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Abstract

This paper deepens the empirical analysis of peer networks by considering simultaneously their effects smoking

participation and smoking intensity. Peer network is key in determining the smoking behaviour of youths, but

the magnitude of the effects is still debated, questioned and inconclusive. I used a control function approach,

a two-step least square and the fixed effect method to address the potential endogeneity of peer network. The

results suggest positive and significant peer effects on smoking participation and intensity. While the magnitude

of the estimates of smoking participation varies across methodological approaches (ranging between 4 and 20

percent), that of smoking intensity ranges between 3 and 22 percent. Including older adults in the peer reference

group increases the peer effects. The findings suggest that policies (excise tax) that directly affect the decision

to smoke and the smoking intensity of the peer reference group are likely to affect own smoking behaviour.
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1 Introduction

Cigarette smoking, an avoidable risk factor associated with cancer and other related heart diseases, is one of the

leading causes of preventable and premature deaths each year (McVicar, 2011; Silles, 2015). Globally, over five

million premature deaths in 2000, over six million in 2014, and an anticipated eight million by 2030 are smoking-

related (Ezzati and Lopez, 2003; WHO, 2015). A policy option that can help reduce future smoking-related deaths

should therefore focus on reducing the prevalence of smoking, especially among youths, since adolescent smoking

is a strong predictor of smoking addiction (Pierce and Gilpin, 1996; Merline et al., 2004). A considerable body of

research has shown that peers and peer relationship is a primary factor that influence cigarette smoking (Norton

et al., 1998; Kobus, 2003; Powell et al., 2005). While empirical studies have consistently provided evidence of

significant peer effects on smoking decisions (Ennett and Bauman, 1993; Norton et al., 1998), the magnitude of peer

influence on smoking decisions and alcohol consumption is still debated, questioned and not yet conclusive (Valente

et al., 2005; Fowler and Christakis, 2008). This follows from the three interpretations of peer effects offered in

Manski (1993) and Manski et al. (2000), namely, the endogenous effects, exogenous effects and correlated effects1.

∗I appreciate funding of the research by the Economics of Tobacco Control Project hosted by the South African Labour and
Development Research Unit (SALDRU) at the School of Economics, University of Cape Town. I would also like to thank Corne Van
Walbeek, Hana Ross and Justine Burns for their constructive comments and suggestions. I am also grateful for the valuable comments
and suggestions received from the editor, Jan Van Heerden and the anonymous reviewer of the Economic Research Southern Africa
(ERSA) working paper series.
†Post-doctoral Research Fellow, School of Economics, University of Cape Town, Tel: +27 61 275 8436, Email: kch-

muk001@myuct.ac.za
1In practice, it is empirically difficult to varify the effects peers exert on each other’s substance use behaviour (Eisenberg, 2004). The

difficulty stems from the problem of separating the impact of peer behaviour on own behaviour (endogenous effects), from the impact
of peer characteristics (contextual or exogenous effects) and/or correlated unobservable factors (correlated effects) on own behaviour
(Manski, 1993).
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With the identification challenges pointed out in Manski (1993), recent studies have tried to purge the biases from

peer effect estimates (Krauth, 2005; Powell et al., 2005; Nakajima, 2007; Fletcher, 2010; Duarte et al., 2014; McVicar

and Polanski, 2014).

Some of these studies find positive and significant peer effects (Powell et al., 2005; McVicar, 2011; McVicar and

Polanski, 2014), but others argue that peer effects of substance use are weaker than identified in previous studies

(Krauth, 2007; Duarte et al., 2014) or even insignificant (Soetevent and Kooreman, 2007). According to McVicar

and Polanski (2014), while such research have used numerous econometric techniques to provide evidence of peer

pressure on cigarette smoking, focus has been limited on less relevant reference groups. For instance, studies of peer

effects in adolescent tobacco use rely on readily available school-based survey data, and uses the school, school grade

or class as the reference group. The question is whether or not there are alternative measures of peer networks, as

these studies are silent on the behaviour that takes place outside the school environment (non - school peers)2. The

identified peer effects from school-based survey data does not allow us to make generalisations of peer effects at

national level, and hence national policies to reduce peer influence on smoking are made difficult. In addition, there

is no evidence of peer influence on the intensity of smoking (the average number of cigarettes smoked by smokers)

and what happens to adolescent peer effects when adults (above 24 years) are considered as part of their reference

group. Finally, there is little evidence of peer effects on smoking in the context of developing countries, especially

in Sub-Saharan Africa, where there is limited survey data on people’s smoking behaviour.

In this paper I deepen the empirical analysis of peer effects on cigarette smoking decisions by considering, simulta-

neously their effects on the decision to smoke and on smoking intensity in South Africa. Building on the existing

findings, I extend my analysis by introducing a new approach for measuring peer networks, and using a national

representative panel data that permit the use of a broader and a more relevant reference group. The main focus

is on individuals aged between 15 and 24 years. To check for sensitivity of the results, older adults are included.

Cultural differences between countries may determine the extent to which smoking behaviour is influenced by peers

(Gibbons et al., 1995). For instance, a study in the Netherlands finds no peer effects (see (Soetevent and Koore-

man, 2007)), while studies from the United States (US) and other European countries have demonstrated large,

significant and positive peer effects on smoking behaviour of youths (see (Gaviria and Raphael, 2001; Powell et al.,

2005; McVicar, 2011; McVicar and Polanski, 2014)). The question is, to what extent do the differences in peer

effects reflect differences in methods, and to what extent does it reflect actual differences in peer effects across

countries? McVicar (2011) argue that country specific case studies are essential, since the extent to which peer

effect estimates for one country can be generalised to other countries has not been established and the magnitudes

are still questionable and debatable.

If a peer can influence the smoking decision of others, interventions that reduce that peer’s propensity to smoke will

spread to his/her peers (Ali and Dwyer, 2009). However, robustly and accurately identifying peer effects estimates

for policy intervention on smoking-related behaviour requires disentangling peer influence from spurious unobserved

factors associated with peer selection. According to Fletcher (2010), policies that take advantage of peer effects may

only achieve the desired objective if the common underlying attributes of the reference group drive behaviour more

than the peer influence. The measure of peer in this paper is drawn not only from proximity in terms of geography,

as has been the norm in the literature, but also from individuals who speak the same home language (ethnicity).

This allows for the identification of the differences in the effects that could be exerted by different compositions of

2Peer effects are externalities that occur when the action of a reference group affect the behaviour of others (McVicar and Polanski,
2014). Such effects have been studied in the context of labour market decisions (Oreopoulos, 2003; Burns et al., 2010), education
(Parker, 2012; Vardardottir, 2013; Chou et al., 2015), welfare participation (Bertrand et al., 2000; Dahl et al., 2014), health outcomes
(Deri, 2005; Kwon and Jun, 2015; Mukong and Burns, 2015) and smoking habit (Powell et al., 2005; Nakajima, 2007; McVicar, 2011;
McVicar and Polanski, 2014; Duarte et al., 2014). In the context of smoking habit, the considered reference group exclude the external
environment (mostly the community that might have had greater influence on smoking behaviour) of the child (McVicar and Polanski,
2014)).
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the reference groups (like cultural differences). I use a fixed effect and a control function (CF) approach to purge

the potential biases emanating from peer effect estimates. This approach allows for a simple test of endogeneity

of peer network and is more robust than the two-stage least square (2SLS) when instrumenting in a binary choice

models.

The remainder of the paper is organised as follows: Section 2 describes the relevant institutions. Section 3 reviews

theoretical insights of peer networks. Section 4 presents the data and descriptive statistics while Section 5 describes

the empirical strategy. Section 6 presents the empirical results and Section 7 concludes the paper.

