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Abstract

Adolescents’ propensity towards anti-social behaviour is influenced by the interac-

tion they share with their peers. Parents make investments into their children that

are instrumental in forming pro-social behaviours. However an adolescent’s peer

interactions mean that parents’ investment is contingent on the investment made by

their children’s peers’ parents. This thesis models the interactions between parental

and peer influences in the context of anti-social behaviour. A framework is developed

then extended to incorporate wealth heterogeneity and adolescent heterogeneity.

The basic model highlights the problem of parents free-riding off the spillovers

of other parents’ investment, leading to underinvestment relative to an efficient

first best level of investment. When wealth heterogeneity is incorporated, parents’

incentive to invest any positive amount is condition on the degree of wealth

inequality. When wealth inequality is such that low wealth parents drop out of

investment, a large gap grows between the investment that high and low adolescents

receive. Mixing or segregating of parents of low and high wealth is then considered.

Although high types have more to gain from being segregated, mixing, when

wealth inequality is not too extreme, always provides a higher overall social welfare

then segregating. Finally, heterogeneity of adolescents individual innate propensity

towards anti-social behaviour is incorporated. This framework is used to illustrate

that multiple equilibria exist. Specifically there is an equilibrium in which all parents

invest zero. This model also demonstrates that conditions in the environment can be

such that there is no incentive for a positive level of investment. Possible solutions

to both problems are discussed.
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Chapter 1

Introduction

Anti-social behaviour is a common and generally transient behaviour in adolescence

characterised predominately by truancy, drug and alcohol use and minor property

offences (Smart et al., 2004; Moffitt, 2003). It’s costs are not only the immediate

negative externalities, but the drain on human capital in formative years, and the

propensity of persisting into adulthood1.

Becker’s 19682 seminal work focuses on the offender’s rational decision to commit

some criminal or deviant act. The implication is that a deterrence policy should be

geared towards detection and punishment. In the context of adolescent anti-social

behaviour, this approach has four short comings3. First, adolescents’ maturing

cognitive processes (Steinberg, 2005) and tendency towards risk taking behaviours

(Richards, 2011) suggests that the assumption of adolescents as rational agents is

inappropriate. Second, adolescents are fairly unresponsive towards the threat of

punishment (Schneider, 1990) . Third, detention is strongly linked to negative

outcomes such as recidivism (Aizer and Doyle Jr, 2013) and lower educational

attainment (Anderson, 2012). Lastly the very nature of adolescent anti-social acts

makes detection and appropriate punishment quite difficult (Smart et al., 2004). For

these reasons, this thesis focuses on addressing anti-social behaviour at its roots:

parental and peer influences.

Parental influence is a primary determinant of adolescents’ propensity towards

anti-social behaviour (McGee et al., 2009; Heckman, 2012). Parents are able to

influence adolescent behaviours through investments such as education, mentoring

and supervision (McGee et al., 2009). Parents’ investment depends not only their

monetary wealth, but also on their parenting ability and the time they can allocate

towards their children. There is strong empirical evidence that policies targeted

towards disadvantaged parents - those unable to supervise, have a low parenting

1In fact, at the time of submission of this thesis, New South Wales, Australia, has been gripped
by severe bush fires which have taken a massive toll on the lives of residents in affected areas. Five
Adolescents between 11 and 15 years old have been arrested for starting separate fires.

2The current theoretical economic literature on crime is substantially rooted in Gary Becker’s
1968 Crime and Punishment: An Economic Approach.

3I make the argument for four short comings, however there may be more.
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ability, or lack the resources for adequate investment- are effective in delivering

positive results (Heckman, 2006). However, as children enter adolescence, social

interactions with peers become a dominate force in shaping behaviours (Moffitt,

1993). Peer influences are instrumental in adolescents participation in anti-social

behaviours, such that peers can substantially contribute to a cycle of failure and

amplify problem behaviour (Kiesner et al., 2004; Dishion et al., 2012). Adolescents’

connection to their peers inevitably connects their parents investment decision

to those of the peers’ parents. Thus, not only are these influences instrumental

in adolescents’ propensity towards anti-social behaviour, they also interact, such

that parent’s investment decision now contingent on the investment made by their

children’s peers’ parents. This thesis aims to formalise these notions.

I construct a model in which parents make a costly investment in their children

as to shift them away from anti-social behaviour. The mechanics of adolescents’

propensity towards committing anti-social behaviours is driven by sociological

theory. This behaviour is also affected by the investment made by the adolescent’s

peers’ parents through the peer effect. In equilibrium, parents’ decision to invest

in their children is contingent on the level of investment made by other parents.

The model is extended to illustrate parent’s investment behaviour under wealth and

adolescent heterogeneity.

Section 3.2 shows how investment spill-overs derived through the peer effect lead

to free-riding and underinvestment. As the strength of peers’ influence increases,

parents are less able to internalise the full return of their investment, and more able

to enjoy spill overs of other parents investment. A parameter for altruism is included

which designates the relative importance of parents investment to their payoff. This

equilibrium level is contrasted to the efficient level set by the social planner, who is

able to internalise the peer effect. Policy can induce parental investment to move

towards this efficient level by increasing altruism.

Section 3.3 extends the model to incorporate wealth heterogeneity. A condition

on wealth inequality must hold to ensure full participation in investment. Once

this condition is met, wealth inequality does not affect parents equilibrium level of

investment; only average wealth matters. Parents equilibrium investment level is

now decreasing as the average wealth increases, as higher wealth means higher spill

overs. When wealth inequality is high, low wealth parents drop out of investment.

In this case, those remaining higher wealth parents have a higher average investment

than if there was full participation. Under high wealth inequality all parents enjoy

higher spillovers, however children of low wealth parents only receive this spillover

3



as an investment. Higher wealth parents will always invest a greater proportion of

their wealth than lower wealth parents. This framework reflects real world wealth

inequality in the context of parental investment. As inequality grows, there is a

very large spread in the level of investment adolescents of low wealth parents receive

compared to their high wealth peers. This demonstrates how wealth inequality

precipitates a growing divide between wealth classes. We use the conclusions of

Section 3.3 to motivate Section 3.4.

Section 3.4 explores environments in which parents of low and high wealth are mixed

or segregated. When low wealth parents mix with high wealth parents they invest

less than being segregated, as they have a greater investment spill over to free ride

off. This is the opposite for high wealth parents. However total parental investment

in either environment is equal. When wealth inequality is not too great, mixing

always results in a higher total welfare than segregating. This is because low wealth

parents have a higher marginal return from additional spillovers compared to high

wealth parent. These results reflect real life segregation behaviour. High wealth

types do prefer to segregate, through neighbourhoods or expensive schools, whilst

empirical evidence demonstrates that mixed neighbourhoods can actually reduce

adolescent anti-social behaviour (Ludwig et al., 2001).

In Section 3.5 the existence of multiple equilibria is illustrated when adolescent

heterogeneity is incorporated into the model. Adolescents now have an individual

specific innate propensity towards anti-social behaviour. Parents payoff function

now has to overcome a threshold in order to yield a positive payoff. Focusing

on parent’s best response investment to other peers’ parents average investment,

investment behaviour is analogous to previous sections. However when the level

of peers’ parents’ average investment decreases past some threshold, parents will

invest zero at equilibrium. A potential way to mitigate zero investment is the offer

some substitute to parental investment that guarantees some investment above the

threshold. The heterogeneous wealth extension also illustrates the how parameter

conditions could be such that the environment is one in which parents never receive

a positive payoff from investing. Specifically, if the average propensity towards anti-

social behaviour is high, parents may never have incentive to invest. This problem

is used as a motivation to outline an extension which considers an evaluation of the

benefit of early childhood intervention aimed at developing pro-social behaviours.

Chapter 2 presents an overview of anti-social behaviour in Australia, motivation for

this model, and an empirical discussion of the peer and parental influences. Chapter

3 is the model and a range of extensions. Chapter 4 concludes.

4



Chapter 2

Overview of Literature

In section 2.1, we offer an overview of adolescent anti-social behaviour contextualised

towards Australia. Section 2.2 is a discussion of the short comings of current

economic models of crime in the context of adolescent anti-social behaviour, with

evidence that punishment is a n ill-suited policy choice. This is used as a motivation

for a new perspective of a crime model. In section 2.3 we focus on the way in

which parents can influence their children’s behaviour, the importance of their

investment, along with the way in which peers influence each other towards anti-

social behaviours.

2.1 Adolescent Anti-Social Behaviour

Adolescent anti-social behaviours1 range from relatively minor acts such as drug

and alcohol use, vandalism, truancy and intimidation/bullying, to much more serious

predatory behaviours and crimes against persons -such as assault, rape and robbery,

and against property - such as burglary, auto theft and fraud. In Australia,

frequent intoxication, truancy and fighting between adolescents are estimated as

the most common behaviours (Smart et al., 2004). These acts create negatively

external effects on society. Outside the communal effects, anti-social behaviours

damage human capital development in early formative stages of adolescence. The

prevalence of adolescent substance use and violent behaviour among other health

risk behaviours are linked with adolescent’s and adult’s physical and mental

health, morbidity and mortality (Prinstein et al., 2001). Involvement in anti-social

behaviours increases the chance the behaviour will persist into adulthood, which

then results in further more extreme crime, the negative external effects on society

including rape, theft, assault and murder.

It is accepted in the literature that anti-social behaviours are a common aspect

of adolescence (Moffitt, 2003; Farrington, 1986; Richards, 2011). Figures from the

Australian Institute of Criminology report that the offending rates for persons ages

15-19 in 2007-08 was four times the rate of that for over 19 year olds (Richards,

2011). In a representative longitudinal study of Victorian adolescents, approximately

half of all adolescents self-report some type of anti-social behaviour (Smart et al.,

1Juvenile delinquency is another term for youth crime/juvenile offending
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Figure 2.1: An Example of an Age-Crime Curve (Farrington, 1986)

2004). This comes in light of severe under- reporting issues. Many of the minor

anti-social acts, which form the bulk of delinquency, generally are undetected and

do not result in contact with the criminal justice system (Smart et al., 2004).

