studies of Kenyan fertility argue that the
Kikuyu and the Kamba show the least preference for large families because they had
early access to colonial education (Fapohunda and Poukouta (1997)). The Kikuyu
are the best educated, compared to other ethnic groups in Kenya (Berg-Schlosser
(1984): 60; De Wilde (1967): 39). We can explain this development historically
- many Kikuyu worked as wage labourers in European-owned plantations and attended schools. As a community, they viewed education as the means to progress
and this led them to acquire positions of responsibility in the colonial administration.
In the post-Independence period, the Kikuyu continued to dominate and consolidate
their position, politically and economically, relative to the other groups (Ferguson
and SrungBoonmee (2003)). The Luhya populations, are also highly literate groups.
Most Kamba are enrolled in formal schooling. Among the Kalenjin, levels of education are, in general, less than other groups. The Mijikenda and Swahili groups also
depict low levels of education compared to other groups in this population.
Politics of ethnicity Recent evidence has highlighted that di¤erences in the economic performance of ethnic groups can be traced to their development historically
and to economic decisions made by these groups (Ferguson and SrungBoonmee
(2003)). Ethnic identity in Kenya has always been very strong historically, and
it continues to be a very potent force in Kenya’s politics even today. For example, the Kalenjin, who are a heterogenous ethnic group and who live primarily in
Kenya’s Rift Valley province (Were (1967)) are closest to Nairobi geographically,
and they are politically and economically Kenya’s dominant ethnic group (Kenyatta
(1966)). Their location in the eastern Rift Valley allows them to enjoy a level of
political proximity that, in part, determines their (relatively) superior economic status. Agricultural innovation …rst arose among the Kikuyu who also absorbed land
reform more readily than other groups (Meck (1971): 27). Historically, the Kikuyu
were one of the …rst ethnic groups in Kenya to absorb European-style capitalism in
the form of wage labour and participation in the monetary economy, so in contrast
for example to the Maasai whom they neighbour, the Kikuyu’s subsequent economic
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performance has been much better (Ferguson and SrungBoonmee (2003)). 9 In the
past the Luo were less responsive to social and economic change compared to other
tribes (Meck (1971)). For example, land reform met with a great deal of resistance
among this group as it was believed to con‡ict with religious beliefs. But since 2001,
the Luo have increasingly been incorporated into the government. In more recent
times, relations between the ethnic groups has been closely tied with the development of Kenyan politics, particularly since the introduction of multiparty politics
in Kenya since 1991 after over twenty years of rule by one party (Throup (2001)).
The increased strength and importance of the ethnic identity has also led, more
worryingly, to ethnic clashes in 1992-93 and in 1997.
So ethnicity - or ethnic group identity - is important for this society. Ethnicity
has displayed an immutability which may be accounted for by the historical evolution
of these population groups, manifest in the recent political history of this nation.
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A Model of Fertility with Social Interactions

We consider a population in which there is a representative household h10 characterised by a location j; a type s - here ethnicity - and a vector of characteristics
xi: . We assume that both j and s are …xed for all individuals, with characteristics
potentially varying across individuals, type and location. Our point of departure is
the standard Beckerian utility function ( Becker (1981), Willis (1973))
Ui = U (ni ; zi ; xi ; "i );

(1)

where Ui denotes the utility function of household i; ni represents the number of
children, zi is all sources of satisfaction to the husband and wife other than those
arising from children, and xi denotes the vector of socio-demographic characteristics
which a¤ect preferences. By including the stochastic term "i we allow for imperfect
information on the part of the analyst. This is subject to the usual budget constraint:
I = ni pn + zi pz ;

(2)

where we assume that total income I is expended on children ni and on all sources
of satisfaction other than those arising from children zi ; pn and pz are the shadow
prices of children and other sources of satisfaction respectively.
In extending the above atomistic utility model to incorporate a theory of social
interactions we …rst write
Vi = (U (ni ; zi ; xi ); S j (ni ; nj i ); S s (ni ; ns i ); "i );
9

(3)

For example, following the Land Transfer Programme, Kikuyu land owners in the Central
province specialised in the production of co¤ee which is widely exported by Kenya, earning these
farmers resources that ensured their success as a community (Ferguson and SrungBoonmee (2003)).
10
Note that within the household we consider husband’s and wife’s preferences to be coincident. In
this respect we do not examine intra-household bargaining between the couple in the determination
of fertility outcomes. For theoretical simplicity, we assume that the ’household’ represents the
couple. Empirically this can be translated into a measure of the woman’s fertility, measured by the
total number of children borne by her.
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where Vi ; total individual utility, is comprised of a private utility term U (); and two
social utility terms: S j (ni ; nj i ) represents a social utility term for location j, given
by some function of the number of children choices made by all other residents of j;
nj i = (nj1; nj2 ; :::; nji 1 ; nji+1 ; :::; njMj ), where Mj denotes the number of individuals in
location j: S s (ni ; ns i ) represents a social utility term for type s, namely the impact
of some function of the number of children choices made by all other members of type
s; where ns i = (ns1; ns2 ; :::; nsi 1 ; nsi+1 ; :::; nsMs ). In both cases the extension allows us
to capture that component of individual utility attributable to a fertility choice ni ;
that is dependent upon the fertility choices of others. The ’others’in question may
be those, for example, resident in the individual’s household, or others resident in the
local community for example, in the individual’s street or neighbourhood. Rewriting
(3) as additive in individual and social utility terms, we have
Vi = U (ni ; zi ; xi ) + S j (ni ; nj i ) + S s (ni ; ns i ) + "i :

(4)

In extending (1) by adding social utility functions S j (:) and S s (); our intention
is to develop a model which facilitates a distinction between local and global interactions in the sense that individual behaviour may also be determined by the
decisions of a larger ethnic group. In referring to a local interaction, individuals
have incentives to conform to the behaviour of a small number of appropriately de…ned neighbours, whose actions they can ’observe’. In contrast a global interaction
refers to a situation where individuals face incentives to conform to the ’expected’
behaviour of a common reference group (Horst and Scheinkman (2003b)), whose behaviour we cannot observe. What is signi…cant here is that both a local and a global
interaction can occur simultaneously. This speci…cation in (3), including more than
a single social utility term, allows for multiple social interactions - namely the possibility that social interaction is both localised within a speci…c location, and more
di¤use across a larger, geographically di¤use sub-population classi…ed by type. Such
a formulation allows us to examine, for example, whether after controlling for social
interaction e¤ects accruing through geographical proximity, there is a residual e¤ect
due to the desire to conform to a set of behaviours ascribed by ethnicity.
In focussing on that part of total utility attributable to social utility functions
j
S (:) and S s (:); it is obvious from (4) that cross-partial e¤ects will be key objects.
Di¤erentiating the Beckerian …rst-order conditions with respect to social interactions
yields the second-order conditions
j
il
s
il

= @ 2 S j (ni ; nl )=@ni @nl > 0;
2 s

= @ S (ni ; nl )=@ni @nl > 0;

(5)
(6)

where jil represents a measure of the disutility accruing to i from deviating from the
behaviour of l for i; l 2 j. In examining (5) and (6) we de…ne strategic complementarity as representing the increasing marginal utility of woman i as a direct result
of the fertility choices of other women in the group. The precise form of interaction
will obviously depend on the functions S j and S s :
If we are willing to assume that social utility exhibits strategic complementarities
that are totalistic and constant (see Cooper (1988)), then we may impose a number
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of restrictions. For example, the restriction jil = j =2(Mj 1) is consistent with
a model of uniform local interaction, with equal weights assigned to all members of
location j: We note that although such a restriction may be theoretically di¢ cult to
justify, it is not possible to identify separate measures jil if there is no information
as to the relative location of all i; l within each location. Such a restriction implies
that, in the case of type, all individuals are equally in‡uential with respect to fertility
decisions; and, in the case of spatially de…ned clusters, all individuals are located at
the centroid.
We consider two forms of social utility which are consistent with totalistic and
constant strategic complementarity. At the level of location j these may be written
as
S1j (ni ; nj i ) =

j
1 ni n i
2

S2j (ni ; nj i ) =

(ni

(7)
nj i )2 :

(8)
2
(7) represents a proportional spillover form of dependence in the sense that for
@S1j (:)=@ni = 1 nj i , strategic complementarities are solely dependent upon the
mean level of children ever born within location j. (8) represents social utility
as a measure of conformism with @S2 (:)=@ni = 2 (nj i ni ): Under (8) there is an
incentive to conform to mean fertility behaviour within the group with deviations
from the mean penalised more severely, relative to the proportional spillovers case.
If behaving like others confers additional status on a woman, she may desire to
conform.11 Note also that although
@ 2 Slj (:)
@ni @nj i

=

l;

l = 1; 2;

such that strategic complementarities are captured by a single parameter in both
cases.
We note that in anticipating subsequent data constraints we have represented
the social utility function in a way which assumes that all interactions within a
group have equal weight. However, the additional restriction on the social utility
terms (as in 7 and 8) that any estimated endogenous interactions are constant over a
population is unlikely to hold, and is not required for identi…cation. For example, in
the case of e¤ects which stem from a desire to conform to a group fertility norm, such
a norm may vary across di¤erent ethnic groups. In the case of the Kikuyu, which
reside in clusters comprised of an extended family, then we have prior information
suggesting the (ceteris paribus) likelihood of greater interaction than other groups.