2 The Institutional Context

There is a delay between smoking initiation and the onset of smoking-related diseases. While reduction in smoking

prevalence may be regarded as a short-term goal for a tobacco control policy, the long-term benefit is an improvement

in public health outcomes. In South Africa, smoking is still a significant problem affecting health. The Cancer

Society of South Africa reported in 2013 that 44000 of all deaths each year are from tobacco-related diseases. This is

with inspite of the drastic decline in cigarette smoking that emanates from legislative steps and tax/price increases

that aim to discourage tobacco consumption since the democratic transition in 1994 (see (van Walbeek, 2002; Bosch

et al., 2014)). The decline in tobacco consumption is driven by reduction in smoking rates across specific population

groups, gender, age cohorts, regions and income groups (Groenewald et al., 2007).

Before the 90s, tobacco tax increases was the main focus of government policy intervention (Asare, 2009) and since

the early 90s, there have been extensive regulatory reforms concerning tobacco consumption. This includes an

increase in excise tax, limits on public smoking and strict control over advertising (Van Walbeek, 2004; Boshoff,

2008). For instance, the Minister of Health in the early 90s was given power to restrict smoking in certain public

places, to illegalise the selling cigarettes to children under the age of 16 years and to force cigarette advertising to

carry health warnings (Leaver, 2002). The largest of these policies was the Tobacco Products Control Amendment

Act (TPCAA) in 1999. The 1999 Tobacco Products Control Act (TPCA) amended the 1993 TPCA by prohibiting

the advertisement and promotion of tobacco products, the free distribution of tobacco products and the receipt

of gift or cash prices in contests, lotteries or games to the buyer of tobacco products. The existence of these

policies sparked research on the economics of tobacco in South Africa, with particular focus on price sensitivity

(Van Walbeek, 1996, 2000; Abedian and Jacobs, 2001).

To keep to the recent requirements of the World Health Organisation Framework Convention on Tobacco Control

(FCTC), the government has further strengthened its tobacco control policies by introducing new and non-tax

policies in 2007 and 2008. The policies include, increases smoking fines, illegalisation to smoke in a car with children

under the age of 12 years and warning pictures on cigarette packs (Government, 2007). While there is evidence of

how price changes among others explains smoking behaviour in South Africa, existing cultural differences across

region is a call for concern for more local studies to identifying the effects of peer network on tobacco consumption

in South Africa.

The study of peer networks on smoking behaviour in South Africa is motivated by several interesting facts. First,

the smoking prevalence levels and trends by demographic characteristics (age, race, and gender) and geography

(province) has been consistently different since the early 90s. For instance, since 1993, the Western Cape and the

Northern Cape has recorded the highest level of cigarette consumption with Limpopo and Mpumalanga having

the lowest rates (van Walbeek, 2002). See Figure 1 for recent evidence from our data. In addition, the highest

smoking prevalence is found to be in more affluent provinces and those with relatively high population of coloured

people (van Walbeek, 2002). Finally, the majority of smokers initiate smoking at the adolescent age, suggesting the
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likelihood of peer network effects. Rather than rely on intuitive assumptions or on evidence from other countries

with different cultural and demographic settings, this paper attempts to tease out these effects in the context of

South Africa.

3 Theoretical Perspectives.

There are several theoretical frameworks that explain the process through which social interaction influence an

individual’s risky behaviour, especially in terms of alcohol consumption, drug and tobacco use. A number of these

perspectives include social learning theory (Akers, 1977; Simpson, 2000), the social identity theory (Abrams and

Hogg, 1990), primary socialisation theory (Oetting and Donnermeyer, 1998), social network theory (Granovetter,

1973; Wasserman and Faust, 1994), the social bonding theory (Hirschi, 1969), a general theory of reasoned action

(Fishbein and Ajzen, 1975), peer cluster theory (Oetting and Beauvais, 1986), the triadic theory of influence (Ajzen,

1985), and the social development theory (Hawkins and Weis, 1985). This paper draws on the social learning,

primary socialisation, social identity and the social network theories. These theories explain social processes, such

as friend selection, interpersonal influence and behaviour imitation, and provide unique insights in understanding

tobacco use effects of peer network (see (Kobus, 2003)).

In the social learning theory, cognitive mediation is considered essential in the acquisition and maintenance of

smoking behaviour (Akers, 1977; Simpson, 2000). In this perspective, behaviours are learned by observing others

involved in a similar behaviour. Here, the direct influence of parents and peers are considered as the primary social

factors, while the media and indirect reference groups are regarded as secondary social factors. More intimate

relationships that occur in youths’ early experiences are crucial in their social learning process than those that

come later in their lives. In terms of tobacco consumption, youths are regarded as being most likely to imitate

smoking behaviour of their close contacts. The theory, therefore, predicts that social learning on substance use can

progress to frequent or sustained patterns, to the extent that even negative sanctions and unfavourable definitions

of tobacco, such as the negative health consequences may not offset the decision to smoke.

The primary socialisation theory is a reformulation of peer cluster theory of drug initiation (Oetting and Beauvais,

1986; Oetting and Donnermeyer, 1998). The theory identifies that the family and peer clusters are the primary

contexts through which norms and behaviours are learned. Because the media and local institutions influence

families and peer clusters, they are regarded to have an indirect influence on norms and behaviours. It underscores

that rational bonds between individuals, their family as well as peers are important in transmitting information

about norms and behaviours. One argument is that individuals are unlikely to engage in substance use (drugs,

alcohol and tobacco), if the bond between them and their families are pro-social and strong (Hirschi, 1969). On the

other hand, the influence of peer cluster is heightened if the bond between individuals and their families are weak,

especially if the cluster promote substance use. In this regard, peers are considered a main source of substance use.

The social identity theory focuses on an individual’s self-concept as a group member and distinct social groups

(Abrams and Hogg, 1990). For instance, in the context of self-concept, individual characteristics matters, whereas

in the social categorisation, the characteristics of the group play an important role. Individuals are expected to act

according to their personal norms if their personal identity is significant, but act in accordance with the group, if

the social identity is important. The theory does not consider the similarities among group members as a source

of social pressure, but rather assumes that members adopt those norms and behaviours central to the group. For

example, it considers that the smoking habits of members of the group are likely to be similar if smoking status is

central to the social identity of the group.

The social network theory builds on the interdependence between individuals and the existing rationale between

individuals in a social system or a targeted population identified by specific boundaries, such as a school, classroom
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and neighbourhood setting (Wasserman and Faust, 1994). The theory assumes that individuals interact with each

other and serve as a significant reference point in each other’s decision-making, leading to transfer of information

and resources. The attitude, perception and behaviour of an individual in the network are influenced by his/her

location and pattern of relations with others in the network. The theory has been used to examine the way smoking

norms might be communicated within and transmitted across the system. It considers two types of individuals,

those central (highly connected) and those marginal (loosely connected) to the system (Kobus, 2003). While the

former is more likely to adopt non-controversial issues, the latter is more likely to adopt controversial issues such

as smoking (Granovetter, 1973). The theory suggests the need to consider a larger social system in understanding

peer network on tobacco use (Kobus, 2003).

Each of these theories provides a framework for understanding social processes and youths’ decision to engage in

risky behaviour like cigarette smoking. The theories differ in specific social and cognitive processes they present, but

they all place importance on the type of peers with whom individuals interact. Explicitly, considering other factors,

each of these theories suggests directly or indirectly that the norms and behaviour of an individual’s (especially

teenagers) peers are imperative in determining behaviour. That is, teenagers are more likely to smoke if their peers

smoke and reinforce smoking behaviour, but less likely to smoke if their primary contacts (the family) are non-

smokers. Each theory provides a unique contribution to the understanding of peer network on individual behaviour.

While social learning theory highlights mechanism of social influence, the primary socialisation theory points to

the importance of individual characteristics and rational bonds between individuals and their family and peers.

The social identity theory points to group comparison and adoption of social identity, and social network theory

highlights the importance of location in the system and pathway of information exchange. Most studies on peer

network do not specify the theoretical perspectives guiding the research and the assumptions for selecting variables.