Consequently, official statistics underestimate the rate prevalence of anti-social

behaviour. Measures of self reporting are commonly used in empirical research

to gage propensities towards adolescent anti-social behaviours. Mak attempts to

develop a more accurate scale of self-reporting measures, (Mak, 1993), however

concludes that there should be significant concerns of adolescents willingness and

ability to truthfully report their propensity towards delinquency . Adolescent anti-

social behaviour is therefore a common yet relatively difficult behaviour to observe.

Importantly, adolescent anti-social behaviour is a transient behaviour. The majority

of adolescents outgrow as they mature into adulthood. This is illustrated with the

age-crime curve, an example given above in Figure 2.1, in which offending peaks

in mid-late adolescence then decline sharply in early adulthood. The behaviour is

empirically found to hold independently of other variables (Farrington, 1986). Again,

This is supported by Australian longitudinal research(Smart et al., 2004; Richards,

2011), and is considered one of the most generally accepted tenets of criminology

(Fagan and Western, 2005) . The transient nature of delinquency is explored in the

sociological literature, which identifies two types of adolescents: Adolescent limited

and Life-course persistent. This dual taxonomy was developed by T. Moffitt (1993)

to explain the age-crime curve, and is a preeminent theory in the literature (Moffitt,

2008). Adolescent limited refers to those adolescents that partake in the common,

normative and transient anti-social behaviours which desists in adulthood, whereas
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life-course persistent types are those in which the behaviour persists and escalates

into adulthood.

Apparent from parental and peer influence, adolescents will naturally have an innate

propensity towards anti-social behaviour. These individual-specific risk factors

include impulsiveness, low intelligence, impatience, restlessness and aggression

(Farrington et al., 2002; Farrington, 2007). Given anti-social behaviours are such a

common aspect of adolescence, it is important policy wise to remember that “ The

question is not if such groups will form but, rather, how many youths will be engaged

and what kinds of behaviours will be promoted” (Dishion et al., 2012). Therefore,

policy must address the frequency and severity of adolescents’ anti-social behaviour,

what we refer to as their overall propensity towards delinquency.

2.2 Economics of Crime in the Context of Adolescent

Anti-Social Behaviour

2.2.1 The Current Economic Literature of Crime and

Its Policy Implications

The economic literature on to crime finds its roots in Gary Becker’s 1968 Crime and

Punishment: An Economic Approach. Economic modelling assumes the offender

as a rational agent who makes a cost-benefit analysis of their situation. That

is, they weigh up the benefit of a crime with the risk of being caught and the

punishment likely to be faced. It focuses on the economic problem of scarcity; how

can we most effectively reduce crime, given the restricted set of resources available

and the nature of the justice system, methods of detecting crime, and the desires

of the community. Becker’s framework has been utilised in many theoretical and

empirical works, to name a few (Ehrlich, 1973; Stigler, 1974; Cobb-Clark and Tekin,

2011; Patacchini and Zenou, 2012). Becker’s modelling assumptions and general

framework fit into the Classicist school of criminology. The Classicist school purports

that offenders have free will and that fair and timely punishment is an effective

method of deterrence. This forms the basis of our criminal justice system today.

The Becker approach has been substantially improved and modified over time to

account for other influences, such as moral costs. In particular, it has been adapted

towards juvenile delinquency (Patacchini and Zenou, 2012). Patacchini expands the

Becker framework further, taking the premise that adolescents propensity towards

anti-social behaviour is largely motivated from their peers. Patacchini devises a
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mechanism in the payoff for a measure of conformism, −β(ai − ā)2. The closer

the adolescent’s action ai is towards their peers, ā, the less of a disutility received

from not conforming. Patacchini utilises this theoretical framework, along with an

empirical analysis, in order to illustrate the importance of peers influence on anti-

social behaviour. However these results and implications are still restricted by its

adherence to the Becker paradigm. There is no new insight into the determinants

and their effects. Next we look at the short comings of the Becker paradigm in the

context of juvenile delinquency, serving as motivation for this thesis.

2.2.2 Short-Comings in The Context of Adolescent

Anti-Social Behaviour

I focus on 4 short-comings of the Becker modelling framework in the context of

adolescent anti-social behaviour. First we look at how the assumption of rationality

is inappropriate in regard to adolescents. This then relates to the way in which

adolescents are unresponsive to punishments as deterrence. Third, a discussion on

the detrimental effects of the punishment policy is provided. Last, we discuss why

some of the characteristics of adolescent anti-social behaviour make punishment

not a very effective policy. This serves as a motivation for the frame work and

implications in this thesis.

The rationality assumption in Becker’s framework is criticised for oversimplifying

the cognitive process behind criminality (Piliavin et al., 1986) and exaggerating the

criminal’s ability to accurately assess risk and reward. This criticism is more relevant

in the consideration of adolescents. Adolescents are much more risk loving that

adults (Steinberg and Morris, 2001), engaging more often in dangerous, aggressive

or risky behaviour, which is amplified by puberty. Adolescents, as opposed to adults,

also put significant weight on the social and emotional risks of a situation, (Steinberg,

2005). Again this is unique in adolescence, and is reflective of the importance

of social interactions in adolescence. This doubt of whether the assumption of

rationality is exemplified in the way adolescents respond towards punishments. It

would follow that if adolescents were fully rational, an increase in punishments

would decrease their propensity towards anti-social behaviour. However research

that punishment may in fact be a poor way to motivate adolescence behaviours.

Schneider (1990) conducts an empirical study questioning the assumption that

juvenile offenders take into account any cost benefit analysis and are rational in the

Becker sense. Schneider interviews adolescent offenders at the time of release from
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their respective detention facilities, with follow up interviews in the following years.

While more persistent offenders believed they would be less likely to commit future

crimes if expected punishment increased, these adolescents actually committed more

crimes despite increased punishments. Therefore, their behaviour does not fit

rationally with their beliefs and expectations, which suggest that adolescents cannot

be analysed under the assumptions of the Becker framework. We now expand on the

literature in regard to adolescents’ responsiveness towards increasing punishments.

Lee and McCrary (2005) find evidence indicating that adolescent’s criminal

propensity is in fact particularly inelastic with respect to penalties (Lee and

McCrary, 2005). Focusing on adolescents who turn 18, they observe that

although now under adult sentencing, delinquent and criminal adolescents lacked

an appropriate and consistent response towards this sharp increase in punishments.

In an earlier related study, Jensen and Metsger (1994) look at the effect of judicial

waivers on juvenile delinquency in Idaho. A judicial wavier is a courts ability

to transfer a case from the juvenile court to the adult court, based on the crime

committed and offender characteristics. They utilise a time series design, looking at

two five year periods, in which the later period saw the introduction of the waiver

laws. Overall they find that the wavier law, that is the probability that adolescent

offenders will incur a much harsher sentence, had no deterrent effect on juvenile

crime. This echoed a previous study in the same vein carried out in New York

((Singer and McDowall, 1988). Therefore there are reasonable grounds to doubt

whether adolescents respond as intended to punishments.

Punishment as deterrence is widely acknowledged as a policy that leads to recidivism

and poorer adulthood outcomes for adolescents. Using data from juvenile offenders

over nine years in New South Wales, Cain (1996) establishes that persistent type

adolescents face higher rates of recidivism and developing career criminality. The

majority of offenders who receive sentences orientated at rehabilitation are much

less likely to re-offend. An obvious issue with these results is that incarceration and

higher punishments may act as a proxy for the type more likely to be persistent

offenders, and thus there may be little causation. However research indicates that

the environment of detention is not conducive towards rehabilitation. Intuitively,

if adolescents are influenced by their peers towards anti-social behaviour, then

confining at risk adolescents with other delinquents will lead to recidivism. This

intuition is supported by empirical research: Cain and Richards (2011) both indicate

that a negative peer group, along with more influential older peers, will foster further

criminality. Therefore punishment in the form of incarceration will induce further

anti-social behaviour and recidivism.
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Apart from recidivism, many punishments result in negative outcomes later in the

adolescent’s adult life. Empirical research also purport that across different groups

of children, juvenile incarceration is associated with lower high school completion

and higher adult recidivism (Aizer and Doyle Jr, 2013), as well as lower educational

attainment and decreased future earnings (Anderson, 2012). Thus punishment is

a policy with ambiguous effectiveness at addressing serious adolescent anti-social

behaviour, and is further linked with poorer outcomes for those who are in fact

caught and punished.

Finally it is important to consider that anti-social behaviours are not primarily these

violent predatory or property orientated offences. They are commonly acts that

harm the development of adolescents themselves, such as drug and alcohol use and

truancy, and are sporadic, senseless and difficult to detect. Anti-social behaviours

also encompasses other socially undesirable behaviours, such as intimidation, lack of

respect towards authority and bullying. Whilst they do not impose large negative

externalities on the community, these behaviours evolve as the adolescent reaches

adulthood into more sinister anti-social behaviour. However such behaviours are

difficult to form a coherent deterrence policy based on punishment and detection,

given the arguments about juveniles’ response to harsher punishments, and the

discussion in section 2.1 in regard to the difficulty faced in detecting these more

subversive elements of delinquency(Smart et al., 2004).

Considering these arguments, there is a fair case that punishment is far from a

practical and efficient solution for deterrence to anti-social behaviour. Practitioners

in the juvenile justice system in the last decade have strongly agreed that effective

strategies must focus on alternatives to incarceration Mears et al. (2010). From these

conclusions, there is a case that the previous paradigm of economic crime modelling

is inappropriate in developing an understanding of the problem and and offering

optimal solutions. However, given these shortcomings theoretically, much empirical

economic research into crime actually emphases the importance of the determinants.

In an overview of the literature of crime in economics, Buonanno (2003) summaries,

“the criminal phenomenon is a complex phenomenon that is strongly related and

affected by several socio-economic determinants whose relationships with crime have

to be known in order to design and to implement effective and adequate policies in

reducing crime”

This gives us motivation to fill the gap in the theoretical literature, complimenting
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the already established empirical work and highlighting the complexities and

difficulties faced with parental investment in the context of youth anti-social

behaviour. Next we give an overview the of the literature related to parental and

peer influence.