5

Measuring Social Interactions: The Choice of Reference Groups

Given that our data contain no information which points to the existence of speci…c
groups of individuals which de…ne a network within which social interaction takes
11

There may also be a compelling reason to conform if such status in the community bears
economic bene…ts, e.g. in the allocation of local resources.
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place12 we acknowledge uncertainty as to what constitutes an appropriate reference
group with respect to fertility decisions. However, using a number of anthropological
sources we have identi…ed that within rural populations in Kenya, fertility decisions
are conducted within families which are members of ethnic groups and which reside
mainly in homesteads that are located in relatively small clusters. These various
allegiances, we postulate, then form the basis of social interaction.
Subsequently we emphasise the role of three reference groups. First, ethnicity
postulates that the status of women and attitudes towards children may di¤er substantially across ethnic groups, with di¤erential evaluation of the psychological costs
and bene…ts of bearing children.13
Second, we have noted that in the case of Kenya, situated between the individual,
the household and the ethnic group, are relatively small clusters of households within
which physical proximity dictates that individuals directly observe and bear the
costs of the decisions of others. In addition we have information which allows us
to distinguish between clusters which, for certain ethnic groups, are comprised of
households which are blood related, with obvious rami…cations for interaction.14 For
example, in the case of the Kikuyu we might expect the extent of such interaction
to be on average higher given that clusters of households are generally comprised
of groups of individuals which are related by blood and marriage (the mbari ). In
such a situation one might expect to …nd a stronger normative in‡uence relative to
clusters comprised of households, as in the case of the Kalenjin, who live mainly in
homesteads that are individual family based.
The third reference group is that within the household, and consists of, for example, the in‡uence of extended family on fertility. In studies of South Asia (Hajnal
(1982), Iyer (2002)) the household which de…nes the locus of interaction can be very
widely de…ned, including not only the immediate family, but domestic servants, distant relatives and so forth. The household in Kenya constitutes a well-de…ned and
…xed unit of analysis. There are a number of ways in which interactions at the level
of the household might be signi…cant for fertility behaviour. For example, if a woman
observes the past fertility behaviour of other female relatives in the household, for
example her sisters-in-law, then this might a¤ect her individual decision-making.
In the presence of polygynous households, the behaviour of other wives is going to
be important, either because it justi…es a higher fertility norm, or because there is
more help provided with child care. Given that household composition is often crucial to fertility decisions, these intra-household externalities may have consequence
for fertility decisions and need to be modelled and taken into account explicitly.
12
For an example where such data exists, see Montgomery, Kiros, Agyeman, Casterline, Aglobitse,
and Hewett (2001)
13
There has been a great deal of research on the e¤ects on fertility of religion and ethnic group
membership (Gellner (1981); Sander (1995); Iyer (2002)).
14
In other contexts the locus of interaction might consist of a well-de…ned set of households who
live within a given geographical space such as a street (see, for example, Guinnane, Moehling, and
O’Grada (2001)).
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6

Econometric Models of Fertility Behaviour

In order to motivate a modelling strategy we …rst consider the observed data. For
each woman we observe fCi ; xi g; where Ci 2 c f0; 1; 2; :::g represents a count of the
total number of children ever born, and xi is a vector of characteristics which includes
individual characteristics, together with ethnic, cluster, and household attributes.
We let xIi denote a vector which includes only individual characteristics.
At the outset we recognise that a standard linear model is inappropriate given
that count data is both integer valued and heteroscedastic by construction.15 In
section 6.1 we examine a baseline Poisson model for the counts of children ever born,
and determine the appropriateness of the attendant distributional assumptions. In
section 6.2 we focus on the speci…cation of the conditional mean, and in the light
of our theoretical model presented in section 4, we propose an extension of the
standard atomistic speci…cation by accounting for social interaction at the level of
the household, the village cluster and the ethnic group.

6.1

A Baseline Poisson Model

The Poisson distribution for the number of children ever born C = 0; 1; 2; :::, and
for intensity parameter ; is given by
f (Ci jxi ) =

e

i

Ci !

Ci
i

; Ci = 0; 1; 2; :::

(9)

Given the nonnegativity constraint, the Poisson density in (9) is often accompanied
by an exponential conditional mean function E(Ci jxi ) = i = exp(x0i ): Although
in modelling the determinants of the number of children ever born to a woman, the
Poisson density represents a natural benchmark, a number of speci…c features of
both the population and the sample suggests that it will be necessary to modify the
basic model to accommodate particular departures from conditions which satisfy
a Poisson process. We begin with the violation of the assumption of conditional
independence.
A violation of the assumption of conditional independence in the Poisson model
with cross-section data may originate as a result of various forms of interactions
across observations. However, unlike count process which are indexed by time, with
an attendant immutable ordering, there is greater uncertainty as to the appropriate
ordering. The key issue here is whether interaction is viewed as a nuisance process, or
is integral to the substantive focus of the research.16 Although the failure to account
for dependencies across observations can result in ine¢ cient estimation,17 in this
study our objective is to construct a structural model of the interaction processes
by extending the Beckerian utility model for CEB to account for the impact of
interactions across households which belong to distinct ethnic groups, and reside in
15
This follows given that for any process bounded at zero, the variance will be an increasing
function of the mean.
16
King (1989) refers more generally to contagion as a process where the expected number of
events at some time is dependent upon the realized number.
17
See Moulton (1986), Chamberlain (1980) and Mundlak (1978).
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clusters of households.18 Subsequently we use this framework to determine whether
such interactions generate di¤erent levels of CEB counts over the entire distribution
of CEB, relative to that predicted if the only conditioning information was xIi .
6.1.1

Neglected Heterogeneity: General and Speci…c

In our sample of married women between the ages of 15 and 49, the mean number
of children ever born is 3.2, whilst the variance is 10.2, resulting in considerable
overdispersion. As such one of the de…ning properties of the baseline Poisson model,
namely the equidispersion property requiring that E(Ci jxi ) = V ar(Ci jxi ) = i is
violated. In seeking to address this particular violation, we consider a speci…cation
which accommodates two possible departures from this baseline: a general form of
unobserved heterogeneity, and a speci…c form which is manifest in the preponderance
of excess zeros.
We extend the model in order to accommodate what we refer to as general unobserved heterogeneity by allowing the conditional mean to be determined by observed
characteristics xi ; and variation in an i.i.d unobserved heterogeneity component, ! i :
The conditional mean function is then written as
i (! i )

= exp( + x0i +! i )
x0i

= e

( +! i )

e

(10)

;

noting that since ! i is unobserved, (10) suggests a random-e¤ects interpretation
of this particular extension. Conditional on ! i ; the CEB count Ci is distributed
Poisson
( i (! i ))Ci
; Ci = 0; 1; 2; :::;
Ci !
with the unconditional probability given by
f (Ci jxi ; ! i ) =

f (Ci jxi ) =

e

1
R

[e

i (! i )

i (! i

)( i (! i ))Ci =Ci !]g(! i )d! i :

(11)

(12)

0

To ensure a closed form expression for (12), a gamma distribution with mean 1 and
variance is chosen for g($i ): The resulting mixture of Poisson and gamma components can be interpreted as the Negative Binomial model; the …rst two moments are
E(Ci jxi ) = i (thereby ensuring the consistency of parameter estimates delivered
by the PRM model in the presence of overdispersion) and V ar(Ci jxi ) = i (1 + i ):
One test for over-dispersion is a Wald test of whether is di¤erent from zero.
One notable feature of count data, and fertility counts in particular, can be
seen from Table 4, where we present a simple frequency distribution for children
ever born. Although our sample includes 26% of women with no children, one
characteristic of the baseline Poisson model is the tendency to underpredict a zero
count (see for example, Poston and Mckibben (2003)). An excess zeros problem
18
As such the fundamental characteristic which di¤erentiates our approach from multilevel (variance components) techniques is that we assign, theoretically as well as empirically, a more prominent
role to the mechanisms by which social interactions a¤ect fertility behaviour.
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may, in part, originate as a result of women in the sample who cannot have children,
and for whom there are no reliable indicators of the infertile state. In this sense we
might usefully think of the excess zeros problem in the context of CEB as originating
from a speci…c form of unobserved heterogeneity in the form of a missing fertility
indicator, say fi : If such an indicator were available, and subsequently included as
a component of the conditioning information xi ; the excess zeros problem would
not arise. However, given that fi is unobserved a class of zero-in‡ated (or mixture)
models have been proposed, where the vernacular in‡ation is used to denote the
fact that the excessive probability mass at zero (relative to that allowed under a
standard PRM) is generated by infertile women who are otherwise similar to fertile
women choosing to have children.
We note that there are a number of alternate approaches to deal with this particular mixture model. Guinnane, Moehling, and O’Grada (2001) point out the hurdle
Poisson model is predicated on the assumption that excess zeros are generated by
the presence of a …xed cost associated with the count process. However, the major
distinction between the two approaches is that the hurdle speci…cation assumes that
once the …rst hurdle has been crossed, all realizations from a Poisson density are
strictly positive.19 In contrast the mixture model assumes that the data are drawn
from two di¤erent populations: an always zero CEB count population (with probability p) and a population (with probability 1 p) that may include both zero and
positive CEB counts.