These theoretical perspectives, when woven together, provide a more comprehensive framework for studying peer

network on cigarette smoking. They give a clearer picture on the aspects of peer influence, and when and how this

influence affect individual as well as the group smoking behaviour.

4 Data and Descriptive Statistics

The analysis is based on the National Income Dynamic Survey (NIDS), which is the first nationwide set of panel

survey data designed to track changes in the well-being of South Africans over time. The data provides information

on a representative sample of households and their members living across the country. It combines household-level

interviews with questionnaires addressed to both adults (aged 15 or older) and children in the household. In this

paper I only consider information of adult household members, as there is no information on the smoking behaviour

of teenagers. Currently, there are three waves available. The first wave, completed in 2008, provides information on

7,236 households with 16,781 adult individuals. The second wave was conducted in 2010 on 9,734 households with

21,880 adults. The third wave, carried out in 2012, provides information on 10,236 households with 22,481 adult

individuals. All of the surveys collect detailed information on household and individual demographic characteristics,

asset ownership and debt, household expenditure and consumption, intra-household decision-making and sources

of income.

The adult questionnaires collected information on individual smoking behaviour. This includes whether or not

the individual smokes cigarettes and whether or not he/she ever smoked cigarettes regularly. Both smokers and

ex-smokers were asked the age at which they first smoked cigarettes and only ex-smokers were asked when they

last smoked cigarettes regularly. Finally, individuals were asked to indicate on average the number of cigarettes

they smoke per day. In this analysis, I identify peer effects only on two of these questions, namely, the individual’s

decision to smoke and the average number smoked daily. For peer effects on the decision to smoke, I limit the
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sample to all adults between the ages 15 and 24. However, I further control for older adults (at most aged 45)

to demonstrate how their inclusion affects the peer effect estimates. For peer effects on the average number of

cigarettes smoked daily, I constrain to all adults between the ages 15 and 45. Surveys weights are used to correct

for any imbalances between sample characteristics and known population parameters.

There are two dependent variables, individuals who currently smoke cigarettes and the average number of cigarettes

smoked per day. For the decision to smoke, the dependent variable is a 0-1 decision to smoke, which is the declaration

of each survey respondent whether or not he/she smokes. I then disaggregate the dependent variable to identify the

effects of peer networks on an individual’s decision to smoke. The second dependent variable is the average number

of cigarettes smoked daily. This is a continuous variable and is restricted only for those whose are current smokers.

The intensity to smoke variable is, therefore, the logarithm of the number of cigarettes an individual smokes daily.

In this paper I test for the presence of peer network effects on cigarette smoking decisions by constructing a variable

that takes into consideration the quality and size (quantity) of the peer network. The quantity of peer network

captures the fact that the larger the number of people who live in close proximity and speak the same language,

the larger the available contacts, that is, people that may influence one’s smoking behaviour3. The quality of

peer network captures characteristics such as cultural differences in beliefs about smoking. Contacts drawn from

high cigarette smoking groups are more likely to have a stronger influence on the decision to smoke and smoking

intensity. The smoking behaviour (the relative proportion of smokers) of a language group provides a measure of

peer network quality4.

In Figure 1, I present a preliminary look at the spatial aspect of the distribution of regional or district smoking

rates in South Africa. This means that one, less than one, and/or greater than one denote a district with a smoking

rate equal to, smaller than, and/or larger than the nationally smoking rate, respectively. The figure immediately

indicates that South Africa is characterised by few districts (or provinces) that have a smoking rates above the

national level, and relatively many districts have smoking rates below the national level (see Panel A of Figure 2 in

the appendix).

In terms of spatial distribution of smoking rate across districts, I find little difference between wave 1 and wave 3

(see Figure 1 and Panel C of Figure 2 for comparison). In addition, the smoking rate in some of the regions are

more than two times higher than the average smoking rate in South Africa. Specifically, the darker the colour a

region is on the map, the higher the smoking rate relative to the national smoking rate. The map depicts that

Western Cape has the highest proportion of smokers relative to the national average. This is immediately followed

by Northern Cape, Free State and Gauteng. Limpopo and Mpumalanga have the lowest rates. This is consistent

with the 1994 and 2002 statistics presented in van Walbeek (2002).

Figure 3 and Panel B of Figure 2 indicate that the number of districts with smoking intensity above the national

average are almost evenly distributed in relation to those with averages below the national average. These findings

are consistent across the waves (see Figure 3 and Panel D of Figure 2 for comparison). As is the case with smoking

rate, the darker the colour a region is on the map, the higher the smoking intensity relative to the national smoking

intensity.

3Evidence suggests that those whose home language is not English in the US interact mainly with others from their language group
(Alba, 1990). In the study of American born White ethnics, Alba (1990) used mother tongue as a determinant of ethnic identity and
showed that half of all non-related childhood friends belonged to the same ethnic groups.

4Language group refers to all individuals in South Africa who speak the same home language
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Figure 1: District smoking rates as a proportion of the national smoking rate
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Notes: Colouring goes from dark, denoting high smoking rate, to light denoting low smoking rate relative to the national average.

WC=Western Cape, EC=Eastern Cape, NC=Northern Cape, FS=Free State, NW=North West, KZN=KwaZulu-Natal, GP=Gauteng,

MP=Mpumalanga and LP=Limpopo

Table 1 reports summary statistics for the sample by individual smoking behaviour, revealing the interesting dif-

ferences between smokers and non-smokers. The results demonstrate that only 20% of the sample are current

smokers and 80% are non-smokers. In terms of smoking intensity, an average smoker in South Africa smokes 9

cigarettes a day. The Coloured and White population have a higher percentage of smokers and a lower percentage

of non-smokers relative to their share of the overall population. In contrast, Africans (Blacks) and Indians have a

lower percentage of smokers and a higher percentage of non-smokers relative to their share in the population as a

whole. For instance, 10% of the overall sample are White, but over 13% of the sample of smokers are White and

the proportion of Coloured in the sample of smokers is twice their proportion in the whole population. In addition,

over 65% of the sample of smokers and 83% of the sample of non-smokers are Africans, relative to their share of

the overall population of 78%. The average age of individuals in the overall sample and that of non-smokers is 37

years relative to 39 years for the sample of smokers.

The proportion of women in the overall sample (52%) is more than double their proportion in the sample of smokers

(22%) but less, relative to the sample of non-smokers (62%). On the contrary, the percentage of men in the sample

of smokers (78%) is greater compared to their share in the sample (48%). Individuals who drink most often have

a higher proportion of those who smoke (31%) and a lower percentage of those who do not smoke (5%) relative to

their share in the entire sample (10%). Individuals with at most some secondary education have a higher proportion

of those who smoke (84%) and a lower proportion of non-smokers (78%) relative to their share in the sample (79%).

The converse holds true for those with some university education.

While non-religious individuals have a larger proportion of smokers (29%) relative to their share in the sample (18%),

Christians have a relatively low proportion of smokers (69%) compared to their share in the entire sample (80%).