2.3 The Determinants of Adolescent Anti-Social

Behaviour: Parental Influence and Peer Influence

We now turn our attention to the fundamental determinates of adolescent anti-

social behaviour; Parental Influence and Peer Influence. In the following we give an

overview of the way in which they play a role in determining adolescents’ propensity

towards anti-social behaviour.

2.3.1 Parental Influence

Longitudinal studies with Australian data (McGee et al., 2009), European (Dutch)

and American data (Hoeve, 2008), along with specific studies (Farrington et al.,

2002; Steinberg, 1987) all find significance for the same risk factors relating to

parental influence. McGee et al explore these accepted parental influences in an

Australian context(McGee et al., 2009). They use Data from the Mater University

Study of Pregnancy (MUSP), which is a prospective longitudinal study which has

involved a number of phases of data collection from mother and child, from early

childhood to adolescence. The MUSP is used in conjunction with Australian Bureau

of Statistics census data, and aimed to model the interdependence of significant

indicative factors. The research found very strong evidence for parenting style,

poor school performance and the quality of the family environment as significant

indicators of a propensity towards delinquency. These results are now elaborated.

Parental style was reflected by parental supervision and communication between

child and mother; when parental supervision was low, adolescent delinquency was

higher at age 14, as well as a very strong and significant relationship between

the degree of openness in parent and child communication. Parental style is

also negatively affected by contextual factors, specifically, socio-economic stress.

Australian empirical research (Weatherburn and Lind, 1998; McGee et al., 2009),

supports the notion that economics stress is linked to less positive parenting,

disrupting the parenting process, and negatively affecting the ability of the parent to

supervise or communicate. These are significant links that serve to illustrate that an

avenue of parents’ investment is through parenting style and the family environment.
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However economically disadvantaged parents will also struggle to offer their children

the investment needed for the development of cognitive and non-cognitive skills.

The family environment, as the quality of marital relationship and the mother’s

time in the relationship, was also found to be highly significant as an indicator

for adolescent delinquency, as it is linked to adolescent aggression, poor academic

performance, and emotional distress. Family dysfunction can also exuberate the

negative effect of peers. Prinstein et al look at how risk factors such as family

dysfunction can compound adolescents and peers risk behaviour (Prinstein et al.,

2001). A significant multiplicative effect was revealed, indicating that family

dysfunction had the potential to increase the magnitude of peer effects above and

beyond that of each factor separated. There is therefore a strong link, in an

Australian context, of the importance of parents and family factors in adolescent

anti-social behaviour.

2.3.2 The benefit of investment and intervention

Recently the Australian Productivity Commission released a report detailing the

deep and persistent disadvantages that those from poorer backgrounds suffer

(McLachlan et al., 2013), and that youth from families with socio-economic or social

disadvantages will struggle significantly more than their wealthier peers. Early

intervention and investment in childhood is empirically supported to give high

returns promote pro-social behaviours and outcomes. James Heckman has been

prolific in this field, clarifying the link between disadvantaged families and children

that are less productive and more likely to participate in anti-social behaviour

(Heckman, 2006; Heckman and Masterov, 2007). He identifies that “Many major

economic and social problems such as crime, teenage pregnancy, dropping out of high

school, and adverse health conditions are linked to low levels of skill and ability in

society“ (Heckman, 2012). Having established that parental influences are significant

indicators in adolescents’ propensity towards anti-social behaviour, we now consider

how parents can invest and develop pro-social outcomes for adolescents not just in

adolescence, but into their adult life as well.

A large factor in parental investment that is effective in decreasing adolescents’

propensity towards anti-social behaviour is parents’ ability to affect their child’s

cogitative and non-cogitative skills. James Heckman provides substantial research

that purports the value of early childhood intervention through links to early

formation of effective cognitive and non-cognitive skills, such as behaviour,

12



motivation and self-control. Overall he advocates policy that targets skill formation

in disadvantaged children. This means a decrease in the individual risk factors

relating to an adolescent’s propensity towards anti- social behaviour. Heckman

2006 looks at the Perry preschool program, a 2 year experimental intervention for

disadvantaged African American children. In adulthood, the children from these

programs had higher rates of graduation, higher salaries, and fewer arrests, amongst

other positive social outcomes. Heckman estimates the economic benefits of the

program were substantial, with a 15-17 % rate of return on the ‘investment’. The

program did not raise intelligence quotients (IQ) of the group, but instead affected

their behaviours, instilling cognitive skills such as discipline and motivation to learn.

Oveall, the effectiveness of early investment programs targeting the behaviours of

high risk, disadvantaged children, mean there are increasing returns in adolescence

and adulthood.

The importance of parental investment during stages of child cognitive development

is supported with further empirical work. Reynolds et al. 2001 utilises longitudinal

data, following a group of youth who participated in programs intended to

supplement investment in education, family and health services. Over 15 years

the effectiveness of these programs is evaluated by measuring adolescent anti-social

behaviour. school dropout and academic performances. They find that participation

in an established early childhood intervention for low-income/disadvantaged families

was associated with better educational and social outcomes into adulthood. Other

early investments also have positive effects, with improvement in early life health

care positively spills over into long run academic performance (Bharadwaj et al.,

2012). Overall, it is clear there are many avenue a parent can make an investment,

whether it be in developing through the style of parenting, creating a functioning

an positive family environment, or investing in developing a child’s cognitive and

non-cognitive skills. Next, we discuss the empirical evidence of the importance of

peer influence in anti-social behaviours, along with the general nature of how this

happens.

2.3.3 Peer Influence

There is a well-established association between anti-social peers and anti-social

behaviour. Whilst peer effects can be positive, for example improving academic

progress (Véronneau et al., 2010; Lavy and Sand, 2012) , there is a strong

relationship between peer influence and negative behaviours. Participation among

adolescents in anti-social behaviours such as substance and alcohol use (Lundborg,

2006), substances and truancy (Gaviria and Raphael, 2001) has significant links

to peers, as well as other negative behaviours such as overweight issues (Trogdon
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et al., 2008). It is widely acknowledged that precise unbiased empirical research

into peer effects is difficult at best, with the possibility of over estimating the

significance of effects. Eisenberg specifically takes over estimation into effect, looking

at peer influence and delinquency and utilising two different identification methods

to test the robustness of previous findings (Eisenberg, 2004). Although this results

in a decrease in the significance in the effect found in previous literature, peer

effects are still significant enough to be policy relevant. Expansive and more

precise empirical work utilising longitudinal analyses,(Dishion et al., 2012), are

able to make relatively stronger conclusions on the general nature of peer effects

and anti-social behaviour. Dishion et al follow a large sample from adolescence to

adulthood, confirming the significance of peer influences on delinquent behaviour

and subsequent poor outcomes in adulthood. More precisely, they are identify

that at-risk or disadvantaged peers form groups (cluster) which thus exuberates

the influences they have on each other and the negative consequences of it.

In an explanation of how peers influence in the context of anti-social behaviour,

sociological literature supports a broad notion of social mimicry (Moffitt, 1997,

2003). Social mimicry is that idea a group will adopt the behaviour of another

more successful group in order to obtain access to perks or resources exclusive to

that group. Therefore the value that adolescents derive from anti-social behaviours

is from how peers value that behaviour. Moffitts expansive research over the last few

decade, along with supportive bodies of work, discuss the perceived advantages that

adolescent limited youth may see in the life persistent anti-social group; greater

independence, certainty, strength, greater experiences with the opposite sex, etc.

Overall, adolescents crave a mature status of power and privilege, attempting to

convey strength and also to conform and avoid being singled out. This theory is

also consistent if we consider a peer selection effect, that is, adolescents selecting

peers who engage in a similar type of behaviour to their own. Empirical studies

(Warr and Stafford, 1991) support this notion of imitation of peer’s behaviour. Warr

uses longitudinal data that contains self-reported data, which is lagged, such that

what adolescents’ self-report on their own attitudes along with their peers’ attitudes

and behaviours, is then linked with that adolescent’s future anti-social behaviours.

Warr finds that the most significant indicator on an adolescent’s propensity towards

a delinquent attitude (that is valuing delinquency) and subsequent anti-social

behaviour was when their peers’ attitudes and behaviours were consistent with

delinquency. That is, when it was clear that one’s peers both valued and partook

in anti-social behaviours, it significantly increases one’s propensity to commit the

same acts.
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2.3.4 Where to now?

Now we have concluded that adolescents’ decisions and attitudes towards delin-

quency are very much driven by their peers. Along with this, parents investments

are also instrumental in developing a propensity towards pro-social or anti-social

behaviours. Parents naturally want to invest in their children to give them the best

advantage at life; it is an innate biological desire. However, parents investment

into pro-social behaviours is substantially impacted by these peer influences, which

themselves are derived from peers’ parents’ very own investment. Thus parents are

linked by the choice of peers their children make, which can have an impact on their

investment behaviour.
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Chapter 3

The Model

3.1 The General Model Set-up

There is a continuum of parents indexed by i on the interval [0,1]. Each parent

has an endowment Wi that can be allocated towards i ’s personal consumption Ci

and an investment Yi into i ’s children. This is such that the budget constraint is

Wi = Ci + Yi. Parents’ investment Yi decreases their child’s propensity towards

anti-social behaviour1.

Parents’ payoff for their own personal consumption is an increasing function f(Ci).

Parents receive a payoff from their children’s propensity to not commit anti-social

behaviour. This payoff is the a strictly increasing function g(Yi, Y−i). The function

g is in terms of parent i ’s investment Yi and the investment other parents make

Y−i. Because parent i ’s children’s propensity towards anti-social behaviour is

also influenced by their peers, this function g is also decreasing in peers’ parent’s

investment Y−i. Parents overall utility is described as:

Ui = U(Ci, Yi, Y−i),= (1− α) · f(Ci) + α · g(Yi, Y−i) (1)

Parental altruism is incorporated through the parameter α ∈ (0, 1). Altruism

dictates the degree to which parents care more about their children’s outcome

relative to their own personal consumption. As α increases, parents overall utility

is more dependent on the payoff they receive from their children’s outcome g.