6.2

Conditional Mean Speci…cation

We turn our attention to the speci…cation of the conditional mean function, and
speci…cally integrate the econometric speci…cation with the theoretical model outlined in section 4. We write the extended conditional mean for the baseline Poisson
model as
E(CjxI ; h; p;e) = exp(e+

e

E[f (Cje)]+

c

E[f (Cjcl)]+ edcl +h0 +p0 +xI0 ); (13)

where e denotes a categorical variable denoting ethnic a¢ liation, E[f (Cje)] represents some function f () of the expected number of children ever born at the level
of the ethnic group. E[f (Cjcl] captures similar e¤ects which are localised in the
sense of being
of households.
P con…ned to women who reside in the same cluster
edcl = n1cl
edi with edi denoting the education level of the ith woman residing in
i2cl

the same cluster. xI , h; and p denote, respectively vectors of individual, household
and cluster attributes; and ; ; and are the associated vectors of unknown control
parameters. e ; c ; and are scalar parameters denoting, respectively, endogenous
and exogenous e¤ects.
6.2.1
19

Endogenous and Exogenous Interaction E¤ects

See Mullahy (1986).
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We represent endogenous e¤ects attributable to the fertility choices of other women
in the same ethnic group and cluster using
e
c

E[f (Cje)] = @S2 (ni ; n i )=@ni =

e

E[f (Cjcl)] = @S2 (ni ; n i )=@ni =

c

(n
(n

i
i

ni );

(14)

ni );

(15)

where ni denotes the number of children ever born to woman i, and n i (n i ) is
the mean CEB for ethnic group (cluster). e represents the cross-partial e¤ect20
@ 2 S2 (:)
c
is similarly de…ned.
@ni @n i :
We represent exogenous e¤ects attributable to observing the education of other
women in the same cluster using edcl . This is in keeping with our discussion earlier
of the e¤ect of education as iconic, with some individuals aspiring to the attributes
of other higher educated members within their cluster. We choose to model these
education interactions at the level of the cluster as higher educated women in the
locality (but not necessarily in the household) may be leaders and opinion-makers
who in‡uence others who are less educated to adopt low fertility norms. Hence we
consider the proportion of women in the cluster who had completed higher education
as representative of this exogenous education e¤ect on fertility. It is important to
clarify here that we are using a proportionate metric for the exogenous e¤ect as we
believe that the average level of education has an in‡uence on fertility behaviour
due to the ’iconic’value of education discussed earlier, rather than the distance of a
particular woman’s educational attainment from the attainment of better-educated
women in the group. Therefore we argue that the proportionate metric is a better
representation of the woman’s actual behaviour than the conformist metric, at least
with reference to the e¤ect of education on fertility outcomes.
Above we de…ned a number of endogenous and exogenous e¤ects speci…ed at
the level of the village cluster. It is important to include other measures of cluster
attributes if we are to reduce the likelihood of spurious inference. Critical in this
respect is access to water and fuel infrastructure. Based upon the work of Dasgupta
(1993), better access to water and fuel reduces the demand for child labour to
collect them, and that this is turn reduces the demand for children, and hence the
fertility rate (Iyer (2002); Aggarwala, Netanyahu, and Romano (2001)). Access to
fuel was measured by a mean-level e¤ect for access to electricity. Access to water
infrastructure at the cluster-level was measured according to whether access to water
was located (i) in the residence (either piped into the residence or a well was located
in the residence); (ii) obtained from a publicly-provided source (either a public tap
or a public well); (iii) obtained by collecting it from a river, stream, pond or lake;
or (iv) whether rainwater was relied upon as the chief source of water. In addition,
another cluster-level attribute included was whether or not a radio was listened to at
least once a week which again was aggregated up from whether or not an individual
listened to a radio. The reason that we use cluster-level variables is that we believe
that there may be an aggregate e¤ect which is an attribute of the cluster which
exerts an impact over and above the e¤ect at the level of the individual.
20

The notation S1 () and S2 () refers, respectively, to the proportionate and conformist social
utility functions presented in Section 4.
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6.2.2

Household-level Interactions

At the level of the household there are a number of channels of interaction that are
relevant for fertility decisions. One measure of interaction is the practice of polygyny:
30% of households in the sample had more than one wife living in the household.
Polygyny can have two impacts on fertility: …rst, it can increase fertility if there
is more help provided with child-care, creating a micro-level externality within the
extended family household. Second, if there is greater discussion of family planning
issues, then this might work to reduce fertility. Alternatively if high-fertility norms
are espoused within the extended household then the e¤ect might be to increase
fertility.21
The number of usual residents in the household, where usual residents excludes
the number of children-ever-born to women, was also included as another possible
channel of interaction. The rationale for the inclusion of this variate is that if
other household members help with child care, then this considerably alters the
bene…ts and costs of child bearing to parents. Where kin help with care, or indeed
as with other African societies where ’fosterage’ is common, other residents have
an important bearing on a woman’s total fertility. This variable is also important
because such interactions may be manifest in the form of discussions about family
planning. If, for example, a woman was likely to discuss family planning with other
residents, her decision-making is more likely to be in‡uenced by them. A number of
other demographic studies of poor societies (see, for example, Iyer (2002)) have found
that the role played by residents within the household or within close proximity, such
as friends and neighbours, is important for fertility.
One of the issues that we were also interested in at the level of the household and
which has relevance for the e¤ects at di¤erent levels is the age of the women. The
household-level e¤ects were interacted with variables for women who were ’young’
(ages 15-34) compared to women who were ’old’(ages 35-49). This was done because
it was expected that some of the variables such as measures of household status might
be more relevant to the decision-making of younger than older women, addressing an
inherent time-inconsistency problem in the DHS data Arulampalam and Bhalotra
(2003).
A number of household level variables were included as controls for income and
other characteristics. One notable problem here is that in the DHS no direct questions on income were asked of survey respondents. Utilising a series of questions
asked about household quality, access to infrastructure, and the ownership of consumer durables, it was possible to construct a number of indicators which control for
the economic status of households. The quality of roof construction was measured
on the following (increasing quality) scale: iron (mabati), tiles, grass or thatch, and
other material. The quality of the ‡oor was measured using (decreasing quality)
scale: mud, dung or sand, wood planks, tiles or polished wood, and cement. Other
indicators of the quality of housing infrastructure were whether or not it had a toilet,
and the number of rooms for sleeping.
21
A number of recent studies have examined the role of polygynous marriage norms in in‡uencing
demographic behaviour. See for example Hogan and Biratu (2004)).
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The status of the household may also be proxied by ownership of consumer
durables. Such items provide a relatively good measure of income given that the
purchase of consumer durables is not subject to short-run variability, and as such is
more representative of the longer-term status of the household. The variables that
were used are whether or not the household owns a radio, a television, a telephone,
and a bicycle, the latter being important for access to fuel and water. Note however,
that ownership of a radio and a television could also be seen as indicative of the
household’s access to the mass media.
6.2.3

Individual-level E¤ects

The choice of variables to control for individual level e¤ects is in keeping with a
long lineage of economic models of fertility decisions. These variables are age of
the woman measured in years and an age-squared variable accounting for the nonlinearity associated with age-related variables. This controls for older women having, on average, more children than younger ones. The education of the woman is
included and measured as the highest level of education attained, separating out
primary, secondary, and higher education e¤ects. The in‡uence of the media was
measured as whether the woman listened to the radio at least once a week. This
variable was included on the assumption that greater information about contraceptive technology would be available to the woman if she listened to the radio.22 A
binary variable recorded how long the woman had lived in the community.23 This
variable was included on the assumption that if a woman has resided in the community for a longer period, then she was more likely to have formed stronger networks
in the cluster, which in turn may in‡uence her fertility behaviour. Similar to the
household-level e¤ects, the individual-level e¤ects for education and for listening to
the radio were also interacted with the dummies for younger and older women to
address the time inconsistency problem with DHS data.
In both (9) and (11) the Poisson density is represented based upon the implicit
assumption that the probability of each woman of having one or more children is
the same. Given that our sample includes women between 15 and 49 years of age,
we account for the fact that for younger women we e¤ectively observe truncated
fertility lifetimes by adding the variables ’age’and ’age squared’to control for the
fact that older women would have completed their childbearing, and therefore might
display higher fertility, relative to younger women in the sample. Another method
that is used in the present study to deal with the time inconsistency problem in
using DHS data is to interact dummy variables for older and younger women with
other model e¤ects to take account of the fact that this may re‡ect the distinction
between completed and incomplete fertility. The speci…c nature of the time inconsistency problem is that women may be making decisions with respect to their fertility
considerably before the time when they were selected for survey and interview, and
22

Messages about this are routinely broadcast on the national radio channel, the ’Voice of Kenya’
in English, Swahili and the vernaculars.
23
If she had lived in the same community since 1993 then this variable took the value 0; if she
had migrated in the interim period and had therefore lived in at least two communities, then this
variable took the value 1.
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that therefore their current economic status (as for example measured by ownership
of consumer durables, or the current state of the roof quality or ‡oor quality in
their homes, may not be as representative of their economic status at the time that
they made their decision about having a child (or having additional children). This
creates the time inconsistency problem in DHS data which has been pointed out by
Arulampalam and Bhalotra (2003).

7

The Identi…cation Problem

In considering the problem of the identi…cation of endogenous and exogenous effects, we consider data fC; g; xg where C is a scalar outcome measuring children
ever born (CEB), g is a categorical variable indicating group membership, x is a
k 1 vector of characteristics recorded at the level of the individual, including educational attainment, age, and income. u denotes a vector of unobserved individual
characteristics.24 A linear model of CEB which considers di¤erent manifestations of
social interaction is written as
C=

+ E[Cjg] + E(xjg)0 + x0 + u;

(16)

where and are unknown scalar parameters,25 and and are, respectively, k 1
and l 1 parameter vectors, with l k. Conditioning on g restricts the expectation
over members of the appropriate group. The genesis of the identi…cation problem
derives from the simple observation that in (16) we specify a model for children ever
born which is linear in a mean endogenous e¤ect, E(Cjg); and a mean exogenous
e¤ect, E(xjg): It therefore follows that the reduced form representation of the conditional mean E(Cjg; x) will be a function of E(xjg):26 This is obviously central to
the question of identi…cation, namely we start with the intention of disentangling
a mean group (ethnic) e¤ect, in terms of the three components E(Cjg); E(xjg);
and E(ujg; x), and observe that, not surprisingly, the reduced form E(Cjg; x) is a
function of E(xjg):
There are a number of ways to circumvent the identi…cation problem. Within
a linear framework the simplest yet probably the most restrictive method, is to
impose a full set of zero restrictions on = 0, thereby adopting the assumption that
any interactions are mediated solely by endogenous e¤ects. We note that such an
approach is potentially problematic for making inference on multiplier e¤ects, since
such restrictions may result in biased estimates of pure endogenous e¤ects. This is
important since policy proscriptions which follow from endogenous versus exogenous
e¤ects are likely to be very di¤erent. However, the upside of such an approach is that
these restrictions automatically generate a possible set of instruments (E(xjg)).27
24