Another interesting difference between smokers and non-smokers lies in their ethnicity (measured by language

spoken at home). While those whose home language is Afrikaans, English and Sesotho have a higher proportion

of smokers relative to their share of the population, IsiTsonga, Tshivenda, Siswati, Setswana, Sepedi, IsiZulu and

IsiXhosa speakers have a lower percentage of smokers relative to the share in the entire sample.
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Table 1: Mean statistics for sample by smoking behaviour in wave 3.
Variable All Smokers RPS Non-smokers RPNS

(1) (2) (3) (4) (5) (6) (7) (8)

Individual does not smoke 0.80 (0.40)

Individual smokes 0.20 (0.40)

Average number of cigarette smokied a day 8.53 (6.93)

Age 36.69 (16.17) 38.72 (13.59) 1.06 36.61 (16.66) 1.00

Individual is African 0.78 (0.42) 0.65 (0.48) 0.83 0.83 (0.38) 1.06

Individual is Coloured 0.09 (0.29) 0.20 (0.40) 2.22 0.06 (0.24) 0.67

Individual is Indian 0.03 (0.16) 0.02 (0.15) 0.67 0.02 (0.16) 0.67

Individual is White 0.10 (0.30) 0.13 (0.34) 1.30 0.08 (0.28) 0.80

Individual is female 0.52 (0.50) 0.22 (0.41) 0.42 0.62 (0.48) 1.19

Individual is male 0.48 (0.50) 0.78 (0.41) 1.63 0.38 (0.48) 0.79

Individual does drink often 0.90 (0.30) 0.69 (0.46) 0.77 0.95 (0.22) 1.06

Individual drinks often 0.10 (0.30) 0.31 (0.46) 3.10 0.05 (0.22) 0.50

Individual has no formal education 0.06 (0.24) 0.06 (0.23) 1.00 0.07 (0.25) 1.17

Individual has at most Metric 0.79 (0.41) 0.84 (0.37) 1.06 0.78 (0.42) 0.99

Individual has university education 0.15 (0.35) 0.10 (0.30) 0.67 0.16 (0.37) 1.07

Home language is IsiNdebele 0.01 (0.12) 0.01 (0.10) 1.00 0.01 (0.12) 1.00

Home language is IsiXhosa 0.18 (0.38) 0.16 (0.37) 0.89 0.19 (0.39) 1.06

Home language is IsiZulu 0.25 (0.43) 0.20 (0.40) 0.80 0.25 (0.43) 1.00

Home language is Sepedi 0.11 (0.31) 0.08 (0.26) 0.73 0.13 (0.33) 1.18

Home language is Sesotho 0.09 (0.28) 0.12 (0.33) 1.33 0.08 (0.28) 0.89

Home language is Setswana 0.10 (0.30) 0.08 (0.26) 0.80 0.11 (0.32) 1.10

Home language is Siswati 0.02 (0.15) 0.01 (0.12) 0.50 0.03 (0.16) 1.50

Home language is Tshivenda 0.02 (0.13) 0.01 (0.08) 0.50 0.02 (0.14) 1.00

Home language is IsiTsonga 0.03 (0.18) 0.02 (0.13) 0.67 0.04 (0.19) 1.33

Home language is Afrikaans 0.12 (0.33) 0.23 (0.42) 1.92 0.09 (0.28) 0.75

Home language is English 0.06 (0.25) 0.08 (0.27) 1.33 0.05 (0.22) 0.83

Individual is non-religious 0.18 (0.38) 0.29 (0.45) 1.61 0.15 (0.36) 0.83

Individual is Christian 0.80 (0.40) 0.69 (0.46) 0.86 0.83 (0.38) 1.04

Individual is Muslim 0.01 (0.10) 0.01 (0.08) 1.00 0.01 (0.10) 1.00

Individual is Jewish/Hindu 0.01 (0.12) 0.02 (0.14) 2.00 0.01 (0.12) 1.00

Note; Standard deviation in parentheses. The sample includes all individuals between the age 15 to 45 years. There are two dependent

variables, namely, individual is or is not a smoker and the average number of cigarettes smoked per day. Column (1) presents statistics

for the entire sample of individuals; columns (3) to (5) present statistics for smokers only and columns (6) to (8) present statistics for

non-smoker only. RPS = Relative proportion of the smoking sample as a ratio of the overall sample and RPNS = Relative proportion

of the non-smoking sample as a ratio of the overall sample. If RPS or RPNS is greater than one, it significes that higher percentage of

smokers or non-smokers relative to the share of smokers and non-smoker in the overall population and vice versa.

5 Empirical Strategy

The econometric model for the effects of peer network on the decision to smoke and the smoking intensity of an

individual i from language-district group j at time t (time refers to the various waves) is written as:

Yijt = β0 + β1Nijt + β2Xijt + β3Pijt + β4Ljt + β5Gjt + εijt (1)

Where Nijt is a measure of peer network, which is the product of the size and quality of network5. Xijt represents

individual characteristics and Pijt are household and/or parent characteristics. Ljt is a language dummy that

5The quantity of contact is measured as ln
(

Vjk/Aj

Lk/T

)
, where Vjk measures the number of individuals in district j belonging to

language group k; Aj is the number of individuals in district j; Lkis total number of individuals in the sample that belong to the
same language group; and T is the total sample used in our analysis. It is the case that small districts or language groups will have
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control for unobservable language (ethnic) group specific characteristics common to all individuals having the same

home language (such as ethnic attitude towards cigarette smoking), Gjt is a geography dummy that controls for

district specific characteristics common to all individuals within the same district (such as easy access to cigarettes),

and εijt is the random error term. Yijt is binary outcome variable when modeling the decision to smoke and the

logarithm of number of cigarettes smoked daily in the case of smoking intensity.

The main focus of this paper is on the endogenous effects β1, which explains the extent of peer network on the

smoking decision and smoking intensity of individuals. Positive and significant estimates of peer network (β1)

indicates that any policy that influence an individual’s smoking decision within a reference group will to some

extent affect the smoking behaviour of others in the network (Fletcher, 2010). However, the estimated peer effects

(β1) is likely to be biased, if correlated and contextual effects are not properly controlled (Manski, 1993). The

inclusion of the language group and location (district) fixed effects purge some of the bias resulting from the

correlated unobservable characteristics (correlated effects). The remaining potential bias not accounted for in this

specification results from Manski (1993) reflection problem. The reflection problem emanates from the fact that

the individual himself can affect the behaviour of his/her peers and at the same time the behaviour of his/her peers

influence his own behaviour (source of endogeneity). This poses an identification threat which according to Manski

(1993) the true β1 can only be identified with the use of an instrumental variable approach.

I address the reflection problem by using a control function approach for a dichotomous dependent variable to

provide a causal interpretation to β1. In the control function approach, the endogenous variable is regressed on the

instrumental variable(s) and the other explanatory variables and the residuals are saved. In the second step, a probit

model for an individual’s smoking decision is estimated as a function of the endogenous variable, the exogenous

variables, and the residuals (Wooldridge, 2010)6. This approach is similar to the two-stage least square (2SLS) but

differs in that it allows us to test whether or not the peer network variable is actually endogenous and it provides

consistent estimates (Rivers and Vuong, 1988). However, this hinges on the assumption that the instruments are

exogenous. The challenge identified in most of the literature is getting variables that are correlated with the peer

network and has no direct effect on the individual’s decision to smoke. The characteristics of an individual’s peer

parents will directly affect the smoking behaviour of the peers but not that of the individual (Powell et al., 2005;

Ali and Dwyer, 2009). Following Ali and Dwyer (2009), I expect that the smoking behaviour of the parents of the

peers will directly affects peers’ smoking behaviour, but not the individual’s own smoking behaviour. In addition,

Powell et al. (2005) showed that peer network effects are robust to a set of instruments that draw from measures

of peer parent characteristics such as marital status, education level, and parent-child discussion level.

I use the percentage of peers who have parents who smoke, excluding the individual’s own parents as an instru-

ment7. The intuition is that an individual whose parents smoke are more likely to smoke, but the proportion of an

individual’s peers who have smoking parents will only affect the peer and not the individual. I test for existence

of endogeneity of the peer network measure using the Rivers and Vuong (1988) endogeneity test. According to

Wooldridge (2010), it makes sense to compare the 2SLS estimates of a Linear Probability Model (LPM) with the

small available contacts even if there is full concentration in such districts and within this language groups. Using proportions resolve
the problem of underweighting of small districts as well as small language groups (Bertrand et al., 2000). For the quality of network,
the smoking rate by language group as a ratio of the smoking rate in the entire sample is used. Precisely, it is measured as the mean
deviation of the group’s level of smoking relative to the entire sample. Most literature on peer effects on smoking assume the mean
smoking rate for each peer group k excluding the individual i as a measure of network quality. Bertrand et al. (2000) argue that this
approach introduces bias as it may reflect the unobserved characteristics the individual has in common with others in the group. They
propose the use of relative means.