Parents make their allocation decision with the aim of maximising their respective

utilities Ui. Having established the parent’s utility function and allocation decision,

a Nash equilibrium level of parental investment is defined as Y ∗i , such that U(Wi −
Y ∗i , Y

∗
i , Y

∗
−i) ≥ U(Wi − Yi, Yi, Y ∗−i),∀Yi ∈ [0,Wi].

In order to conduct an analysis of investment behaviour, form is first added to

the function g. The function g describes an adolescent’s propensity towards anti-

social behaviour in terms of their own parent’s investment Yi, and peer influence

1Parents’ investment promotes pro-social behaviours, the opposite to anti-social behaviours.
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element from other parents Y−i. Parents’ payoff function g can be described

as the value derived from the probability of no anti-social behaviour, that is

g(Yi, Y−i) = v(π(Yi, Y−i)). This probability π(Yi, Y−i), is increasing in (Yi, Y−i). Two

mechanisms by which parents investment affects adolescents’ propensity towards

anti-social behaviour are developed. In section 3.2 model with a basic specification

on the function g is developed. This set-up is used throughout Section 3.2, Section

3.3, and in Section 3.4. In section 3.5 the g function is expanded to incorporate

adolescent heterogeneity. These mechanisms are driven by the sociological theory

discussed in Section 2.3.3. In Appendix C a thorough explanation of each mechanism

is offered.

In this model, parents’ endowment is called their wealth. It is not strictly some

monetary value. It can better be thought of as the units of time a parent has to

allocate towards productive means. Thus one is considered wealthier if they are

more productive with their time relative to others. For example, if parents can earn

more, they are relatively more time rich than those that earn less. Alternatively, they

may have better parenting techniques, with which they are more able to effectively

decrease the propensity towards anti-social behaviour relative to other parents, and

are thus wealthier.

Parental investment Yi is the productivity that is allocated to direct strategies, such

mentoring, supervision, education, etc, that influence adolescents away from anti-

social behaviour.

All proofs are included in the Appendix.

3.2 A Basic Model of Parental Investment

3.2.1 Set-up

I begin by specifying parents’ payoff function g. Let g = f̃((1−ρ)Yi+ρȲ ). The micro

foundations for this specification are detailed in Appendix C.1. The parameter ρ ∈
(0, 1) represents the relative importance of peers’ influence over parent’s influence.

It is the strength of the peer effect; as ρ increases the strength of peer’s parents’

investment has astronger influence on parent i ’s children.

Substituting this into Ui and using the constraint Wi = Yi + Ci utility is expressed

as:

Ui = U(Yi, Ȳ ),= (1− α) · f(Wi − Yi) + α · g((1− ρ)Yi + ρȲ )
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Finally pay-off functions f(·) and f̃(·) are given a function form in the natural

log. This allows for an interior solution and for a straightforward move to the

heterogeneous extension in section 3.3 and 3.4. Thus, parents’ utility is described

as;

Ui = U(Yi, Ȳ ),= (1− α) · ln(Wi − Yi) + α · ln((1− ρ)Yi + ρȲ ) (2)

3.2.2 Analysis

The model described is now used to analyse parental investment behaviour in a

strategic game played by parents i and parents -i. Parents maximise their utility

(2) with respect to parental investment Yi. For the following wealth is assumed fixed

(Wi = W ). From the first order condition with respect to parental investment2:

Yi = αW − (1− α)ρȲ

1− ρ
(3)

This is parent i ’s best response level of investment. Focusing on the symmetric

equilibrium at which all parents invest at identical levels. Thus, at equilibrium

Y ∗ = Yi = Y−i;

Result 1. The equilibrium level of parental investment is equal to:

Y ∗ = αW
1− ρ

1− αρ
(4)

Proposition 1. The equilibrium level of parental investment, Y ∗, is decreasing as

the strength of peer effects, ρ, increases, and is increasing as parents become more

altruistic, α increases

Peers’ influence has two effects here. Firstly it dulls parents’ incentive to

invest in their child as now the parents’ investment has less of an impact to the

adolescent’s propensity towards anti-social behaviour. Secondly, the influence of

peers allows the parent to take advantage of others investment. Parents payoff

function is increasing in other parents investment Ȳ , in which ρȲ represents the

spillover portion of other parents investment. When parents individually seek an

optimal level of parental investment, they will attempt to free ride off the spillovers

of other parents investments, and thus all parents will invest less as ρ increases.

Ultimately, if the peer effect dominates, parents will invest nothing, and likewise, if

there is perfect altruism, the parent will invest all their wealth.

2Proof in Appendix B.1
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This contrasts to the case of a social planner setting the optimal level of parental

investment. Comparing the two equilibrium levels of investment offers comparative

statics on the relative efficiency of Y ∗. In the case of the social planner, Yi = Y−i

from the outset, as all investment levels will be equal. The utility function is thus,

Us = U(, Yi),= (1− α). ln(W − Yi) + α. ln(Yi)

Again, taking the first order condition in respect to Yi:

Result 2. A social planner sets the equilibrium level of parental investment to:

Y sp = αW

From the social planner’s perspective, the optimal level of parental investment is

just the altruistic adjusted level of wealth. The social planner is able to completely

internalise the peer effect3. The benefits of a central planner are further explored.

Proposition 2. At equilibrium, Y ∗ < Y sp

When parents optimise independently there is underinvestment. However a social

planner is able to choose the optimal amount of parental investment, that is the

altruistic proportion of wealth. As the social planner is able to control every parents’

investment level and internalise the peer effect, the problem of underinvestment from

parents free riding is overcome.

Corollary 1. Social welfare under Y sp is higher than under Y ∗

It follows that the social planner would never choose an equilibrium investment level

that offered a lower overall payoff than if parents independently choose. By forming

the ratio of these two investment levels an analysis on the relative efficiency can be

made.

Y ∗

Y sp
=

1− ρ
1− αρ

(5)

3This highlighting the usefulness of the parametrisation of the youth mechanism towards anti-
social behaviour.

19



Proposition 3. Relative efficiency Y ∗

Y sp
is decreasing ρ and in increasing in α.

As the peer effect parameter ρ gets closer to zero parents’ investment moves closer

to a more socially optimal result. Alternatively, the higher the degree of altruism α,

the closer the equilibrium level of parental investment will be to this socially optimal

level. A second observation is that the higher α is, the greater the proportion of

parental wealth allocated investment. This is independent of the peer effect as

illustrated in both cases. As α increases, both the equilibrium level that parents

choose independently and that a social planner chooses increases. This result is

important to consider when Equation (5) is used to address underinvestment.

3.2.3 Discussion

The analysis in section 3.2 highlighted the issue of underinvestment when parents

are able to enjoy the spillovers from other parents investment. The problem of

free riding off spillovers is common in economic literature, as is the idea that a

central planner can mitigate underinvestment. However it is easy to get lost in the

modelling assumptions and results without considering whether there is any realistic

reflection of parents actual behaviour. On an intuitive level it makes sense; Parents

who know their child has bad friends would exert more effort into supervision,

communication and mentoring, relative to a parent who knew their child’s friends

were a good influence. Similarly, if a parent knew that the time they spent with

their child (their investment) had no effect on changing their behaviour because

peers’ influence was so strong, they would consider not exerting what would be a

costly effort. This explanation of parental investment behaviour under adolescent

anti-social behaviour is analogous to parents free-riding off vaccination policy. Free-

riding off other parents’ investment immunizations is a common problem in the

western world, posing a risk to herd immunity. In fact, Australia’s issue with parents

free-riding has resulted in the ”No Jab No Play campaign (Hansen, 2013). These

behaviours, along with the intuition, give confidence that the model isn’t reflecting

some bizarre artificial behaviour, and that some value can be derived the resultant

policy implications and discussion.

Consider now what policy implications towards deterrence of anti-social behaviour

can be draw from the analysis so far. From Proposition 4 and Equation (5), as

strength of the peer effect decreased, or as parental altruism increased, parents’

investment moved closer towards that of the social planner, or efficient level. There

fore a more efficient investment level can be induced by either: 1) Addressing how
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peers influence one another, or 2) Make the adolescents outcome matter more to the

parent.

1) Peer effect ρ

In the set up to the model in Section 3.2, adolescents are assumed to be

homogeneous, with zero innate propensities towards delinquency. This implies that

policy implications driven by our analysis in respect to peer influence must be broad

and apply to all adolescents. An example would be strict home schooling, but this

is impractical and unnecessary. Addressing peer influences efficiently is difficult and

cannot be done through a broad policy, but a targeted one. A discussion on policy

that affects peer group is touched on in Section 3.5, in which adolescent heterogeneity

is considered.

2) Altruism α

Altruism can be considered in two respects: as actual altruistic attitudes that are

innate in parents caring for their own children or alternatively, as just a parameter

for the proportion of parents overall utility that dependent on the child’s outcome.

When using Proposition 4 and Equation (5) to consider effecting α it is important

to understand any evaluation of α will be delicate. As briefly discussed both

the equilibrium that parents choose and that of the social planner increase in α.

Therefore, it must be specified whether an evaluation of the impact of policy induced

altruism, say αp is at the old or new level of α. That is, to know whether the policy

induced altruism αp gets investment closer to the efficient level first considered, the

ratio of relative efficiency (5) would be:

Y ∗

Y sp
=

αp(1− ρ)

α(1− αpρ)

Now consider policy that addresses parents actual altruistic nature towards their

children. Any policy that seeks to affect the actual values instilled in a parent in

respect to altruism would be complex and pursued over the long run. However the

concept of some government attempting to change cultural values over generations

in order to build some positive social paradigm is not entirely new. One example

is how the Independent Commission Against Corruption (ICAC) in Hong Kong

has addressed corruption (Laje, 2013). The ICAC targeted children in early

education, instilling values of honesty and abhorrence towards corruption. After two

generations there is evidence of a major cultural shift of perceptions and tolerance

towards corruption. In a similar way values of parental altruism could also be
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instilled. The idea of shame and reputation in a culture can also be a powerful force

in inducing parental investment.

However, as the examples illustrates, this is a complex and long term solution. More

practically, policy can be aimed at increasing the relative importance of adolescent’s

outcome to parents’ payoff. Consider now if parents are made more accountable if

punished in some way for their children’s anti-social behaviour.