Note that at this juncture we focus simply on the question of whether it is possible to separately
identify a single pair of exogenous and endogneous e¤ects. The question of whether more than one
type of endogenous e¤ect is identi…ed is considered in section 9.
25
For clarity of exposition we restrict to be a scalar quantity. However, in the empirical section
we allow endogenous e¤ects to vary across ethnic groups such that is now a vector.
26
See Manski (1993) for further details.
27
See, for example, Case and Katz (1991) and Gaviria and Raphael (2001). Brock and Durlauf
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In this study identi…cation is achieved as a consequence of a correctly speci…ed
functional form. Namely, in models of fertility choice we apply a link function to
the conditional expectation E(Cjg; x) so as to correctly represent the nature of the
observed data. Identi…cation is then achieved as a result of the speci…ed nonlinear
model, rather than as a speci…cally targeted means to blur the linear dependence
between endogenous and exogenous e¤ects. The conditional mean is then written as
E(Cjg; x) = F ( + E(Cjg) + E(xjg)0 + g0 + x0 );

(17)

where F (:) is a nonlinear monotonic transformation. As a consequence we note that
although the conditional mean E(Cjg) will still be a function of E(xjg); the linear
dependence between these two objects is automatically removed given that the we
have imposed a restriction on the support of E(Cjg): between zero and one for a
simple binary choice model of fertility, and between zero and {; where { is the
maximum number of children ever born in either a multinomial28 or count model
representation. Subsequently, as long as the support of E(xjg) is su¢ cient to reveal
the nonlinear dependence between an endogenous and an exogenous e¤ect, Manski’s
re‡ection becomes blurred and identi…cation is achieved.
Identi…cation problems may also arise as a consequence of endogenous group formation. In this instance a correlated e¤ect may also be manifest if group formation
is based on unobservable characteristics. Here our identi…cation assumption is based
on the belief that individuals do not self-select into the groups we examine. They
do not self-select at the level of the household. At the level of the cluster there is
selection insofar as individuals locate in a cluster due to their ethnicity, however this
is exogenous to fertility behaviour. We also control for ethnicity.

8

Endogeneity Bias

In allowing for the possibility that interaction e¤ects on fertility choices operate both
through exogenous and endogenous interactions, we noted that the speci…cation of
a nonlinear count model breaks the linear dependence between the mean exogenous
and mean endogenous e¤ects. However, although both these e¤ects are identi…ed
in the population, the question of how to deal with the obvious bias in estimating
the endogenous e¤ect remains. Endogenous cluster conformist e¤ects are measured
as (n i ni ), where ni , children ever born to woman i; is the dependent variable
in a non-linear Poisson model. In the most general sense we postulate an e¤ect
stemming from the average fertility behaviour of a group to the individual. But
logically, individual behaviour also a¤ects the action of the group, generating a
simultaneity problem independent of whether i is in the cluster or not.
In this study we circumvent the endogeneity using information on fertility preferences. The use of stated preferences for fertility here is linked directly to the
(2000) take a less extreme approach and achieve identi…cation by locating an individual level variable
whose group level average can be ruled out a priori as an exogenous e¤ect. See Kawaguchi (2004)
for an approach which utilises subjective perceptions of peers’average behaviour, instead of average
behaviour.
28
See Brock and Durlauf (2003) for a discussion of multinomial choice with social interactions.
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observation by Manski (1993) that the estimation of endogenous interaction e¤ects
is tenuous if based solely on observed behaviour. The use of stated preferences as an
instrument29 is based on two arguments. First, stated and revealed preferences are
correlated to the extent that actual fertility re‡ects preferences about ideal fertility,
which is the number of children women want in the absence of any kind of method to
control family size, or other constraints. Second, although fertility decisions within a
group (and therefore mean group fertility) are a¤ected by realised individual fertility
decisions, stated preferences are exogenous to mean group fertility behaviour. For
example, the survey data provided information on respondents revealed and stated
preferences for family size. With respect to stated preferences, if the woman had at
least one living child, then she was asked, ’If you could go back to the time you did
not have any children and could choose exactly the number of children to have in
your whole life, how many would that be?’ Conversely if the woman had no living
children she was asked, ’If you could choose exactly the number of children to have
in your whole life, how many would that be?’
In this study observed di¤erences between stated preferences and realised fertility
choices re‡ect two components. First, there is the standard problem which plagues
intentions data, namely the assumption that elicited choice expectations coincide
with actual choices that respondents would make if the posed scenario were realised.
In addressing this point, we note that we do not require that individual level di¤erences between stated and revealed preferences average out.30 Rather given that we
are making use of the stated preferences as an instrument, we simply require that
this measure provide independent exogenous variation for the endogenous revealed
fertility preferences.
Second, these di¤erences are also determined by the extent to which complete
fertility lifetimes are observed, and the issue that very few women might say that
their ideal family size is ’zero’. This is one reason why in the econometric analyses
conducted for this study and reported in later sections of this paper, that we specifically use women’s age as a crucial variable to interact other regressors with, as we
might expect fertility scenarios for older women to be di¤erent compared to those
for younger women. We also note that the wording of the question implies di¤erent
hypothetical scenarios for di¤erent subgroups. For example, although the estimate
of mean unwanted fertility, measured as the di¤erence between revealed (C) and
stated preferences (I) for fertility is relatively small (I = 3:98 and C = 3:19) di¤erences across subgroups are noteworthy. For older women realised ceb (CO = 7:05) is
on average signi…cantly higher than ideal family size (IO = 4:95), which is consistent
with the …ndings of other studies in terms of a high degree of ’unwanted fertility’.
For younger women with incomplete fertility we …nd that, as expected, ideal family
size exceeds realised fertility (IY = 3:82 and CY = 2:47).
29

For other examples of the use of stated preference data in studies of social interaction see, for
example, Kawaguchi (2004) and Delavande (2004).
30
Make reference to Manski’s work on eliciting future intentions based upon probabilistic expectations to explicitly handle the uncertainty on behalf in the decision maker in providing a response.
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9

Data and characteristics of DHS survey

Re‡ecting the population breakdown in the country as a whole, our sample, taken
from the Kenyan Demographic and Health Survey (KDHS)Ken (1999),31 has data
on the Kalenjin, the Kikuyu, Luhya, Luo, Kamba, Kisii, Mijikenda/Swahili and
Meru/Embu.32 The Kenya DHS adopted a two-stage strati…ed sampling approach
that selected households located within primary sampling units (PSU) or sampling
clusters. These clusters are identical to the complete enumeration of sample clusters
which took place as part of the 1977 National Demographic Survey. The sample
points themselves are identical to those chosen in the sampling frame maintained
by the Kenyan Central Bureau of Statistics. In the 35 of Kenya’s 42 districts that
were included in the survey, there were 536 clusters - 444 rural clusters and 92
urban clusters, of which 530 were non-empty clusters.33 The location of the clusters
geographically are identi…able within the district and province (DHS and Macro
International, 1999: 179-182). A complete list of all households in each cluster
was recorded between November 1997 and February 1998. From the remaining 530
clusters, a systematic sample was drawn of, on average, 22 households in urban
clusters and 17 households in rural clusters. This formed a total of 9465 households.
In these households, all women age 15-49 were targeted for interview. Response rates
varied by province from approximately 88% to 99% (for more details see KDHS, 1998
p.180).
In addition to the geographical strati…cation of data by cluster and household,
it is also possible to stratify these data by ethnicity. As also discussed in section 2,
the major Kenyan ethnic groups (covering 88% of the population) are Kikuyu, Luo,
Luhya, Kamba, Kalenjin, Kisii and Mijikenda/Swahili. The Kikuyu is the largest,
with 17.9% of the population, while Mijikenda/Swahili is the smallest, with 5.0%.
The representation of each group in the sample is similar to its representation in the
whole population. Table 4 depicts the total number of cases under study grouped
according to region and ethnicity. The largest number of women included in the
sample live in the Rift Valley region, while the smallest number of women sampled
live in Nairobi. The nature of the sample is therefore particularly useful for analysing
behaviour in rural Kenya. Looking at the distribution by ethnic group, the largest
sample was drawn from the Kalenjin group, while the smallest was drawn from the
Meru/Embu group.
It is important to emphasise that in many cases the cluster populations are
homogenous with respect to ethnic group. As a result there will many cases very
little residual variation on the ethnic endogenous e¤ect after we have controlled
for the endogenous cluster e¤ects such that there will be insu¢ cient independent
31