6The control function approach has some advantages over other nonlinear two-step approaches that appear to mimic the 2SLS
estimation of the linear model. Unlike the control function approach, getting appropriate standard errors is difficult, and simply
inserting fitted values of the endogenous variable from a 2SLS does not provide a formal test for existence of endogeneity. Estimates
from the fitted values approach (2SLS) are not consistent and adding other functional forms of the endogenous variable is cumbersome
and prone to mistakes as the fitted values are strictly limited to the structural equation (Wooldridge, 2010).

7In each group, I identify the proportion of individual i′s peer parents who smoke, excluding the individual i′s own parent.
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average partial effects from the probit model with an endogenous variable. For this reason I compare the 2SLS

estimates of the LPM to the consistent estimates of the control function approach.

6 Empirical Results

Before turning to the fixed effects and the instrumental variable (IV) estimates, the first stage estimates in which

the peer network variable (endogenous variable) is regressed on the instruments and other controls are presented

in Table 2. The results suggest that while the smoking attitude of a peer’s parents smoking has a positive and

significant effect on the peer smoking decision, the educational attainment of a peer’s parents has no significant

influence on the peer smoking behaviour. Using the Sargan and Basmann overid test to check for the validity

of the instruments, I find that the instruments in both cases are over-identified. Rejection of the validity of this

test indicates that these instruments cannot be used simultaneously. However, since the peer parents’ educational

attainment is not significant at the first stage (does not significantly explain peer smoking decision), I exclude this

from our list of instruments and assume peer parent smoking attitude as a valid instrument (see (Ali and Dwyer,

2009)).

Table 2: The first stage results: The effects of peer parents’ smoking and education on peer smoking behaviour
Wave 3 Wave 1

Variables (1) (2) (3) (4)

Percentage of peers whose parent smoke 1.54*** 1.59*** 1.20*** 1.29***

(0.33) (0.25) (0.14) (0.14)

Percentage of peers whose parent with tertiary education 0.68 0.75 -0.27 -0.19

(0.39) (0.46) (0.17) (0.19)

Constant -1.88*** -1.62*** -1.18*** -1.05***

(0.38) (0.35) (0.16) (0.15)

Sargan Overid test (p-value) 0.035 0.001 0.061 0.478

Basmann Overid test (p-value) 0.036 0.001 0.061 0.479

Observations 4,990 4,871 3698 3575

R-squared 0.30 0.31 0.43 0.44

Those with English as home language are excluded No Yes No Yes

Note: Robust standard error are in brackets. Control variables including quadratic of age, race dummy, education dummy, religious

dummy, gender, parent education and smoking behaviour, drinking habit and quantity of contacts. The first stage estimates in columns

(1) and (2) are for wave 3 sample and columns (3) and (4) estimates are for the wave sample. In columns (2) and (4) individuals whose

home language is English are excluded. The first stage estimates are similar across waves. The instruments are percentage of peers

whose parents smoke and the percentage of peers whose parents have some tertiary education. While peer parents smoking behaviour

significantly influence peer smoking decision, peer parents educational attainment does not. * denotes statistical significant at 10%, **

denotes significant at the 5% level, and *** denotes significant at the 1% level.
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Table 3: Regresion etimates of peer network as additional fixed effects are included (aged 15 - 24)
Wave 3 Wave 1

Variables (1) (2) (3) (4) (5) (6) (7) (8)

Contact availability -0.05*** -0.13*** -0.21*** -0.22*** -0.05*** -0.08*** -0.07*** -0.09***

(0.01) (0.02) (0.03) (0.04) (0.01) (0.02) (0.02) (0.01)

Peer network 0.05*** 0.06*** 0.07*** 0.12*** 0.13*** 0.15*** 0.15*** 0.22***

(0.02) (0.02) (0.02) (0.02) (0.04) (0.04) (0.04) (0.01)

Age 0.08** 0.08** 0.08** 0.06 0.08*** 0.08*** 0.08*** 0.07*

(0.04) (0.04) (0.04) (0.04) (0.03) (0.03) (0.03) (0.03)

Age squared -0.00* -0.00 -0.00* -0.00 -0.00** -0.00** -0.00** -0.00*

(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)

Individual is male 0.11*** 0.10*** 0.10*** 0.10*** 0.15*** 0.15*** 0.14*** 0.08***

(0.02) (0.01) (0.01) (0.02) (0.02) (0.02) (0.02) (0.01)

Individual drinks alcohol often 0.32*** 0.31*** 0.30*** 0.29*** 0.24*** 0.24*** 0.25*** 0.32***

(0.04) (0.04) (0.04) (0.05) (0.05) (0.05) (0.05) (0.07)

Individual is Coloured 0.14*** 0.16*** -0.00 -0.11 0.02 0.04 0.06 -0.08

(0.04) (0.05) (0.12) (0.16) (0.07) (0.05) (0.09) (0.10)

Individual is Indian 0.16 0.22* 0.01 -0.16 -0.06 -0.04 0.02 -0.02

(0.13) (0.13) (0.17) (0.20) (0.07) (0.06) (0.09) (0.10)

Individual is White 0.26 0.22 0.06 -0.29 0.19* 0.20** 0.19* -0.04

(0.16) (0.14) (0.18) (0.18) (0.11) (0.09) (0.12) (0.12)

Secondary education 0.06 0.05 0.04 0.07*** 0.00 0.01 0.02 0.14***

(0.05) (0.05) (0.05) (0.02) (0.08) (0.08) (0.08) (0.05)

Tertiary education 0.01 -0.01 -0.02 -0.04 -0.13 -0.10 -0.09 0.09

(0.06) (0.06) (0.05) (0.04) (0.08) (0.08) (0.08) (0.06)

Individual is a christian -0.06*** -0.07*** -0.07*** -0.09*** -0.02 -0.03* -0.03* -0.01

(0.02) (0.02) (0.02) (0.03) (0.02) (0.02) (0.02) (0.02)

Individual is a Muslim -0.12 -0.18** -0.20** -0.21*** -0.06 -0.15* -0.14* -0.05

(0.09) (0.08) (0.08) (0.08) (0.04) (0.08) (0.08) (0.05)

Individual is Jewish/Hindu -0.15 -0.18 -0.20* -0.19 0.10 0.09 0.11 -0.00

(0.13) (0.12) (0.12) (0.13) (0.08) (0.09) (0.08) (0.05)

Parent smoke -0.01 -0.00

(0.02) (0.02)

Parent has college education 0.06* 0.01

(0.03) (0.02)

Constant -0.88** -0.70* -0.09 0.03 -0.86*** -1.07*** -1.23*** -1.29***

(0.37) (0.37) (0.37) (0.38) (0.32) (0.30) (0.31) (0.35)

Observations 5,533 5,533 5,533 3,054 4,579 4,579 4,579 2,417

R-squared 0.28 0.32 0.35 0.47 0.35 0.38 0.39 0.51

District Fixed effects No Yes Yes Yes No Yes Yes Yes

Language group Fixed effects No No Yes Yes No No Yes Yes

Notes: Standard errors are given in parentheses. I use NIDS Wave 1 and Wave 3 of NIDS, and restrict the sample to young adults (aged
15 - 24). Results from wave 3 are presented in columns (1), (2), (3), and (4), and wave 1 in column (5) to column (8). The basic sample
includes all individuals who are between the ages 15 and 24, and who have one of the 11 languages in South Africa as his/her home
language and available information on district of residence. In column (1) and (5), all possible fixed effects are excluded. In column (2)
and (6) district fixed effects are included. In column (3) and (7) both district and language fixed effects are included. In column (4) and
(8) all fixed effects and some parental characteristics are included. The dependent variable for all specifications is a dummy equal to 1
if the respondent’s smokes. The peer network variable is calculated as the product of quantity and quality of contacts. The quantity of

contact is measured as ln
(

Vjk/Aj

Lk/T

)
, where Vjk measures the number of individuals in district j belonging to language group k; Aj is