Accountability in this sense would mean the possibility of fines or required parenting

classes for parents of offending children. This seems like a fairly intuitive, albeit

controversial, proposition. It comes as no surprise that this has actually been

implemented as a policy. In Silverton, Oregon, United States of America, ordinances

were imposed that held parents accountable for their children’s behaviour (Mayes,

2011). Parents were given warnings, then required to take parental training

classes, then on a third offence fined upwards of $2,500. Unfortunately there is

no real statistical data regarding its effectiveness, and in fact the actual ordinances

themselves are rarely used (Harris, 2006). Further criticism considers the laws as

providing “politicians with a cheap and easy way of avoiding meaningful efforts to

address significant social issues” (Harris, 2006). In order for similar policies to induce

parents towards investment effectively, there must be an element of fairness and

consistency towards them. An added advantage of such a policy is structuring the

punishment for parents in a way that actually increases their ability to parent, such

as parenting classes. However by affecting parents’ payoff of the adolescent outcome

by some artificial means the assumptions of this model change. Parents payoff

function will be interpreted differently, as the function g now possibly incorporates

some tangible payoff other than the adolescent’s behaviour. Overall, offering a

comprehensive way in which to affect altruism or the peer influence is somewhat

beyond the scope of this thesis.

3.3 Heterogeneous Wealth

A realistic and intuitive extension is to incorporate wealth heterogeneity. This allows

an analysis of parents’ investment when they consider the wealth of others and

themselves, as well as the effects of wealth inequality.

3.3.1 Set-up

The model in Section 3.2 is expanded to incorporate heterogeneous levels of wealth,
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Wi. Wealth is defined as distributed on the interval [WL,WH ], with a mean W̄ .

For equilibrium levels of parental investment to hold, a condition that requires the

lowest wealth level WL to be larger than some proportion of the average wealth must

be true:

WL ≥
(1− α)ρW̄

1− αρ
(6)

This condition ensures full participation in investment4.

Since there is a continuum of parents i and average wealth W̄ , the average investment

level Ȳ can be derived. Given the equation for parents’ best response to the average

level of investment, Equation (3), the average of parents investment is:

Ȳ = αW̄ − (1− α)ρȲ

1− ρ

Rearranging,

Ȳ = αW̄
1− ρ

1− αρ
(7)

Equation (7) is the average level of investment when wealth is heterogeneous.

Substituting this into the equilibrium level of investment Equation (3) and replacing

W with Wi, the equilibrium level of parental investment given heterogeneous wealth

is:

Result 3.

Y ∗i = αWi −
(1− α)ραW̄

1− αρ
(8)

For Y ∗i to be the equilibrium level of investment for all parents it can never be less

than zero. Specifically, the parent with the lowest wealth WL cannot have Y ∗i < 0.

This is guaranteed by the condition in Equation (6).

4If say Wi is distributed uniformly, then W̄ = WL+WH

2 .the condition for full participation

can be rewritten as: αWL ≥ (1−α)ρα
1−αρ

WL+WH

2 . Letting z = (1−α)ρ
1−αρ , simplifying the condition to

WL

WH
≥ z

2−z Therefore in the uniform case, the degree of wealth inequality is a condition to ensure
full participation in investment.
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3.3.2 Analysis

Proposition 4. Y ∗i is increasing in α, and decreasing in ρ

These results run parallel to those in Section 3.2. Parents ability to free ride off

other parents investment through the peer effect will decrease the equilibrium level

of investment. Similarly, as parents are more altruistic, they invest more.

Proposition 5. An increase in the average wealth W̄ will decrease the equilibrium

level of parental investment Y ∗i , holding Wi fixed. However the average level of

investment in the population Ȳ will increase.

When parents are surrounded by wealthier (poorer) peers they will be able to enjoy

higher (lower) spillovers and invest less (more). Although increases in the average

wealth see a decrease in the equilibrium level of parental investment, the total pool

of investment increases. For the average level of wealth to increase some parent or

parents’ wealth will have to have increased. The increased investment they now

contribute is higher than any decrease in other parent’s investment as a result of

free riding.

Consider now how inequality of wealth can affect the model. The equilibrium level of

parental investment, Equation (8), along with the average parental investment level

Equation (7) are both only dependent on the average wealth of the population.

Therefore wealth inequality has no impact in parents equilibrium investment

strategy while condition (6) holds. The only relevance for parent i of other parents’

wealth level is in respect to the spillover they receive. Since a spillover is received

from every investing parent, only the average investment Ȳ , and therefore average

wealth, actually matters.

Wealth inequality will matter in regard to our condition on the lowest wealth level

(6) holding. As the lowest wealth level WL moves further away from the average,

this condition (6) is less likely to hold. When it does not hold, those parents with

a wealth level lower than the proportion of average wealth described in the RHS

of condition (6) will no longer invest. As this spread becomes wider, more parents

drop out, and the proportion of parents contributing to the pool of spillovers ρȲ

will decrease.

Consider an example where the condition (6) does not hold. Wealth is described :

W =

WL With probabiltiy 1/2

WH With probability 1/2
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In which WL = 1 − θ and WH = 1 + θ. The parameter θ is used to describe the

spread of wealth. Two scenarios are compared. The first scenario is where θ = 0 and

there is total wealth equality and the condition on the lowest wealth (6) holds. The

second scenario is where θ = 1; there is total wealth inequality and the condition on

the lowest wealth does not hold. In both scenarios the average wealth is equal.

Since Equation (6) holds in the first scenario, it is possible to substitute the average

wealth W̄ = 1 into Equation (7). Therefore the average level of investment in the

case of total wealth equality is:

Ȳθ=0 =
α(1− ρ)

1− αρ

And the amount of investment that spilt over to all parents payoff function is ρȲθ=0

In the second scenario, half the parents with WL = 0 will invest nothing; YL = 0.

Half the parents with WH = 2 will invest at YH . High wealth parents’ optimal

parental investment level is derived from equation (3):

Y ∗H = αW̄ − (1− α)ρȲ

1− ρ

The average level of investment will be Ȳθ=1 = YL+YH
2

= YH
2

. Substituting into YH

Y ∗H = αWH −
(1− α)ρ

1− ρ
YH
2

And rearranging:

Y ∗H =
α

1 + (1−α)ρ
2(1−ρ)

WH

Substituting this back into the average wealth in scenario 2, where WH = 2:

Ȳθ=1 =
α

1 + (1−α)ρ
2(1−ρ)

Where the amount of investment spilt over into all parents payoff function is ρȲθ=1.

Proposition 6. The average investment when wealth inequality is extreme is greater

than the average investment at wealth equality. Therefore parents enjoy a higher

level of investment spillover. However, the total investment in the extreme wealth

inequality case is lower than that in the wealth equality case.
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Through Section 3.2 and 3.3 it has been illustrated that the equilibrium level of

investment is increasing in parent i ’s wealth5. As low wealth parents drop out of

investing, those parents that still invest are those that are wealthier. It follows

that the average level of investment would then be higher. From parents payoff

function it is evident the spillovers enjoyed by parent i is ρȲ . All parents enjoy this

average level of investment that is transferred through the peer effect. Therefore

when condition (6) does not hold and there is extreme wealth inequality, there are

actually higher spillovers for all parents to enjoy. However this increase in higher

parents investment is not greater than the total amount lost from some parents no

longer investing anything.

This example is the extreme case of inequality. It is the furtherest away low wealth

parents can be from the mean. Therefore it is the highest amount of parents who

can drop out of investing, assuming wealth is not negative. Any intermediate range

of low and high wealth such that condition (6) still does not hold would result in

a lower average investment, yet still higher than those that exist when condition

(6) holds. This is because when inequality is slightly lower6 high wealth types have

slightly less wealth, where as those at the low end of the investing pool have a slightly

higher wealth. Proposition 6 is driven by high types investment, thus as high wealth

parents’ are not so wealthy, the average level of investment will decrease. Contrasted

to when the condition (6) holds, the spread of wealth will be a determining factor

in the average level of investment when condition (6) does not hold.

Although the dispersion of wealth does not matter in terms of the total amount

invested in the population when condition (6) holds, different wealth levels will

induce different investment behaviour from parents. Consider the proportion of

wealth that parents invest in their children
Y ∗
i

Wi
.

Proposition 7. High wealth parents always invest a higher proportion of their wealth

compared to low wealth parents.

Proposition 7 is driven by low wealth parents free riding off spillovers. All parents

receive the same level of spillovers ρȲ . And therefore all parents free ride of the

same level of spillovers. This is illustrated in equation (8); Parent’s equilibrium is

a part specific to their own wealth minus some common proportion of the average

5Equation (4)and (8).
6But the mean is kept the same.
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wealth. This common term of Y ∗ in equation (8) is associated with free riding

off spillovers. It is a higher proportion of low wealth types investment Y ∗i because

WL < WH
7. This causes low types to invest a lower proportion than high types.

From this is it follows that lower wealth parents would invest more of a proportion of

their own wealth if in environment with lower spillovers. Lower wealth parents could

be induced to invest more by segregating them with other lower wealth parents, such

that the average wealth was lower than that of mixing with high wealth parents.

3.3.3 Discussion

Parents having heterogeneous levels of endowment specific to parental investment,

defined in this thesis as wealth, is a natural and intuitive concept. Section 3.3

allowed us to demonstrate parents behaviour when they must take into account the

wealth of their children’s peers’ parents. Parents of high and low wealth both behave

differently. More importantly though, wealth inequality has a large influence on

parents incentive to invest. It was demonstrated that as wealth inequality increases

there are more extreme investment behaviours and extreme differences in what the

children of low and high wealth parents receive.

The equilibrium level of investment described in equation (8) is the level that

maximises a parent’s overall payoff with respect to their wealth Wi. As low wealth

parents are a sufficient distance from the mean wealth, they are always better off

consuming their wealth personally and free riding off the spill overs of the remaining

investing parents. When the condition (6) held, wealth inequality did not matter

in terms of parents investment behaviour, only the average wealth did. This makes

sense, as parents’ interest in other parents wealth is purely from the spill over they

receive. I consider this counter intuitive to the real world. And that is because in

the real world wealth inequality is an influential factor in many social investments.