The survey contains interview data for 7800 women aged 15-49. It contains women from all
of Kenya’s large ethnic groups and covers a wide geographical area, omitting only the areas of
extremely low population density in the North. Geographically. Kenya is divided into 7 provinces
which are further subdivided into 47 districts. The Kenya DHS covered 42 of Kenya’s districts; 35
were sampled, 7 were not. 17 districts were oversampled.
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Our study excludes the Maasai, a pastoral group living in the Kenyan Rift Valley, and other
tribes such as the Galla and Somalis, who live in the north-east.
33
6 of the clusters could not be included in the survey due to inaccessibility (DHS and Macro
International 1999: 180).
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variation in these two e¤ects to separately (empirically) identify them. Section 11
discusses this in further detail.
According to the DHS data, a rural woman has on average about 5.2 children
compared to fertility among urban women at 3.1 children. Fertility di¤erentials
by the level of education show that illiterate women bear on average 5.8 children
compared to 3.5 children for women with secondary school education (DHS 1998,
p. xvii). The sample reveals demographic di¤erences between ethnic groups: for
women aged 40-49, the mean CEB varies from 5.91 for Kikuyu to 7.56 for Luo.
The di¤erences in fertility by ethnic group are clearly very large, and are evident
whether we are examining actual completed fertility (CEB), ideal number of children
desired, or unwanted fertility. Table 2 shows the mean CEB grouped by region and
by ethnicity for various age cohorts in the sample. CEB varies from a low of 1.7
in Nairobi/Central to a high of 3.3 in Nyanza. This pattern is also seen by region
for di¤ering age cohorts. The Kikuyu, Kalenjin, Luhya and the Luo follow similar
patterns for all age groups. For example, CEB is low among the Kikuyu (in the
Nairobi region), and high amongst the Luo (in the Nyanza region).
There are three-quarters of women and men in the sample either who want to
limit births or to space them. Table 5 shows the stated ideal number of children
desired by women in the sample. This is lowest in Nairobi/Central compared to
Nyanza, western and coast regions. It varies from a low of 2.95 to a high of 4.36 in
Coast. This pattern is also seen by region for di¤ering age cohorts, except for the
Coast region (discussed below). All ethnic groups depict relatively similar behaviour
except for Miji/Swahili (in the Coast) who depict very high ideal numbers, and the
Kikuyu who are very low.
If we are concerned about the in‡uence of social interactions on fertility behaviour, empirically it is useful to examine women’s unwanted fertility in relation to
their actual fertility. The last column of Table 5 depicts the demographer’s measure
of unwanted fertility in the sample measured as the total number of CEB less the
ideal number of children desired for women aged 40-49 years who have largely completed their fertility. This is lowest in the Central region (-0.5) and highest in the
Coast region (-1.7). In all regions, women are having greater numbers of children
than they desire, except among women in the Coast region where it is the reverse.
All ethnic groups are having greater numbers of children than they desire, except
among Miji/Swahili, where it is the reverse. For the age group 40-49, unwanted
fertility varies from 0.1 in the Coast region to 2.4 in the Eastern region. These data
suggest that social interactions may matter for fertility behaviour in this society,
as women are having more children than they desire, re‡ected in these estimates of
unwanted fertility.
The DHS data show that knowledge of family planning in Kenya is very high:
98% of women and 99% of men were able to name at least one modern method
of contraception. There are 39% of women who use contraception and the most
widely used methods are contraceptive injectables, the pill, female sterilization and
periodic abstinence. Contraceptive use does however vary greatly by region: while
there are 61% of women in the Central province who use contraception, only 22% of
women in the Coast province do so likewise. Only 23% of women with no education
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use contraception compared to 57% of women with secondary education. Both
government and private medical sources provide access to contraceptives.
In the data used in the present study we consider individual-level data only for
the 5994 women residing in a rural cluster, and who did respond. Table 6 presents
the counts of children ever born in the sample. This shows that there is heaping of
observations, particularly on the zero count.

10

Results

Given that the Poisson regression model (PRM) generates consistent parameter estimates in the presence of either under or over-dispersion (see, for example, Cameron
and Trivedi (1986)), we utilize the PRM as a convenient benchmark model. The
results of the di¤erent model estimations are discussed as follows. Table 7 presents
the Baseline Poisson Model with cluster controls, household controls and individuallevel e¤ects included. Table 8 presents the Zero-In‡ated Poisson model with CEB
instrumented, and the social interaction e¤ects together with the same set of controls as in the benchmark PRM. The dependent variable in the model is the total
number of children ever born (CEB). Parameter estimates may be interpreted as the
proportional change in the number of children ever born due to a unit change in the
0^
regressors.34 Since the predicted count is given by ex , we also report the factor
^
change in the expected count for a unit increase in a given xk , denoted e ; and emphasise this statistic when interpreting our results. Standard errors are calculated
using the Huber (1967) method to account for intra-cluster correlation.
In discussing the results it is important to consider the signi…cance of particular
e¤ects over the respective levels: individual, household, cluster, and ethnic. Consider
the following hypothetical example. At the level of the cluster access to the media is
measured by the proportion of households which had access to a radio; at the level
of the individual, media access is measured by whether or not the individual listens
to a radio at least once a week. Assuming that both of these e¤ects are signi…cant,
our inference would be that after controlling for the negative e¤ect of individual
use of a radio, a woman living in a cluster which had a higher proportion of radios
would experience a further reduction in her CEB. The interpretation for such a
cluster e¤ect is based on the observation that information about family planning
is disseminated by radio, this information in‡uences ideas about fertility decline,
and that as the proportion of women in the local vicinity that listen to the radio
increases, this creates a subsequent multiplier e¤ect. In terms of population policy,
this is important as it would suggest that not only are the characteristics of the
individual women important, but also the characteristics of the clusters in which
these women live. As we discuss below, in order to guard against spurious inference
at the level of cluster interactions, we obviously need to ensure that we control for
34
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income, since without such a control the inference might be misleading.
As noted above, one of the problems with the DHS survey is that no direct
questions on income were asked of survey respondents. To address this de…ciency a
number of household level variables were included as controls for income and other
characteristics. Measures of roo…ng quality are signi…cant, suggesting that if the
woman lived in a household that was wealthier, as measured by a better quality
roof such as iron or tiles, then her CEB was more likely to be lower, relatively to
the base category - a thatched roof. If a woman lived in a house which had an iron
roof, the expected number of children ever born would be approximately 5% lower
than if she was resident in a house with a thatched roof; the di¤erence in fertility
outcomes between women living in thatched-roof homes compared to those living in
homes which had tiled roofs was as high as 23%. This result represents additional
evidence of the importance of income as an in‡uence on fertility. The presence of a
television in the household also mattered for lowering fertility: women who lived in
households which owned televisions had on average 8% fewer children. It is possible
to argue that this is a measure of both an income e¤ect and a measure of better
media access, with both e¤ects working in the same direction to reduce expected
CEB.
As expected many of the individual-level variables were highly signi…cant: these
included the woman’s age with an older woman exhibiting higher fertility compared
to her younger counterpart. This is something we might expect if norms concerning
family size have evolved over time. Women today are more likely on average to have
fewer numbers of children compared to previous generations of women before them.
To isolate further the in‡uence of age on fertility, we interact some of the other
variables with dummy variables for older versus younger women35 . For example, at
the level of secondary and higher education, education exerted a negative impact
on fertility. But the magnitude of the impact on older compared to younger women
is di¤erent. For older women, while primary and secondary education were not
signi…cant, higher education was signi…cant for reducing fertility, with a factor e¤ect
of 20%. For younger women, the e¤ects are even more dramatic: the e¤ects of
secondary (higher) education reduces fertility by, on average 22% (36%). The base
category was women with no education. Primary education has the expected positive
relationship with CEB. If the woman had lived continuously in the community since
1993, then this was likely to reduce her ideal number of children by about 4%. One
reason for this …nding may be that women who stayed more continuously in one
region were more likely to bene…t from the impact of the greater ’social capital’
generated by living in the community for long periods. It is also possible that they
are more likely to form stronger networks with others if they have lived there longer,
and this would be particularly important for fertility-related issues.
Since we are not seeking to isolate the e¤ects of exogenous or endogenous interactions, the inclusion of ethnic dummies allows us to capture a composite ethnic e¤ect
on fertility. Using the Kikuyu as the base group, we …nd signi…cant e¤ects for the
Kalenjin, Luhya, and Luo. In comparing our results with the unconditional fertility
35

We take a threshold here as greater than 35 as ’older’, on the assumption that a woman’s
reproductive life span is from 15 to 49, and as also assumed in other demographic analyses.

26
means in Table 1, we note that the magnitude of the attendant factor e¤ects coincide
with the ranking of ethnic groups with high fertility. For example, our inference here
would be that an otherwise identical Kikuyu women would experience, on average,
a 15% increase in fertility if she were exposed to the norms and behaviours of the
Luo ethnicity. In moving now to discuss the results of an extension of the PRM
model, one of our objectives is to decompose these fertility di¤erences into a number
of exogenous and endogenous ethnic e¤ects. Finally we note that, using Western as
the reference province,36 all regional e¤ects are insigni…cant with the exception of
the Central province.
The Baseline Poisson model represents a valuable point of departure in demonstrating the importance of the individual-level factors. However, the model maintains an equidispersion assumption, is not able to adequately model a preponderance
of the zero counts, and does not take into account the e¤ect of endogenous and exogenous interaction e¤ects at the level of household and cluster. Utilising the discussion
in section 6.1, we take the PRM as the null model and …rst test for departures from
equidispersion based upon a general form of unobserved heterogeneity as represented
by the negative binomial model with variance V ar(Ci jxi ) = i (1 +
i ): Utilising
both a Wald and likelihood ratio test (H0 : = 0; H1 : > 0) of whether the PRM
model should be extended to account for a general form of unobserved heterogeneity was conducted, we were not able to reject the null at any reasonable signi…cance
level. As a consequence we extend the baseline Poisson model to account for the
speci…c form of unobserved heterogeneity - namely the fact that we do not observe
an infertility indicator - is supported by the data.