the number of individuals in district j; Lkis total number of individuals in the sample that belonging to the same language group; and
T is the total sample used in our analysis. It is the case that small districts or language groups will have small available contacts even
if there is full concentration in such districts and within this language groups. Using proportions resolve the problem of underweighting
of small districts as well as small language groups. For the quality of network, the smoking rate by language group as a ratio of the
smoking rate in the entire sample is used. Precisely, it is measured as the mean deviation of the group’s level of smoking relative to the
entire sample. *** Statistically significant at 1% level; ** statistically significant at 5% level, and *statistically significant at 10% level .
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Table 3 presents the peer effects estimates with the district and language group fixed effects controlled for8. The

assumption underlying the results in this table is that peer effects on an individual’s smoking behaviour are exoge-

nous. The unboundedness of the estimated probabilities on the unit interval is considered a serious problem that

may result in biased and inconsistent estimates of the Linear Probability Model (LPM). The potential bias increases

with the relative proportion of LPM predicted probabilities that fall outside the unit interval. Conversely, Horrace

and Oaxaca (2006) argue that if few predicted probabilities lie outside the unit interval, the LPM is expected to be

largely unbiased and consistent. In this case, the use of the LPM is not entirely problematic, since robust standard

errors can commonly be used (see (Paxton, 1999)).

In this paper I find that the proportion of LPM predicted probabilities that lie outside the unit interval ranges

from 0.24 to 0.27 percent for all specifications. So it appears that according to Horrace and Oaxaca, the LPM

estimates are unbiased and consistent. In this case, the LPM is preferred to the probit model, since the latter

suffers computational difficulties in the presence of fixed effects (Bertrand et al., 2000; Deri, 2005; Burns et al.,

2010). For sensitivity, I compare fixed effect estimates from both the LPM and the logit model (see Table 3 and

Panel A of Table 6 for comparison). First, I consider individuals aged between 15 and 24 and display their results

from both waves in Table 3, taking account of parental education and smoking behaviour. Second, I consider

individuals aged between 15 and 45 and the results from both waves are presented in Panel B of Table 6 for

comparison.

It is interesting that the peer network effects on an individual’s decision to smoke remain highly significant across

waves, across different age groupings and after controlling for language group and location unobservationable char-

acteristics. The network effects for age group between 15 and 24 years ranges from 5 to 12 percent in wave 3, and

up to 22 percent when wave 1 is considered (see peer network variable in Table 3)9. The network effects are higher

when older adults (aged 25 to 45) are included as part of the reference group (see Panel B of Table 6). This indicates

that the smoking behaviour of older adults is likely to play a significant role on the smoking behaviour of younger

adults. In addition, the magnitude of peer effects increases with the inclusion of fixed effects. Ali and Dwyer (2009)

and Fletcher (2012) also find larger peer effects in the presence of fixed effects. For peer smoking, the suggestion is

that a unit increase in the peer network variable is associated with a 0.05 to 0.34 increase in the probability of own

smoking and vice versa. By implication, policies that target only the smoking behaviour of younger adults (15 to

24 years) have lower effects than those that cut across all adults (15 to 45 years).

In terms of magnitude, these estimates are close to those obtained by McVicar and Polanski (2014), but far below

those obtained in other studies (see (Powell et al., 2005; Ali and Dwyer, 2009; McVicar, 2011)). The high magnitudes

from these studies are not surprising, since they focus mainly on adolescent who are most likely to imitate the

behaviour of their close contacts. In addition, identifying the estimates of peer effects on adolescent smoking

across 26 European countries, McVicar (2011) showed that peer effects varies significantly across countries. Using

longitudinal data to estimate peer network effects on adolescent smoking, Ali and Dwyer (2009) found a decline in

peer effects 2 years after the first wave, irrespective of the measure of peer network used. My findings confirm to

this, showing a huge decline in peer effects four years after the first wave.

8Adding fixed effects to any binary outcome model (especially the probit) induces bias in the coefficient and standard errors (incidental
parameter bias). In addition, it is near certainty that any probit estimation incorporating a nontrivial number of fixed effects will produce
bias results (Baltagi, 2008). For the use of fixed effects in social sciences, there have been a switch from a standard normal probit to a
logit model. The logit fixed effects is not dissimilar to multiple linear regression in that it filters out the fixed effects (Baltagi, 2008).

9An increase in tobacco prices and the prevalence of tobacco control policies are likely to reduce the magnitudes of peer network
(Powell et al., 2005). They show that there is a potential for social multiplier effects if the literature on peer smoking effect takes into
account the exogenous changes in cigarette taxes and tobacco control policies. Specifically they find that the omission of these variables
reduces peer networks by 0.06. With this evidence, the higher peer network estimates in wave 1 relative to wave 3 are not surprising
given the tobacco control policies introduced between 2007 and 2008 and the rise in prices between 2008 and 2012.
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Table 4: Marginal effects and regression estimates of peer network after controlling for endogeneity
wave 3 Wave 1

Two-step CF IV estimation (2SLS) Two-step CF IV estimation (2SLS)

Variables (1) (2) (3) (4) (5) (6) (7) (8)

Contact availability -0.05*** -0.05*** -0.04*** -0.04*** -0.04*** -0.04*** -0.03** -0.03**

(0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01)

Peer network 0.04*** 0.06*** 0.09*** 0.09*** 0.03 0.06*** 0.05* 0.07**

(0.02) (0.02) (0.02) (0.02) (0.02) (0.02) (0.03) (0.03)

Residuals 0.04** 0.03 0.10*** 0.09***

(0.02) (0.02) (0.02) (0.02)

Parent smoke 0.02** 0.01 0.02** 0.02** 0.04*** 0.03*** 0.05*** 0.05***

(0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01)

Parent has college education 0.01 0.01 0.01 0.01 -0.01 0.01 -0.03 -0.01

(0.01) (0.01) (0.01) (0.02) (0.02) (0.02) (0.02) (0.02)

Individual is male 0.13*** 0.13*** 0.14*** 0.14*** 0.16*** 0.14*** 0.18*** 0.18***

(0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01)

Individual drinks alcohol often 0.13*** 0.12*** 0.30*** 0.29*** 0.17*** 0.14*** 0.35*** 0.36***

(0.01) (0.02) (0.02) (0.02) (0.02) (0.02) (0.03) (0.03)

Age 0.03*** 0.03*** 0.03*** 0.03*** 0.02*** 0.02*** 0.03*** 0.02***

(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)

Age squared -0.00*** -0.00*** -0.00*** -0.00*** -0.00*** -0.00*** -0.00*** -0.00***

(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)

Individual is Coloured 0.06* 0.02 0.06* 0.04 0.11*** 0.07* 0.15*** 0.14**

(0.03) (0.03) (0.04) (0.04) (0.04) (0.04) (0.05) (0.06)

Individual is Indian 0.13*** 0.20*** 0.00 0.06 0.08 -0.04

(0.04) (0.05) (0.00) (0.05) (0.06) (0.30)

Individual is White 0.09*** 0.06** 0.11*** 0.08* 0.07*** 0.04 0.09** 0.02

(0.03) (0.03) (0.04) (0.04) (0.03) (0.03) (0.04) (0.04)

Secondary education 0.01 0.01 0.02 0.01 0.12*** 0.08*** 0.17*** 0.16***

(0.03) (0.03) (0.04) (0.04) (0.04) (0.03) (0.04) (0.04)

Tertiary education -0.03 -0.03 -0.04 -0.04 0.05 0.05 0.09* 0.10**

(0.03) (0.03) (0.04) (0.04) (0.04) (0.04) (0.05) (0.04)

Individual is a Christian -0.04*** -0.04*** -0.05*** -0.05*** -0.01 -0.01 -0.02 -0.02

(0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01)

Individual is a Muslim 0.01 0.00 0.05 0.05 0.03 -0.00 0.07 0.08

(0.04) (0.05) (0.06) (0.06) (0.05) (0.06) (0.07) (0.09)

Individual is Jewish/Hindu -0.14*** -0.17*** -0.06 0.06 0.07 0.07 0.09

(0.05) (0.06) (0.10) (0.05) (0.06) (0.06) (0.08)

Constant -0.40*** -0.39*** -0.54*** -0.51***

(0.07) (0.07) (0.08) (0.08)

Observations 4,990 4,864 4,990 4,871 3,698 3,574 3,698 3,575

R-squared 0.48 0.48 0.38 0.41
Those with English as

home language excluded No Yes No Yes No Yes No Yes

Notes: The instrument used is the percentage of peer whose parents smoke. Standard errors are given in parentheses. Results from
wave 3 are presented in columns (1), (2), (3), and (4), and wave 1 in column (5) to column (8). In column (1), (3), (5), and (7), I
exclude all individuals whose home language is English. Results of column (1), (2), (5), and (6) are obtained from the control function
approach, and those in column (3), (4), (7), and (8) are from the 2SLS approach. The dependent variable for all specifications is a
dummy equal to 1 if the respondent’s smokes. CF =control function approach. * Significant at the 10% level; ** Significant at the 5%
level; and *** Significant at the 1% level.