In fact, the real world is better reflected when the condition on wealth inequality

(6) does not hold.

Wealth inequality creates extremes in the investment that adolescents receive. This

reflects the notion of “the rich get richer and the poor get poorer”. As inequality

gets worse, wealthier parents invest an increasing amount into their children, while

the proportion of parents who drop out also increases. There is a large gap in the

total investment adolescents of high and low wealth parents receive. Specifically

7Consider
Y ∗
i

Wi
for a low wealth parent compared to high types now in this light. The common

term that is subtracted for all types is (1−α)ραW̄
1−αρ . Clearly,

(1−α)ραW̄
1−αρ
WL

>
(1−α)ραW̄

1−αρ
WH

.
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lower wealth parents’ children only receive the spillover ρYH
2

as any investment into

their behaviour. Higher wealth parents’ children receive this spill over ρYH
2

and

their parents investment, (1− ρ)YH . The difference between these investment levels

is clearly (1− ρ)YH . Therefore the spread between what is invested in each type of

adolescent is increasing as the peer influence decreases. Alternatively, as wealthier

parents are able segregate themselves away from low wealth families, through the

selection of neighbourhoods and school, this spillover is increasingly inaccessible to

lower wealth adolescents. Therefore although some segment of society will do much

better, the remainder do much worse.

Parents investing nothing or very little in their children is clearly not socially

desirable. Therefore wealth equality is important in respect to developing pro-

social behaviours in all adolescents. There are two ways in which to ensure full

participation from Equation (6): 1.either affect the spread of wealth such that it is

not too large, or 2.affect the parameter specification such that the condition is met.

1.Addressing Wealth Inequality

Currently there exist welfare payments and transfers that aim to support parental

investment for disadvantaged families. These policies aim to bridge wealth

inequality. Polices intended to assist parents in education and health expenses

include the Family benefit Tax, Youth allowance and Parenting Payment. From

this analysis, it is evident that cuts to these payments could have deeper effects

than possibly foreseen. For example, cuts to Parenting Payments in 2013 affected

approximately 65,000 disadvantaged families (Kleinman, 2013). Many of these cuts

affected single parent families. If these payments made up the predominant level of

investment these parents were able to afford, then reducing them could affect their

overall incentive to invest any positive amount. These are likely unintended affects

of welfare cuts, highlighting the importance of the intuition behind this model when

considering welfare policy and parents investment behaviour.

2.Affect Peer Influence and Altruism

An alternative way to ensure that inequality does not push too many low wealth

parents out of investment is through altruism and the peer influence. In Equation

(6) ρ and α play a role in determining how wide the spread of low and average

wealth can be until the inequality is such that parents drop out. Taking derivatives

in respect to ρ and α, it is shown that the RHS of Equation (6) is increasing in ρ

and decreasing in α (Proof in Appendix B.4). Since the lowest wealth WL has to

28



be greater than the RHS, by either increasing altruism or reducing the peer effect,

the environment becomes such that higher spreads in the wealth level will still leave

low wealth parents investing. From this, if the peer influence parameter decreases

less low wealth parents will drop out. This is because the less low wealth parents

rely on spillovers, the higher their incentive to invest some positive amount will be.

Interestingly if there is already inequality such that the condition (6) does not hold,

the gap between what high and low wealth parents invest will increases (as discussed

above). However, those that still invest zero, now a smaller proportion than before,

now receive less spillovers, and consequently the gap between the investment in

low wealth and high wealth adolescents increases as ρ decreases. Peer influences

therefore play a complicated role in the resultant spread of investments adolescents

receive.

In Section 2.3.1 the interaction that socio-economic disadvantages had with the

parenting process were discussed. Low income parents are not only disadvantaged

when it comes to parental investment in a monetary sense, but have their ability

to parent impacted because of the added stress and pressure of socio-economic

disadvantage. Therefore their total endowment in respect to parental investment

is affected over and above just the actual monetary disadvantage. If wealth had

been strictly defined in a monetary sense it would have been difficult to incorporate

this interaction. The broad definition ”wealth” in this model allows these results to

actually reflect important aspects of parents ability to invest in their children.

Section 3.3 emphasised that parents investment behaviour is actually significantly

affected by wealth inequality. This analysis has also revealed that wealthy parents

have something to gain from low wealth parents disadvantages. Given that wealthier

parents invest a higher proportion of their wealth (Proposition 7) and enjoy higher

investment spillovers when lower wealth parents do not participate in investment

(proposition 6), one would infer that high wealth types would prefer to be segregate

from low wealth types. This is now explored this in detail.

3.4 Allocating Peers by Parental Wealth

So far the assumption has been that adolescents of high and low wealth parents

interact in a mixed environment. In reality parents have the ability to influence

their children’s peer group makeup. Neighbourhoods and schools generally see

parents grouping through their wealth. Given that high wealth parents invest

a higher proportion of their wealth, there is a case that they may prefer to be

segregated. Furthermore, segregation may motivate low wealth parents to increase

their investment level, due to a decrease in investment spillovers. The implications
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to parents’ investment behaviour of grouping by wealth is now explored.

3.4.1 Set-up

The utility function and results from Section 3.2 and 3.3 continue to be used. There

are now two types of parents {H,L}. Parents H are those with a high level of wealth

WH and parents L are those with a low level of wealth WL such that WL < WH .

Equation (6), the assumption on the lowest level of wealth, must still hold in order

for our equilibrium level of investment to hold. Parents can interact in a segregated

environment, such that a high type’s children only interact with the children of other

high types, and similarly for low types. Alternatively they can mix, such that the

children of high and low types interact in the same environment.

Parents investment will differ if they are segregated or mixed. For segregated

parents, high and low types’ investment equilibrium is denoted as Y s
H and Y s

H

respectively. Utilising Equations (3) and (4) from Section 3.2:

Y s
H = αWH −

(1− α)ρȲ s
H

1− ρ
Focusing on the symmetric equilibrium, such that the average investment for the

segregated high types is Ȳ s
H = Y s

H , and substituting and rearranging, the equilibrium

investment level is:

Y s
H = αWH

1− ρ
1− αρ

And similarly for segregated low types,

Y s
L = αWL

1− ρ
1− αρ

From Equation (3) the investment level for high types who mix with low types is

descried as:

Y m
H = αWH −

(1− α)ρȲ m

1− ρ

The average investment in the mixing case can be derived from Ȳ m = αW̄− (1−α)ρȲm
1−ρ

(Equation (7)), where W̄ is the average wealth of the group W̄ = WH+WL

2
.

Simplifying,

Ȳ m = αW̄
1− ρ

1− αρ
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Substituting the average wealth into the high types investment level, equilibrium

investment level is:

Y m
H = αWH −

(1− α)ρ

1− αρ
· αW̄

Similarly, equilibrium parental investment level for low types who mix with high

types is:

Y m
L = αWL −

(1− α)ρ

1− αρ
· αW̄

3.4.2 Analysis

It would follow from section 3.3 that parents investment behaviour will change in

respect to the wealth level of their children’s peers’ parents.

Proposition 8. High types parents will invest more when they mix with low types

compared to being segregated with high types, Y m
H > Y s

H . Low types will invest less

when mixing, Y s
L > Y m

L .

Low types invest a lower proportion of their wealth when they are mixed with high

wealth types. Peers’ influence means when low types are segregated together there

are less spillovers from investment, inducing a higher equilibrium investment level.

On the other hand, when high types are segregated together they are able to enjoy

greater spillovers than they would if they were mixed with peers of low wealth.

Consequently they invest less. However, mixing and segregating induce the same

amount of total investment.

Proposition 9. The total parental investment in the case of mixing or segregation

will be equal.

Even though parents invest at different levels if segregated or mixed, the average

investment in the segregated population is the same as the average investment in

the mixed population. Therefore mixing induces no more investment overall than

keeping types segregated. This result implies that the overall utility from mixing is

the same as the overall utility from segregation. The following describes the total

payoffs of each parent in each environment in order assess which scenario offers the

highest overall return.
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For neatness let x = ρ(1−α)
1−ρ

In the segregated environment, high type parents receive a total utility of:

U s
H = (1− α) · ln(WH −

1

1 + x
αWH) + α · ln((

1

1 + x
αWH)

Which simplifies to:

U s
H = ln(WH) + α ln(

1

1 + x
α) + (1− α) ln((1− 1

1 + x
α)

Similarly for low types:

U s
L = ln(WL) + α ln(

1

1 + x
α) + (1− α) ln((1− 1

1 + x
α)

The total utility in the segregated environment is denoted:

U s
T = U s

H + U s
L

For the mixed environment, the utility of the high type will be:

Um
H = (1−α)·ln(WH−(αWH−

x

1 + x
αW̄ ))+α·ln((1−ρ)(αWH−

x

1 + x
αW̄ )+ρ(αWL−

x

1 + x
αW̄ ))

And for low types who mix:

Um
L = (1−α)·ln(WL−(αWH−

x

1 + x
αW̄ ))+α·ln((1−ρ)(αWL−

x

1 + x
αW̄ )+ρ(αWH−

x

1 + x
αW̄ ))

The total utility of the mixed environment is described as:
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Um
T = Um

H + Um
L

To simplify the analysis let WL = 1. The focus here is not on specific values

of wealth, but how the spread of wealth plays a role in determining the optimal

environment. Thus, when WL = 1, WH can be expressed as multiple above it,

for example when WH = 5, high types are 5 times as wealthy as the low types.

Comparing the utility of each type in the mixing and segregation environments:

Proposition 10. High type parents have a higher utility under segregation, U s
H >

Um
H , while low type parents have a higher utility when mixing, Um

L > U s
L.

This intuition follows from the previous results. High types enjoy a greater spillover

when segregated. Thus a higher overall payoff will be enjoyed. Similarly for low

types who are mixed with high types. Higher types are able to transfer more of their

wealth through the peer effect to those they share the environment with. Therefore,

both types enjoy the highest utility when grouped with high types.

Proposition 11. The total utility is always higher when parents mix rather than

segregate.