10.1

The Zero In‡ated Poisson IV model with social interaction
e¤ects

Table 8 presents the results of a Zero-in‡ated Poisson regression with CEB instrumented37 by the ideal number of children estimated on the Kenyan data, with
cluster-level endogenous and exogenous e¤ects, household e¤ects and individuallevel e¤ects.38 Cluster–level variables are divided into cluster-level social interaction terms and cluster-level controls. The cluster-level interaction terms encompass
endogenous and exogenous e¤ects.
Endogenous e¤ects The localised endogenous e¤ects emanating from within
the village cluster, are captured by a parameter which weights the variable ( C cl
Ci ) - namely the di¤erence between a mean-level and individual CEB (instrumented
by ideal family size) for women who live in the same cluster. We observe that
in many cases these parameter are signi…cant and positive. In di¤erentiating these
36

Since we have focussed our study on rural clusters, Nairobi is excluded from the analysis.
The instrumental variable regression is a Poisson model using ideal family size (ifs) as an
instrument for children ever born. The parameter value and standard error for ifs were, respectively
0.0218 and 0.004. Note that a factor e¤ect of 1.022 is consistent with the observation of unwanted
fertility in table 5. A full set of individual, household, and cluster level exogenous variables were
also included.
38
Although the model contains a large number of variables based upon cluster aggregates, standard errors are again adjusted to account for any residual intra-cluster correlation.
37
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e¤ects according as to whether the woman was ’young’or ’old’, we found that across
all ethnic groups the endogenous e¤ects were very important for younger women,
on average, compared to the older women: factor e¤ects ranging from 1.043 to 1.11
which suggests an increase in fertility of between 4% - 11% across ethnic groups. For
older women, the e¤ects wre signi…cant for the Kisii, the Mijikenda-Swahili and the
Luhya, with factor e¤ects ranging from 1.014 to 1.052 - or approximately between
1% and 5%.
A key aspect of these results is that consistent with our anthropological understanding of the ethnic groups (and as discussed in section 3), for those clusters in
which individuals were related both by blood and marriage, as for example, among
the Kikuyu mbari, the endogenous e¤ects on fertility are the strongest of any of the
ethnic group e¤ects on fertility.
Exogenous e¤ects We consider exogenous e¤ects as attributable to the e¤ect
of observing the level of education of other women in the same cluster. We measure
this e¤ect using the proportion of women who had completed higher education,
allowing parameters to di¤er by ethnicity and the age of the woman39 . Among the
younger women, these e¤ects were signi…cant for the Kikuyu. The most signi…cant
negative e¤ect was observed for younger Kikuyu women where the exogenous e¤ect
of education multiplies the expected number of children ever born by a factor of
0.105. Once again we observe that those groups who are related both by blood and
by marriage, as for example the Kikuyu, exhibit signi…cant and large interaction
e¤ects. The importance of these e¤ects is that they suggest more clearly the channels
through which the e¤ect of ethnicity impacts on fertility. This is important for
demographic analyses per se because compared to the results in Table 7 which
represent the more conventional manner in which fertility anlaysis is conducted,
the results in Table 8 show the importance of both including the signi…cant ethnic
e¤ects on fertility that are the outcome of interactions between individuals, and
the fact that they are important over and above the signi…cance of individual and
household characteristics. The e¤ects in Table 8 are signi…cant after controlling
for the individual levels of educational attainment. For the older women however,
these e¤ects are not signi…cant for any of the groups. This might suggest that
the interaction of social interaction e¤ects and education e¤ects might be more
important for younger cohorts of women, who increasingly learn from the bettereducated members of their ethnic group more, as more and more women in these
groups have achieved better education levels over time.
In order to reduce the likelihood of omitted cluster attributes confounding our
inferences on exogenous and endogenous interactions a range of cluster-level controls
are included: these are media access and access to water and fuel infrastructure in
the cluster. Among these cluster-level controls, the e¤ect of the media was signi…cant and exerted a negative e¤ect on fertility, with a factor e¤ect of 0.892, or
approximately 11% decrease. None of the mean-level cluster e¤ects for access to
39

For the Mijikanda-Swahili and Kamba ethnic group the numbers of women who had completed
higher education education was extremely small across most clusters, and as a result, the exogenous
education e¤ect was constructed utilising the proportion who had completed a secondary school
education.
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electricity or water were signi…cant.
Household-level e¤ects At the household level we make a distinction between
interactions within the household which may have implications for fertility, and
household-level controls. Household-level controls are included so as to reduce the
possibility that any inference on household-level interaction e¤ects is not confounded
by household-level omitted variables. The main household-level social interaction
e¤ect that was signi…cant was if the woman was a usual resident, then this impact
was more signi…cant for older women, for whom it exerted a negative e¤ect, with
a factor e¤ect of 0.893. The ’usual resident’variable captured the number of other
residents in the household excluding the number of children at the time of the survey.
The impact of polygyny was not signi…cant either for younger or older women in the
sample.
A number of household-level attributes are used as controls. In general we would
expect that income would be negatively correlated with fertility, and this hypothesis
was borne out by income indicators used in the model. For example, if the woman
belonged to a household which had an iron roof or a tiled roof (relative to the base
of straw or thatch), then the woman had, on average, lower fertility. In terms of
orders of magnitude, having a tiled roof, for example, reduced the likelihood of a
woman’s fertility by approximately 29%; having an iron roof reduced the likelihood
of a woman’s additional fertility by approximately 6%. This …nding is unsurprising
as roo…ng quality is a strong indicator of income in a rural household. The ‡oor
quality variables were also signi…cant: if the woman lived in a house which had a
cement ‡oor (relative to the base of sand), then this multiplied average fertility by
a factor of 0.95. Two variables included in the model which could be construed
both as income indicators and as controls for media access are radio and television
ownership. Radio ownership was insigni…cant, but television ownership was highly
signi…cant. For example, ownership of a television reduced a woman’s fertility by
approximately 9%.
Individual-level e¤ects The age of the woman depicted the expected relationship with fertility: older women, on average, have higher fertility than younger
women. Primary education exerted a negative e¤ect on fertility. This variable was
important (at the 10% signi…cance level) for the younger women, although not for
the older women in the sample, with a factor e¤ect of 6%. Secondary and higher
education were signi…cant for both older and younger women, and displayed the
expected negative signs. If a younger woman was educated to the secondary level,
she depicted on average 38% lower fertility; if she had had higher education, then
this reduced her expected fertility by about 50%. For older women, these …gures
were 10% and 28% respectively. If an older woman had been resident for at least
…ve years in this region, then again this had a negative impact on her fertility, and
reduced her fertility, on average, by approximately 11%.
10.1.1

In‡ation sub-model

Given that we do not observe an infertility indicator we are not able to determine
whether any woman should be permanently assigned to the always-zero regime.
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Subsequently, we utilise the in‡ation sub-model to estimate the probability that a
woman has zero children due to being infertile. This probability was estimated using
a simple probit equation. Given that we do not observe any reliable indicators of
infertility we included a set of ethnic dummies, again with Kikuyu as the base ethnic
group. The rationale for this speci…cation is that since infertility is determined, in
part, by a number of unobserved factors such as genetic composition, nutritional
status, it is likely that ethnicity may represent some of this variation. Another factor
that may be relevant here, which has been highlighted by medical anthropological
studies (see Tanaka (2000)), is the practice of male and female circumcision, which is
practised by most ethnic groups in Kenya. This practice may lead to lower fertility
if it endangers the health of women. The …ndings of the in‡ation sub-model show
signi…cant ethnic e¤ects for three groups: the Kisii, the Meru-Embu and the Luo.
The …ndings for the Kisii and the Meru-Embu suggests that there are, relative to
the Kikuyu, a signi…cantly smaller proportion of infertile women in the sample for
these two groups. For the Luo, the …ndings show that there are a signi…cantly higher
proportion of infertile women in this group compared to the Kikuyu, although this
result was only signi…cant at the 10% level. The …ndings from the in‡ation sub-model
suggest that if we need to understand fertility behaviour in this society more fully,
then we may need to look at di¤erences in the degree of infertility amongst ethnic
groups, coupled with the anthropological evidence, as an indicator of subsequent
fertility behaviour. The preliminary …ndings from the in‡ation sub-model indicate
that this may be a potentially important avenue for future research in this area, as
high levels of fertility among some groups relative to others may be the outcome of
a combination of factors including a predisposition towards infertility in some ethnic
groups in this society. A joint test of the null hypothesis that all the parameters in
the in‡ation sub-model were jointly equal to zero was …rmly rejected40 .