Individual characteristics are also important in determining the probability of smoking. The probability of smoking

increases with age until aged 25 and men are between 10 and 18 percentage more likely to smoke than women.

Individuals who drink alcohol often are more likely to become smokers than those who do not, or drink occasionally.

Individuals who are Coloured, Indian and White are more likely to smoke relative to their Black counterparts with
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the association highly significant among Coloureds than Whites and Indian. The results suggest that Christians and

Muslims are significantly less likely to smoke than people with traditional or non-religious beliefs. These findings

are similar to that of Ali and Dwyer (2009), who demonstrate that religious individuals have a lower probability of

smoking than non-religious individuals. In general, the results of the LPM are similar to those of the logit model

(see Panel A of Table 6 for comparison).

In Table 4 I present the instrumental variables (IV) estimates derived from different specifications (the two-step

control function approach using a probit model and the Two-Stage Least Square (2SLS)). The different specifications

allow the results to be comparable with previous literature and provide a sensitivity check for the estimates of the

preferred model specification (two-step control function approach). This preferred approach as indicated earlier

provide a test for endogeneity of the peer network. From the first column of Table 4, we can see that the reduced form

residuals from the first step are significant in the structural equation. This indicates the existence of endogeneity of

peer network. Therefore, results of the two-step control function approach, the 2SLS estimates or the fixed effects

estimates are more plausible to the ordinary least square (OLS) estimates.

While it is interesting that the estimated peer effects are statistically significant in both approaches, the magnitude

of the 2SLS estimates are generally larger (0.09 for wave 3 and 0.07 for wave 1) than those of the control function

approach (0.04 for wave 3 and 0.03 for wave 1). In addition, the probability of male smoking increases from 13

percent when the control function approach is used to 14 percent when the 2SLS is used (wave 3). While Whites

are 9 percent more likely to smoke than Blacks in the CF approach, the propensity increases to 11 percent when

the 2SLS is used (see column 1 and 3 for comparison). I further exclude individuals who reported English as their

home language (though English is a home language to some individuals, it is also a medium of interaction common

to almost everyone). The results for the remaining sample are presented in column 2 and column 4, and are not

significantly different from those of the full sample.

As an alternative peer network measure, wave 1 permits a further disaggregation of individuals in a given district

into clusters. This measure can be considered more credible as it is more likely to assign individuals to their actual

contacts than the district level measure. Table 7 reports the results obtain from this new measure of peer network.

As expected, peer effects are generally higher when network size is measured at cluster than at district level. The

peer network estimates for both measures are positive and statistically significant (see Table 3, Panel A of Table 6

and Panel A of Table 7 for comparison).

Table 5 presents the peer network effects on an individual’s daily smoking intensity for both waves. Similarly, the

results suggest a significant peer effects on smoking intensity ranging from 14 to 22 percent in wave 3 and 2 to 3

percent in wave 1. Unlike the decision to smoke, peer effects on smoking intensity are higher in wave 3 than in wave

1. In addition to other controls in the decision to smoke estimation, we include smoking addiction (measured by the

number of years an individual has been smoking cigarettes). The results suggest that smoking intensity increases

with smoking addiction and the inclusion of addiction reduces the magnitude of peer networks.
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Table 5: Regression estimates of peer network as additional fixed effects are included
Panel A: Peer network on individual smoking intensity (Wave 3)

Variables (1) (2) (3) (4) (5) (6)

Contact availability -0.23*** -0.17*** -0.13** -0.22*** -0.15*** -0.12**

(0.04) (0.05) (0.06) (0.04) (0.05) (0.06)

Peer network 0.22*** 0.17*** 0.15*** 0.20*** 0.15*** 0.14**

(0.04) (0.05) (0.06) (0.04) (0.05) (0.06)

Smoking addiction 0.03*** 0.03*** 0.03***

(0.00) (0.00) (0.00)

Constant 0.35 0.42 0.12 0.73** 0.81** 0.43

(0.32) (0.35) (0.42) (0.33) (0.35) (0.42)

Observations 1,926 1,926 1,926 1,844 1,844 1,844

R-squared 0.10 0.12 0.12 0.13 0.15 0.16

District fixed effects No Yes Yes No Yes Yes

Language fixed effects No No Yes No No Yes

Panel B: Peer network on individual smoking intensity (Wave 1)

Variables (1) (2) (3) (4) (5) (6)

Contact availability -0.08*** -0.06** -0.07** -0.08*** -0.07** -0.08***

(0.02) (0.03) (0.03) (0.02) (0.03) (0.03)

Peer network 0.03*** 0.02* 0.03* 0.03*** 0.03** 0.03**

(0.01) (0.01) (0.01) (0.01) (0.01) (0.01)

Smoking addiction 0.02*** 0.02*** 0.02***

(0.00) (0.00) (0.00)

Constant 0.37* 0.39* 0.44 0.60*** 0.66*** 0.71**

(0.20) (0.23) (0.29) (0.21) (0.23) (0.29)

Observations 2,400 2,400 2,400 2,285 2,285 2,285

R-squared 0.11 0.15 0.15 0.12 0.16 0.17

District fixed effects No Yes Yes No Yes Yes

Language fixed effects No No Yes No No Yes

Notes: Standard errors are given in parentheses. Results from the 2SLS estimation are presented in columns (1) to (6). The results in
Panel A obtained from individuals in wave 3, and the results in Panel B are from all individuals in wave 1. In column (1) and (4), all
possible fixed effects are excluded. In column (2) and (5) district fixed effects are included. In column (3) and (6) both district and
language fixed effects are included. The dependent variable is the logarithm of the average number of cigarrette an individual smokes
per day. Control variables include a Control variables including quadratic of age, dummies for race, dummies for education, dummies
for religious, gender, drinking, parental education and parental smoking habit. * denotes statistical significant at 10%, ** denotes
significant at the 5% level and *** denotes significant at the 1% level.

7 Conclusions

In this paper I deepen the empirical analysis of peer effects on cigarette smoking as presented in the literature by

considering simultaneously their effects on the decision to smoke and on the smoking intensity. Because cultural

differences between countries may determine the extent to which smoking decision is influenced by peer (Gibbons

et al., 1995), and since the extent to which peer effect estimates for one country can be generalised to other countries

has not been established (McVicar, 2011), I therefore provided evidence of peer effects on smoking propensities in

South Africa. Specifically, I used a control function approach, a two-stage least square and/or a fixed effects

approach to purge the potential biases from the endogenous peer effect estimates. This allows me to account for the

problems of contextual effects, correlated effects and, simultaneity, identify the extent to which peer effect estimates

rely on methodological approaches. Generally, the results indicate that peer network effects are quite robust to a

series of alternative estimation approaches, measures of peer networks, and different measures of smoking attitude.