When parents mix there is a higher total welfare than if they were to segregate.

This is despite the overall level of investment in either environment being equal.

This result is due to the higher marginal benefit that lower wealth parents derive

from additional investment spillovers compared to that of high wealth parents8.

Specifically, the marginal return from the peer influence component of parent’s payoff

function, that is Ȳ−i , is decreasing in the level of Yi investment. Therefore, if parent

i’s investment Yi is lower than the average of all other parents’ Ȳ , they have will have

a higher gain from peers parents’ contribution (spillover), than if Yi were higher.

This idea can be reflected in a graphical representation of the difference between the

total utilities.

Figure 3.1 illustrates the gain (loss) for low (high) types when mixing, for parameter

specifications α = .5 and ρ = .59. As high types become wealthier than low types,

8That is, lower wealth parents have more to gain from spillovers than higher wealth parents.
9However these results holdfor any0 < α < 1 and 0 < ρ < 1.
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Figure 3.1: Comparison of the Difference in Utility From Mixing and
Segregating Types for Lows and Highs

low types have more to gain from mixing,given Equation (6) holds. Thus, as the

spread of wealth grows, there is a greater total welfare to be enjoyed when mixing

over being segregated.

The gain from mixing increases with increases in ρ as graphically demonstrate in

Figure 3.2:

Figure 3.2: Gain in Total Utility From Mixing as ρ increases

In figure 3.2 as ρ increases, the gain in total utility from mixing increases at an

increasing rate. Furthermore, this effect is stronger as the high type’s wealth

increases. As the peer effect gets stronger more of high wealth parents’ investment

is shared with the low wealth parents. This is despite an increase in ρ causing

a decrease in the level of equilibrium investment from high and low types (From

Proposition 3). It follows that when high types wealth is higher, there is a higher

investment, and thus it takes a lower ρ for there to be higher gains to mixing.
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Figure 3.3: Gain in Total Utility from Mixing as α Increases

As altruism increases the total welfare from mixing over segregating also increases

for intermediate values. As demonstrated previously, as α increases both parents

investment will increase. Thus, initially the increase in high types investment means

there are greater spillovers for low types to enjoy. Also illustrated is that as altruism

gets larger, the gains from mixing begin to decrease. The higher α is the more

low wealth parents are induced to invest from their own wealth and not rely on

spillovers. Thus, as α increases, gains in mixing will decrease because both types

are being induced to invest more independent of any spillovers10.

Finally, it is emphasised that while there are greater gains to mixing as the spread

of wealth increases, this is constrained by the condition on the lowest level of wealth

Equation (6). Contrasting to Section 3.3, wealth inequality has an impact on the

gain in social welfare given mixing even as the condition for full participation (6)

holds.

3.4.3 Discussion

The propositions in Section 3.4 reflect the way in which families in the real world

actually form groups. Parents with higher wealth do in fact prefer to mix with

other higher wealth families. Neighbourhoods and communities are characterised

generally by the average wealth of their residents. An extreme example of this is the

idea of Gated Communities. There is also a general consensus that there correlations

between higher crime rates and poorer communities (Demombynes and Özler, 2005).

10In the Proof for Proposition 4 the cause of this is touched on. When wealth is heterogeneous,
certain higher ranges of altruism actually cause equilibrium investment to decrease. Altruism
has competing effects. However this result is not explored fully, as the range of wealth where
equilibrium investment is decreasing in altruism lies below that of condition (6), as described in
Prood A.1.
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Segregating of adolescent types is also observed outside of neighbourhoods. This is

exemplified in the private school system, in which parents can further influence the

peer group their children interact with.

In the literature overview, empirical analysis illustrated how disadvantaged

adolescents form groups together (Dishion et al., 2012). There is also empirical

evidence that supported the idea that communities can have both a pro-social or

antisocial influence on adolescents (Chung and Steinberg, 2006) in which parents

make some selection into the community. When parents are able influence and select

peers, that the magnitude of the peer effect decreases (Kandel, 1996). Therefore

there is empirical support for the conclusions of Section 3.4; The makeup of the

environment in which adolescents interact has a significant effect on adolescents

propensity towards anti-social behaviour.

Similar matching models are seen in economic literature. Becker (1974) considers the

marriage market and how males and females optimally match, based on a range of

characteristics relevant to spouse selection. Similar to Section 3.4, optimal matching

is driven by who have the most to gain from a shared additional investment. In our

case lower wealth parents gained the most from an increase in spillovers, thus it was

optimal to group such that they received the highest spillovers. However, where as

Becker considers the ”investment” as fixed, working out for a given investment level

whether the match is optimal, this model gives investment as endogenous to the

matching environment, allowing for a more general result.

Mixing low and high wealth families with the aim of inducing some positive influence

is a concept that has actually been realised, with policy experiments carried out. In

The United States of America, a randomized social experiment was sponsored, in

which low-income families were given some assistance in moving into more desirable

neighbourhoods. The Moving to Opportunity for Fair Housing (MTO) was carried

out in the 1990s with results being available through the mid-2000s. Ludwig et al.

(2001) utilised this large experiment to focus on the effects on anti-social behaviour

for low-income families. They find that the policy reduces adolescent arrests for

violent offences by 30% to 50% as compared to the control group. They however

acknowledge that there is still work to be done in discerning whether this is in fact

the best option over a range of other factors.

I now make a brief comment on policy implications. Adolescents mix with each

other in various environments. Whilst neighbourhoods are the most obvious, policy

directed at mixing families through re-location are fairly intrusive and costly. There
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is also an obvious ethical issue inherent in mixing. In a democratic society it is

assumed that one has the freedom and right to be able to select where one wishes to

live. High wealth parents will want to segregate, and are able to do so because of their

higher wealth. Since the total utility of the mixed environment is higher than that of

the segregated environment, in theory there is some level of transfers such that each

type is better off. That is mixing can be “Pareto optimal”11. Realistically though

this is an extreme policy approach that cannot be carried out in a meaningful way.

However there are other environments in which adolescents make social interactions,

such as Schools and social or sports clubs. These environments represent more

practical opportunities for policy to induce mixing.

A large amount of literature on adolescents anti-social behaviour advocates school-

based friendships as key peer influences towards anti-social, among pro-socail,

behaviours Dishion et al. (2012). Policy can be structured to require some minimum

level of adolescents from disadvantaged background to be enrolled in schools geared

towards higher wealth families. Alternatively, the quality of public schools could be

increased in order to incentive parents of moderate wealth to enrol their children

there. Contrasted to this, there are studies that show importance of school

interactions may be exaggerated. Kiesner et al. (2004) worked with a large sample

of Swedish adolescents to examine peer relations across contexts. They observe that

while the bulk of social interaction is in the school environment, the relationships

most likely influence a propensity towards delinquency are those made out of school.

In fact, those more likely to be persistent offenders were less likely to form close

peer relationships in the schooling environment. In summary, practical policies that

induce mixing should be sought outside the neighbourhood level. However in order

to devise a effective policy, the type of relationship and the associated strength of

the peer influence made in each environment needs to be studied closely.

Ultimately, policy that attempts to induce parents of different wealth levels to mix

would be much more effective, practical, and ethical, if it did so by actually giving

parents an incentive to want to mix. For example, neighbourhoods that are not as

expensive as ”rich” areas but offer a family orientated community. In the schooling

case, making public schools better teaching institutions that parents of a range of

wealth levels want to send their children there. Mixing over segregating in order

to promote pro-social behaviours in adolescents is intuitive and could have further

reaching effects in regard to general social equality.

11Although the nature of such transfers is difficult to imagine in the real world. Obviously low
wealth parents, by their nature, would not be able to transfer actual monetary wealth. Transfers
would have to come from reductions in resources needed for juvenile delinquency. Essentially
though this is impractical.
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3.5 Adolescent Heterogeneity and Multiple Equilibria

The following presents a demonstration of how certain functional forms of parents’

payoff can result in multiple equilibria. Specifically, a payoff function in which

adolescents have some heterogeneous propensity towards anti-social behaviour is

considered. A series of graphical representations are made in order illustrate the

intuition and reasoning behind this result.

3.5.1 Set-up

Adolescent Heterogeneity

Individual specific risk factors12 play an important role in determining adolescent

propensity towards anti-social behaviour. Adolescent heterogeneity is now

incorporated into parents payoff. Adolescents now have some individual specific,

innate propensity towards committing anti-social behaviour εi. The specific

propensity εi has a bell shaped distribution εi ∼ G, with a mean of ε̄.

Parents’ Payoff

Parents are once again homogeneous; Wealth Wi is fixed at W . The innate

propensity of parent i ’s child is ex-ante unobservable. Parents’ utility function

is again Equation (1):

Ui = U(Ci, Yi, Y−i),= (1− α) · f(Ci) + α · g(Yi, Y−i)

The function f is some strictly increasing function. The function g, Parent i ’s payoff

of the adolescent outcome, is the probability of their child not committing anti-

social behaviour g(Yi, Y−i) = π(Yi, Y−i). Since this probability can be interpreted as

π(Yi, Y−i)) = (1−Prob(Commit Anti-social behaviour), parents payoff function g is:

π(Yi, Y−i) = (1−G(
ρ

(1− ρ)
ε̄− (1− ρ)Yi − ρȲ ) (9)

Where Prob(Commit Anti-social behaviour) = G( ρ
(1−ρ)

ε̄− (1− ρ)Yi − ρȲ )

Appendix C.2 provides a detailed derivation of this payoff. This probability

π(Yi, Y−i) is increasing in Yi and Ȳ . Parents’ payoff is now decreasing in some

proportion of ε̄.

12Individual specific propensity reflects the idea of an innate cognitive risk factor, such as
impulsiveness, aggressiveness, low intelligence or recklessness, etc.
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Parents investment behaviour depends on the way their investment Yi shifts

adolescents’ propensity π(Yi, Y−i) away from anti-social behaviour. Figure 3.4 gives

an illustration of this.

Figure 3.4: Parents Pay off Function g: The probability of No
Anti-Social Behaviour With Respect to Parental Investment Yi

At small levels of Yi, the marginal returns to additional investment are low. As Yi

increase there are increasing returns to investment. As Yi is above a certain point,

additional investments have a decreasing marginal return. The idea is that minimal

initial investments do not shift adolescent propensities a great deal. Similarly the

marginal return after a parent has already invested a lot is decreasing13.