11

Conclusion

Strategic complementarities in fertility decisions implies that a couple’s fertility decisions may be dependent on the actions of others in the vicinity or in the society
more widely. The mechanisms through which these complementarities occur are
through social interactions. This paper has examined the importance of social interactions in the context of fertility behaviour in Kenya. We have examined the role
of dependencies within a household; dependencies across individuals that reside in a
cluster of households who locate according to ethnicity; and more globally ethnicity.
By identifying the multiplicity of these channels, we have a better basis upon which
to attempt to in‡uence policy. More signi…cantly, the existence of multiple channels
of social interaction imply that an analyst attempting to isolate these pathways,
needs to be cautious about the possibility of erroneous inference.
The key message that emerges from this study is that since fertility is in‡uenced
by interactions formed at di¤erent levels, then from a policy perspective, a speci…cally targeted intervention in an area of high fertility, or towards speci…c groups in
40
The Vuong test statistic has an asymptotic normal distribution. The value of the test statistic
was 3.60, with a p-value of 0.000. See Vuong (1989) for details of the form of this non-nested test.
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society, arguably will be more e¤ective than a ’one size …ts all’approach to population policy. For example, one of the key …ndings of the study is that the exogenous
e¤ects of education vary signi…cantly by ethnic group, and are seen to be important with large multipliers. In particular, the exogenous e¤ects signi…cantly reduced
Kikuyu fertility. One reason for these …ndings may be the anthropological fact of
the Kikuyu clusters in which individuals were related both by blood and by marriage, leading to signi…cant exogenous education e¤ects. But these types of …ndings
do seem to suggest that a more nuanced approach to population policy is needed
than simply a policy that aims at increasing education in general. It may be that
the particular forms of education provided need to be context-dependent recognizing
that education may have di¤erent impacts on people of di¤erent ethnic backgrounds.
While this study did not explore these themes in depth, we believe that this is an
avenue for potential future research in Kenya, and would be worthy of investigation
especially from the perspective of population policy.
This conclusion is reinforced by the analysis of the endogenous e¤ects on fertility. Women of di¤erent ethnicities are in‡uenced variably by the observed fertility
behaviour of others in their ethnic group. This varies most particularly by age. For
example, the endogenous CEB e¤ects were important for younger women of all ethnic groups in Kenya, but only important for some of the older women. This seems
to suggest a gradual process of change in how much Kenyan women are being in‡uenced by others in their group over time. Younger women, perhaps because of recent
proactive population and health campaign initiatives in this country, are increasingly
being in‡uenced by others in their immediate group of reference. For older women,
it is more di¢ cult for us to draw …rm conclusions as the …ndings for these women
need to be tempered by a recognition of the time inconsistency problem inherent
in using cross-sectional demographic data. In any event, this is the reason behind
why one of the channels that we highlight in the econometric models is the in‡uence
of women’s age. Both endogenous and exogenous e¤ects are more signi…cant for
younger women in the sample than for older women. So speci…cally, we argue that
by using highly educated women, from speci…c ethnic groups, and resident in local
communities, as ’leaders’ to spread information among women about the bene…ts
of lower fertility, this may be a good strategy to ensure fertility decline in Kenya
more widely. Thus, we argue that the e¤ects of age, education and ethnicity, when
they do coincide in particular individuals, seem to engender a capacity for reducing
fertility in Kenya that is noteworthy.
One of the most interesting aspects of looking more closely at the education
e¤ects is that the size of the multipliers at every level are very large. For all younger
women in the sample the e¤ect of completing a secondary education is to reduce
expected fertility by 38%. When we now allow for exogenous interaction e¤ects
attributable to the iconic e¤ect of education for women in the same cluster, then
for some ethnic groups we observe even larger multiplier e¤ects. For the Kikuyu,
we estimate an additional signi…cant decline in fertility which we attribute to the
e¤ect of the proportion of women who completed secondary education within the
cluster. This …nding underlines the importance of anthropological characteristics of
ethnic groups in reinforcing the impact of the social interactions. These …ndings are
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also consistent with the theoretical observation made by economists elsewhere that
when the social interaction e¤ects are very signi…cant, the size of the multiplier is
very large (Horst and Scheinkman (2003b)). This seems to be evident particularly
for the e¤ect of education on fertility in this sample population.
From a policy perspective, the analysis conducted here also suggests that in
Kenya, we will need to target the demand for children via in‡uencing people’s desires
about fertility. As discussed, on the one hand, education is one potential avenue by
which to do so. But, on the other hand, the role of the media through promoting
knowledge about family planning is critical in order to in‡uence ‘ideas’about lower
fertility norms. Economic characteristics are important, and measures of income are
signi…cant determinants of fertility. If high fertility is a consequence of the demand
for child labour to collect water and fuel infrastructure, then targeting access to
piped water in the home and electricity is critical.
The observation that clusters of households are formed almost exclusively on
the basis of ethnicity precluded us from estimating separate ethnic and cluster conformists e¤ects. However, this …nding is informative from a policy perspective in the
sense that fertility behaviour via conformity at the cluster level mirrors the same
at the ethnic group level. The …ndings are also relevant as to how policy is conducted. For example, if cluster populations are coincident with ethnicity as they are
in Kenya, then potentially it is easier to target population policy at one group in a
localised setting. If however the clusters are mixed, then potentially this creates a
di¢ culty for targeted fertility interventions that might vary considerably by ethnic
group. In this respect homogenous clusters might make targeting population policy
more tractable.
In addition, given a single observation per individual we are not able to make
inference as to the permanence of the interaction e¤ects. However, although similar
inference problems relate to whether in using a single cross-section an estimated
individual e¤ect represents a steady state relationship or some form of transition,
we argue that in the case of social interaction e¤ects due to fertility behaviour, the
relevance of the orderings - the household, the cluster, and the ethnic group - is
important. Although some ethnic norms are, in all likelihood, immutable, others
may change over time. Nevertheless, these norms do emerge in empirical analysis
as important, despite controlling for the other socio-economic characteristics of individual members of these ethnic groups. The signi…cance of ethnicity may imply
therefore that ethnic group leaders can be targeted to in‡uence norms.
Further research in this area might consider relaxing the assumption that endogenous and exogenous e¤ects are additive; an argument might be made that they
are multiplicative. This extension would allow us to capture that component of individual utility attributable to a fertility choice that is dependent upon the fertility
choices of others, and which for example, varies as a function of the mean level of
education in the cluster. For example, some groups with, on average, lower levels of
education, might be more ’conformist’ than others with respect to fertility norms.
So we might want to ask ’Will the Kamba who have lower education levels, also
be more ’amenable’ to norm-guided behaviour than the Kikuyu, who have higher
education?’ This obviously suggests a more complex form of interaction, but, as we
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see it, this would be a potential avenue for future research in this area.
Nevertheless, the key conclusion of our research is this: if we wish to make the
issue of population control in poor countries like Kenya a thing of the past, then
we need to understand the contemporary dynamics of social groups with respect to
fertility, and respond to them accordingly. Conceptualised in this way, we believe
that operationalising the use of the social interactions methodology for identifying
e¤ects on fertility behaviour that are important over and above the individual’s
characteristics, is going to be paramount for policy. Until then, population control
in developing countries such as Kenya will not be history.
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Table 1: Children Ever Born (CEB) by Region and Ethnicity, Kenya DHS Sample
1993

Region
Eastern Nyanza

E
CEB

E
CEB

2.933

3.296

3.126

3.800

-

2.729

2.799

2.000

2.983

5.333

2.491

2.438

0.000

2.716

2.625

8.500

2.687

2.803

2.135

3.000

3.538

3.352

3.272

3.176

3.078

3.100

1.958

2.500

3.745

3.091

3.114

3.469

3.333

0.438

2.667

1.600

2.880

1.333

0.800

-

2.744

2.705

-

0.500

3.078

1.500

-

-

1.000

3.062

2.967

1.692

2.512

2.865

2.829

3.310

3.224

3.271

2.983

-

-

-

Nairobi

Central

Coast

Rift
Valley

Western

Kalenjin

1.750

8.000

9.000

0.333

4.600

3.303

Kamba

1.688

3.714

2.619

2.842

2.000

Kikuyu

1.682

2.498

1.735

2.091

Kisii

1.308

1.667

4.000

Luhya

1.967

2.100

Luo

1.862

Meru/Embu

Ethnicity

Miji/Swa
R
CEB
R
CEB

1.833

2.405

2.840

2.816

3.232

3.048

3.168

E
CEB

(

E
CEB )

denote, respectively, mean (variance) of CEB by ethnicity.

R
CEB

(

R
CEB )

denote, respectively, mean (variance) of CEB by region.

denotes a zero cell count. See Table 5.
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Table 2: CEB by Region and Ethnicity for Various Age Groups

CEB
15-19

20-24

25-29

Age Group (years)
30-34 35-39 40-44

0.11
0.17
0.31
0.15
0.24
0.27
0.20

0.93
1.03
1.28
1.20
1.46
1.38
1.44

1.81
1.93
2.57
2.61
3.19
3.12
3.00

2.38
3.28
3.87
4.02
4.99
4.54
4.82

3.51
4.38
5.17
5.00
5.97
5.90
6.09

3.95
5.63
6.34
6.31
7.32
6.95
7.13

5.12
6.33
6.78
6.75
7.59
7.71
7.35

4.49
5.92
6.53
6.51
7.46
7.25
7.23

1.69
2.51
2.86
2.83
3.31‘
3.22
3.27

Kalenjin
Kamba
Kikuyu
Kisii
Luhya
Luo
Meru/Embu
Miji/Swa

0.27
0.17
0.18
0.09
0.21
0.36
0.10
0.30

1.39
1.21
1.00
1.15
1.40
1.67
1.05
1.35

3.36
2.62
1.93
2.89
2.93
3.11
2.41
2.80

4.90
3.95
3.27
4.20
4.58
4.85
3.64
4.24

6.12
4.88
4.38
5.49
5.70
6.25
4.90
5.38

7.27
6.14
5.60
6.67
6.91
7.51
6.25
6.60

7.80
6.60
6.34
7.67
7.39
7.60
6.84
6.77

7.48
6.34
5.91
6.99
7.10
7.56
6.52
6.68

3.30
2.73
2.49
2.69
3.18
3.47
2.74
3.06

ALL Regions/Ethnicities

0.22

1.29

2.75

4.22

5.44

6.61

7.11

6.83

2.98

Region
Nairobi
Central
Coast
Eastern
Nyanza
Rift Valley
Western

45-49

50-59

ALL

Ethnicity
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Table 3: Mean Education (Years) by Region and Ethnicity.

Region
Eastern Nyanza

Nairobi

Central

Coast

Ethnicity
Kalenjin

13.5

0.0

7.0

7.3

Kamba

9.2

4.9

6.9

Kikuyu

9.5

7.9

Kisii

10.5

Luhya

E
ED

Rift
Valley

Western

7.0

6.5

7.0

6.5

6.7

8.5

6.6

-

6.9

9.6

8.7

7.7

7.4

6.7

8.1

6.0

5.5

12.0

6.8

6.7

6.0

6.9

8.7

6.8

8.4

9.6

6.0

6.0

7.1

7.0

Luo

8.7

6.7

8.2

8.8

5.9

6.9

8.1

6.3

Meru/Embu

8.9

8.2

7.2

6.5

10.0

8.6

-

6.6

-

11.0

5.1

4.0

-

-

6.0

4.2

9.2

7.8

5.1

6.7

6.3

6.6

7.1

6.7

Miji/Swa
R
ED

Note:

R
ED

(

E )
ED

denotes mean years of education by region (ethnicity).

denotes zero cell count.
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Table 4: Distribution of the Sample by Region and Ethnicity

Region
Eastern Nyanza

Nairobi

Central

Coast

Rift Valley

Western

ALL

4
(1.0)

1
(0.1)

1
(0.1)

3
(0.3)

5
(0.4)

1272
(67.6)

30
(3.6)

1316
(18.1)

Kamba

80
(20.7)

7
(0.9)

84
(10.0)

672
(57.3)

2
(0.1)

10
(0.5)

0
(0.0)

855
(11.7)

Kikuyu

154
(39.9)

741
(94.6)

34
(4.0)

22
(1.9)

3
(0.2)

298
(15.8)

3
(0.4)

1255
(17.2)

Kisii

13
(3.4)

3
(0.4)

2
(0.2)

2
(0.2)

559
(40.7)

64
(3.4)