The magnitude of the peer effects found here varies with the estimation approach, ranging from 4 percent for the

control function approach (see Table 4) to around 22 percent for the fixed effects estimation approach (see Table 3).
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In addition, the estimates of peer effects are larger when age group 15 to 45 is considered than when 15 to 24 is used.

Since the same data set and samples are used across the different methodologies, the differences in the magnitude

of estimates may be readily interpreted as cross-method. It could also be as a result of age group variation in the

magnitude of peer effects than is the case for differences in estimates across countries using different data as pointed

out in McVicar (2011). While the variation in the magnitude of peer effects across methods could help explain the

different challenges faced by each approach, the variation across age groups could help explain the likely difference

in social learning across age groups. The positive effect of peer networks suggests that policy interventions may have

both direct and indirect (social multiplier) impact on an individual’s smoking decision. Evidence of the indirect

effects of price and other legislative policies are presented in Powell et al. (2005).

Relative to the results of this paper, previous literature has documented larger peer effects on the decision to

smoke. The fundamental question is: why are the peer effects on cigarette smoking low in South Africa relative

other countries? A quick response may be, it is due to differences in the age group considered in this paper relative

to that considered in most studies. This, to some extent, may reflect the biases of different strengths of networks in

different countries. In addition and building on Gibbons et al. (1995), we might expect some correlation between

country level cultural indicators and peer effect estimates that has been ignored in most studies but addressed in

this paper. Although I am able to address the possible biases surrounding the estimation of peer networks, the

nature of the data has limited the inclusion of an important age group (aged 10 to 14) that could be at a high risk

of peer influence.
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Appendix

Table 6: Marginal effects and regression estimates of peer network as additional fixed effects are included
Panel A: Marginal effects estimates of peer network as additional fixed effects are included

Wave 3 Wave 1

Variables (1) (2) (3) (4) (5) (6) (7) (8)

Contact availability -0.05*** -0.09*** -0.12*** -0.14*** -0.04*** -0.05*** -0.04** -0.05***

(0.01) (0.01) (0.02) (0.03) (0.01) (0.02) (0.02) (0.01)

Peer network 0.04*** 0.04*** 0.04*** 0.06*** 0.10*** 0.10*** 0.10*** 0.13***

(0.01) (0.01) (0.01) (0.02) (0.03) (0.04) (0.04) (0.02)

Observations 5,533 5,533 5,533 2,931 4,579 4,579 4,579 2,385

District fixed effects No Yes Yes Yes No Yes Yes Yes

Language fixed effects No No Yes Yes No No Yes Yes

Panel B: Regrssion etimates of peer network as additional fixed effects are included (aged 15 - 45)

Wave 3 Wave 1

Variables (1) (2) (3) (4) (5) (6) (7) (8)

Contact availability -0.07*** -0.13*** -0.15*** -0.16*** -0.05*** -0.08*** -0.09*** -0.17***

(0.01) (0.01) (0.01) (0.02) (0.01) (0.02) (0.02) (0.02)

Peer network 0.10*** 0.12*** 0.13*** 0.20*** 0.08*** 0.09*** 0.10*** 0.34***

(0.02) (0.02) (0.02) (0.03) (0.03) (0.03) (0.03) (0.03)

Constant -0.24*** -0.27*** -0.19* -0.65*** -0.25** -0.18 0.03 -0.01

(0.07) (0.09) (0.10) (0.15) (0.11) (0.11) (0.14) (0.21)

Observations 10,883 10,883 10,883 3,698 11,223 11,223 11,223 4,990

R-squared 0.29 0.31 0.31 0.49 0.36 0.39 0.39 0.47

District Fixed effects No Yes Yes Yes No Yes Yes Yes

Language group Fixed effects No No Yes Yes No No Yes Yes

Notes: Standard errors are given in parentheses. Results from wave 3 are presented in columns (1), (2), (3), and (4), and wave 1 in

column (5) to column (8). The results in Panel A are marginal effects obtained from a logit model and for all individuals who are

between the ages 15 and 24, and the results in Panel B are from a Linear Probability Model (LPM) for all individuals between the

ages 15 and 45. In column (1) and (5), all possible fixed effects are excluded. In column (2) and (6) district fixed effects are included.

In column (3) and (7) both district and language fixed effects are included. In column (4) and (8) all fixed effects and some parental

characteristics are included. The dependent variable for all specifications is a dummy equal to 1 if the respondent has ever smoked.

Control variables include a quadratic of age, dummies for race, dummies for education, dummies for religious, gender, drinking, parental

education and parental smoking habit. ***Statistically significant at the 1% level; Statistically significant at the 5% level; *statistically

significant at the 10% level.

Figure 2: South Africa’s Regional Smoking Rate/Intensity in wave 1 and wave 3
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Note: Values of 1, (> 1), (< 1) on the horizontal axis denote districts with a smoking rate/intensity equal to, larger than, and/or smaller

than the South African smoking rate, respectively
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Figure 3: District smoking intensity as a proportion of the national smoking intensity
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Notes: Colouring goes from dark, denoting high smoking intensity, to light denoting low smoking intensity relative to the national

average. WC=Western Cape, EC=Eastern Cape, NC=Northern Cape, FS=Free State, NW=North West, KZN=KwaZulu-Natal,

GP=Gauteng, MP=Mpumalanga and LP=Limpopo

Table 7: Marginal effects and regression estimates of peer network after controlling for endogeneity
Panel A: Marginal effects and regression estimates of peer network

Individuals aged 15 to 24 Individuals aged 15 to 24

Variables (1) (2) (3) (4) (5) (6)

Contact availability -0.08*** -0.12*** -0.07*** -0.08*** -0.09*** -0.05***

(0.01) (0.01) (0.01) (0.01) (0.01) (0.01)

Peer network 0.07*** 0.12*** 0.13*** 0.07*** 0.10*** 0.10***

(0.01) (0.01) (0.01) (0.00) (0.01) (0.01)

Constant -0.75** -0.88*** -1.18***

(0.31) (0.27) (0.28)

Observations 4,579 4,579 4,579 4,579 3,344 3,344

District fixed effects No Yes Yes No Yes Yes

Language fixed effects No No Yes No No Yes

R-squared 0.41 0.58 0.60

Panel B: Marginal effects and regression estimates of peer network

Individuals aged 15 to 45 Individuals aged 15 to 45

Variables (1) (2) (3) (4) (5) (6)

Contact availability -0.09*** -0.17*** -0.14*** -0.09*** -0.12*** -0.10***

(0.01) (0.01) (0.01) (0.01) (0.01) (0.01)

Peer network 0.14*** 0.20*** 0.21*** 0.11*** 0.14*** 0.15***

(0.01) (0.01) (0.01) (0.00) (0.01) (0.01)

Constant -0.14*** -0.64*** -0.82***

(0.05) (0.09) (0.12)

Observations 10,883 10,883 10,883 10,883 10,565 10,565

District fixed effects No Yes Yes No Yes Yes

Language fixed effects No No Yes No No Yes

R-squared 0.44 0.55 0.56

Notes: Standard errors are given in parentheses. Results from LMP are presented in columns (1), (2), and (3), and from the logit model

in column (4) to column (6). The results in Panel A are marginal effects obtained from individuals between the ages 15 and 24, and

the results in Panel B are from all individuals between the ages 15 and 45. In this table I present results from an alternative measure of

peer networks where individuals are classified according to their respective clusters rather than districts. All results are obtained from

wave 1 data set. In column (1) and (4), all possible fixed effects are excluded. In column (2) and (5) district fixed effects are included.

In column (3) and (6) both district and language fixed effects are included. The dependent variable for all specifications is a dummy

equal to 1 if the respondent’s has ever smoked. Control variables include a Control variables including quadratic of age, dummies for

race, dummies for education, dummies for religious, gender, drinking, parental education and parental smoking habit. ***Statistically

significant at the 1% level; Statistically significant at the 5% level; *statistically significant at the 10% level.
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