2
(0.2)

645
(8.9)

Luhya

61
(15.8)

10
(1.3)

37
(4.4)

7
(0.6)

52
(3.8)

179
(9.5)

771
(91.6)

1117
(15.3)

Luo

58
(15.0)

10
(1.3)

48
(5.7)

4
(0.3)

749
(54.6)

55
(2.9)

35
(4.2)

959
(13.2)

Meru/Embu

16
(4.1)

9
(1.1)

10
(1.2)

460
(39.2)

3
(0.2)

5
(0.3)

0
(0.0)

503
(6.9)

Miji/Swa

0
(0.0)

2
(0.3)

628
(74.4)

2
(0.2)

0
(0.0)

0
(0.0)

1
(0.1)

633
(8.7)

386
(100.0)

783
(100.0)

844
(100.0)

1172
(100.0)

1373
(100.0)

1883
(100.0)

842
(100.0)

7283
(100.0)

Ethnicity
Kalenjin

ALL
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Table 5: Ideal Number of Children. Unwanted Fertility

15-19

20-24

Age Group (years)
25-29 30-34 35-39 40-44

45-49

All
Ages

UWF
All Ages

Region
Nairobi
Central
Coast
Eastern
Nyanza
Rift Valley
Western

2.85
2.65
3.68
3.39
3.54
3.89
3.81

2.65
2.60
3.92
3.24
3.67
3.65
3.59

2.94
2.84
4.02
3.30
4.06
3.76
3.85

3.00
3.28
4.35
3.22
4.53
4.18
4.36

3.47
3.67
5.24
3.73
4.71
4.76
4.65

3.21
3.60
5.59
4.13
5.47
4.81
5.63

3.69
3.98
6.38
4.16
5.52
5.22
4.80

2.95
3.06
4.36
3.49
4.17
4.1
4.15

-1.26
-0.56
-1.69
-0.66
-1.00
-0.93
-1.05

Ethnicity
Kalenjin
Kamba
Kikuyu
Kisii
Luhya
Luo
Meru/Embu
Miji/Swa

4.04
3.34
2.77
3.29
3.73
3.67
3.29
3.96

3.75
3.31
2.65
3.39
3.65
3.68
3.02
4.24

3.96
3.50
2.89
3.92
3.79
3.90
2.86
4.32

4.40
3.35
3.26
4.29
4.23
4.31
3.03
5.10

4.81
4.09
3.92
4.38
4.41
4.91
3.41
5.45

4.99
4.08
4.06
5.28
5.19
5.22
4.02
6.03

5.36
4.48
4.18
4.71
4.83
5.66
3.92
6.49

4.24
3.6
3.16
3.96
4.05
4.18
3.27
4.72

-0.98
-0.86
-0.73
-1.17
-1.01
-0.89
-0.51
-1.90

All Regions/Ethnicities

3.54

3.44

3.62

3.93

4.43

4.78

4.94

3.87

-0.97

UWF - unwanted fertility.
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Table 6: Children Ever Born.
Total Children
ever Born

Frequency

Percentage

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

1568
777
693
563
540
436
440
309
246
196
128
49
34
10
3
2

26.16
12.96
11.56
9.39
9.01
7.27
7.34
5.16
4.10
3.27
2.14
0.82
0.57
0.17
0.05
0.03

43

Table 7: Parameter Estimates: Baseline Poisson Model
b

e

Central
Coast
Eastern
Rift Valley
Nyanza
Cluster Level Controls
Media access
Water (nat. source)
Water (piped in HH)
Water (public source)
Electricity (younger)
Electricity (older)

b

-0.174
-0.025
-0.057
-0.009
0.003

0.840
0.975
0.945
0.991
1.003

0.001
0.743
0.429
0.791
0.952

-0.008
-0.114
-0.235
-0.177
0.001
-0.022

0.925
0.892
0.791
0.837
1.002
0.978

0.180
0.423
0.094
0.245
0.970
0.643

Household Level
Iron roof
Tiled roof
Other roof
Wood ‡oor
Tiled ‡oor
Cement ‡oor
Has radio
Has TV
Has telephone
Has bicycle

-0.049
-0.266
0.011
-0.069
-0.073
-0.049
0.015
-0.084
-0.044
-0.016

0.953
0.767
1.011
0.933
0.930
0.952
1.015
0.919
0.957
0.984

0.004
0.023
0.932
0.362
0.632
0.020
0.348
0.003
0.378
0.322

p-value
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Table 7 continued
b

e

Individual Level
Age
Age2
Primary Education (younger)
Primary Education (older)
Secondary Education (younger)
Secondary Education (older)
Higher Education (younger)
Higher Education (older)
Listens to radio (younger)
Listens to radio (older)
Resident since 1993

b
0.389
-0.005
0.026
0.042
-0.245
-0.040
-0.456
-0.224
-0.003
-0.010
-0.038

1.476
0.995
1.026
1.043
0.783
0.961
0.634
0.799
0.996
0.990
0.963

0.000
0.000
0.307
0.137
0.000
0.303
0.000
0.002
0.680
0.646
0.094

Ethnic E¤ ects
Kalenjin
Kamba
Kisii
Luhya
Meru Embu
Miji_swah
Luo

0.097
0.006
-0.021
0.095
-0.005
0.030
0.139

1.102
1.006
0.979
1.100
0.994
1.030
1.150

0.024
0.927
0.731
0.054
0.939
0.730
0.020

-Ln L = 9607.8

p-value
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Table 8: Parameter Estimates: Zero In‡ated Poisson Model with Social Interactions
b

e

Central
Coast
Eastern
Rift Valley
Nyanza

b

0.279
-0.175
-0.207
-0.048
-0.013

0.757
0.840
0.813
0.953
0.987

0.000
0.001
0.000
0.077
0.670

Endogenous E¤ ects: Cluster-level
Ce;cl Ci
Kalenjin (younger)
Kalenjin (older)
Kamba (younger)
Kamba (older)
Kikuyu (younger)
Kikuyu (older)
Kisii (younger)
Kisii (older)
Meru-embu (younger)
Meru-embu (older)
Mijikanda-Swahili (younger)
Mijikanda-Swahili (older)
Luhya (younger)
Luhya (older)
Luo (younger)
Luo (older)

0.065
0.012
0.068
0.001
0.100
0.010
0.042
0.034
0.044
0.002
0.050
0.051
0.060
0.014
0.080
0.001

1.067
1.012
1.071
1.001
1.105
1.010
1.043
1.034
1.045
1.002
1.051
1.052
1.062
1.014
1.084
1.001

0.000
0.248
0.000
0.935
0.000
0.435
0.012
0.005
0.047
0.874
0.064
0.014
0.000
0.015
0.000
0.905

Exogenous E¤ ects: Cluster-level
Ee;cl
Kalenjin (younger)
Kalenjin (older)
Kamba (younger)
Kamba (older)
Kikuyu (younger)
Kikuyu (older)
Kisii (younger)
Kisii (older)
Meru-embu (younger)
Meru-embu (older)
Mijikanda-Swahili (younger)
Mijikanda-Swahili (older)
Luhya (younger)
Luhya (older)
Luo (younger)
Luo (older)

0.657
0.470
0.187
0.017
-2.250
-0.980
-1.670
-0.158
-2.083
0.529
0.251
0.569
-0.465
-0.605
0.777
-2.009

1.928
1.600
1.205
1.017
0.105
0.375
0.189
0.853
0.124
1.697
1.285
1.767
0.628
0.546
2.174
0.134

0.189
0.517
0.148
0.928
0.001
0.212
0.289
0.800
0.100
0.385
0.571
0.109
0.297
0.339
0.229
0.132

p-value
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Table 8: (continued)

b

e

Cluster-level Controls
Media accesss (radio)
Electricity (younger)
Electricity (older)
Water (nat. source)
Water (piped into HH)
Water (public source)

b
-0.114
0.051
-0.017
-0.111
-0.172
-0.100

0.892
1.052
0.983
0.895
0.842
0.905

0.039
0.277
0.641
0.422
0.213
0.493

Household Level
Polygyny (younger)
Polygyny (older)
Usual Resident (younger)
Usual Resident (older)
Iron roof
Tiled roof
Other roof
Wood ‡oor
Tiled ‡oor
Cement ‡oor
Has radio
Has TV
Has telephone
Has bicycle

-0.024
-0.031
0.049
-0.113
-0.058
-0.330
0.016
-0.090
-0.016
-0.050
0.012
-0.091
-0.047
-0.018

0.976
0.970
1.051
0.893
0.943
0.719
1.016
0.914
0.984
0.951
1.012
0.914
0.954
0.983

0.481
0.344
0.297
0.014
0.000
0.001
0.913
0.206
0.891
0.011
0.425
0.001
0.283
0.261

Individual Level
Age
Age2
Primary Education (younger)
Primary Education (older)
Secondary Education (younger)
Secondary Education (older)
Higher Education (younger)
Higher Education (older)
Listens to radio (younger)
Listens to radio (older)
Resident since 1993 (younger)
Resident since 1993 (older)

0.448
-0.005
-0.058
0.014
-0.477
-0.095
-0.674
-0.327
0.017
-0.014
-0.012
-0.108

1.567
0.994
0.943
1.014
0.620
0.909
0.509
0.722
1.012
0.986
0.988
0.898

0.000
0.000
0.096
0.545
0.000
0.001
0.000
0.001
0.169
0.158
0.626
0.020

p-value
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Table 8: (continued)

In‡ation Sub-Model
Kalenjin
Kamba
Kisii
Luhya
Meru-embu
Miji-Swah
Luo
-Ln L = 9453.4
Vuong Test Statistic

3.60

b

b

e

0.932
0.715
-10.130
1.286
-10.416
0.665
2.084

2.541
2.045
0.000
3.618
0.000
1.944
8.040

(p = 0.000)

p-value

0.434
0.580
0.000
0.272
0.000
0.653
0.068