Using Figure 3.4, as peers’ parental investment Ȳi increases, the curve will shift to

the left. Parent i ’s investment of Yi will have higher returns, as the extra added

investment from the increase in Ȳ gives Yi a higher marginal return. The converse

is true for a decrease in Ȳi.

Using the budget constraint Ci = W−Yi and substituting (9) into the parents utility

function Equation (1):

Ui = U(Yi, Ȳ−i)) = (1− α)f(W − Yi) + α(1−G(
ρ

(1− ρ)
ε̄− (1− ρ)Yi − ρȲ ) (10)

13 An example of what this reflects would be parental supervision. A small amount of supervision
would not deter anti-social behaviour very much. Therefore, increases from this small level,
say from 1 hour to 1 and a half hours, have a minimal positive impact. However as this
increases, marginal investment will be drastically more effective in promoting desired behaviour.
Subsequently there would be little gain in a move from a high level of supervision, like 18 hours,
to around the clock supervision.
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Parents’ maximise their utility function (10) in respect to Yi. Taking the first order

condition of the parents utility function with respect to parental investment, with
∂Ui
∂Yi

= 0 and ∂2Ui
∂Y 2

i
< 0:

1− α
α

.f ′(W − Y ∗) = (1− ρ)g(
ρ

(1− ρ)
ε̄− (1− ρ)Yi − ρȲEi) (11)

The left hand side of Equation (11) is the marginal cost of parental investment, and

the right hand side the marginal benefit.

3.5.2 Best Response to Peer’s Parental Investment and

Multiple Equilibria

The following graphical representations of marginal payoffs and best-responses

are given in order to illustrate the multiple equilibria present in the adolescent

heterogeneity model.

The following diagrams give the marginal utility of parent i ’s investment Yi against

the marginal cost of Yi, which is personal consumption. The parameters {α, ρ, ε̄}
are fixed and specified such that there is always some positive level of equilibrium

investment for parent i ; Y ∗(Ȳ ) > 0 over a range of Ȳ .

Figure 3.5: Marginal benefit of Parental investment compared to
Marginal cost (personal consumption)

The increasing black curve in Figure 3.5 represents the marginal cost of parental

investment14. The blue line depicts the marginal utility derived from parents

14From (11) it is clear that marginal utility of personal consumption is convex, that is ∂2f
∂Y 2

i
> 0
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investment in their adolescents15.

The area captured in between the marginal cost and marginal benefit curves is the

overall payoff. The area under the cost curve and above the benefit curve is the cost

of parental investment16. The area above the marginal cost curve and below the

marginal benefit is the gain from the investment at Y ∗(Ȳ ).

A non-zero equilibrium level of investment Y ∗(Ȳ ) will always exist when the overall

payoff is positive. That is, when the area above the marginal cost curve is greater

than the area under the curve parents always have some positive return from extra

investment in Yi. This is until Y ∗(Ȳ )17. Investment past Y ∗(Ȳ ) yields a negative

return.

Figure 3.6: Marginal benefit of Parental investment Yi compared to
Marginal cost (personal consumption) ii Low level of peer parental

investment ȲL

Intuition 1. The best-response level of investment for parent i will increase when

the average level of peers’ parental investment decreases, that is Y ∗(Ȳ ) < Y ∗(ȲL) if

Ȳ > ȲL.

When the average of peers’ parental investment decreases, the payoff curve in Figure

3.4 shifts to the left. The marginal returns of parent i ’s investment Yi are now

initially lower. Therefore, the marginal benefit curve shifts to the right. It would

follow that the opposite is also true, that is a relatively higher average investment

15 The shape of the marginal benefit curve is derived off Figure 3.4. It is clear, marginal returns
are low and gradually increase, then increasing at an increasing rate, and then begin to decrease.

16That is, the loss associated with taking investment away from personal consumption and into
parental investment

17This includes the point where cost and benefit curves first intersect. That is, it is always
beneficial to invest past this point if the overall pay off is positive.
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made by peers’ parents is best responded with a decrease in parent i ’s equilibrium

level of investment.

As the average of peers’ parents’ investment becomes smaller, parent i ’s best

response is to invest higher amounts of Y ∗i . I now define the highest level of parent

i ’s equilibrium investment.

Definition 1. Ŷ (ȲI) is defined as the maximum level that the equilibrium investment

Y ∗(Ȳ ) will take across the given a fixed parameter specification {α, ρ, ε̄}.

When the average of peers’ parental investment is a sufficiently low level ȲI , the total

payoff from investing is equal to the cost18. At this level ȲI , parent i is indifferent

between investing at Ŷ (ȲI) and zero.

Figure 3.7: Multiple Equilibria at ȲI

Intuition 2. There is a threshold value of parents belief of peers’ parents’ investment

ȲI such that parent i is indifferent between investing 0 or a positive level Ŷ (ȲI). At

any level of peers’ parents investment below this point, parent i invests 0.

As the average peers’ parental investment goes below ȲI , a threshold is passed such

that parent i ’s investment has such a small impact, the payoff of investing any

amount is never greater than simply consuming that wealth personally.

The best-responses for parent i towards peer’s parent’s investment level can be

expressed as:

18The areas between these two curves are equal.
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Y ∗i =


0 ∀Ȳ < ȲI

0 or Ŷ if Ȳ = ȲI

< Ŷ if Ȳ > ȲI

Or Diagrammatically,

Figure 3.8: Parent i ’s Investment Reaction i

Figure 3.8 illustrates the discontinuity in Parent i ’s best response to peers’ parents

investment. Parental investment behaviour exhibits a large jump from 0 to the

maximum Ŷ when this threshold level of ȲI is passed. The 45 degree line depicts

the equilibrium of the heterogeneous adolescent case. For the range of peers’ parental

investment Ȳ > ȲI investment behaviour is analogous to what has been observed

so far in this thesis. As Ȳ increases Y ∗ decreases, as parents aim to take advantage

of the expected spillovers from other parents. Equilibrium will be some positive

amount when Y ∗ = Ȳ . However these results are now contrasted when peers’

parental investment is in the range Ȳ < ȲI . In this range, any level of parent i ’s

investment has such a small return, equilibrium investment is zero.

Throughout this thesis there has always been some positive level of investment

or spillovers that parents receive. However the inclusion of variables that induce

anti-social behaviour outside parents influence, in this case the innate propensity

of adolescents, affect the payoff of investment. Here it is illustrated that parental

investment behaviour can completely break down when there are factors representing

a threshold that must be overcome in order for investment to give a positive return.
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3.5.3 The Peer Environment And Zero Investment

Throughout this Section it has been assumed that the parameter specification

{α, ρ, ε̄} was such that there exists some positive equilibrium level of parental

investment. The parameter specification could be such that there is no equilibrium

level of investment, as illustrated by parent i ’s best response function in Figure 3.9.

Figure 3.9: Parent i ’s Investment Reaction ii

This is the scenario in which some specification of parameters {α, ρ, ε̄} shifts the

payoff curve in Figure 3.4 to the right sufficiently enough for there to be no positive

net return from investment. In this case the equilibrium level of investment Y ∗ = 0.

This is described as an environmental problem19.

In the adolescent heterogeneity case, adolescents’ innate propensity is becomes an

additional factor transmitted through peer influence. However it its a negative

influence. This effect is captured by ρ
(1−ρ)

ε̄. Consider ε̄ a representation of the overall

negative peer influences adolescents’ because of peers’ innate propensity. A higher ε̄

indicates a worse environment. When ε̄ is high, the payoff curve in Figure 3.4 moves

to the right. Parents’ investment Yi has a higher threshold to pass, and therefore

lower marginal returns. Alternatively, if ε̄ decreased, parents investment would have

a higher marginal effect, and the equilibrium level of investment Y ∗ = Ȳ would be

lower. Therefore there is some value in being able to affect the innate propensity

of the entire group to ensure a positive equilibrium exists, and to increase parents

incentive to invest.
19When the parameters are exogenously determined they represent the environment in which all

parents are making their investment decision.
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3.5.4 Discussion

The discussion is broken up into three parts. First a comparison is made to economic

models of behaviour that incorporate multiple equilibria. Second the model is used

to discuss policy that can be used to mitigate the possibility of multiple equilibria.

Last, I discuss a way in which one can potentially offer an evaluation of early

childhood investment. These points also serve as potential extensions to the model

in Section 3.5.

Multiple Equilibria In Economics

Multiple equilibria is a common element of economic models in which behaviour is

characterised by some belief of others behaviour.Andvig and Moene (1990) build

a similar model in which there are multiple equilibrium points for the proportion

of corrupt officials. The decision by some official to be corrupt is linked to his

peers’ decisions through the payoff function20. Costs c are heterogeneous with some

bell shape distribution. Similar to Section 3.5, as various parameters inside the

function change, the proportion of corrupt curve moves similarity to our parents

marginal benefit curve. If an official believes that a high proportion of his peers

partake in corruption, such that it is past a threshold level, corruption increases

significantly, and there is nearly full participation in corruption. Here the payoff

is at its smallest. Although in a different context the idea is analogous; when

payoffs are related to the behaviours of peers with identical payoffs, and there is

some element of heterogeneity in costs, there will be sharp contrasts in equilibrium.

Therefore, there is some confidence that our modelling implications are of sound

intuition, both economically and realistically.

Policy to Mitigate the Zero Equilibum

The possibility of a zero investment equilibrium is driven by the threshold that

must be passed in order for investment to be positive. When the average peer

parental investment, which are the spillovers a parents receives, are in a low range

this threshold is not overcome and parents investment does not yield a positive

net return. From a policy perspective, an intuitive way to address this issue is to

guarantee some level of parental investment. It is very difficult to enforce parents’

20the higher the proportion of officials accepting bribes the lower the overall payoff for each
individually.
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investment level for obvious reasons21. A level of parental investment such that the

threshold is reached can be guaranteed through substitutes to parental investment.

A factor of parental investment is parents’ supervision and mentoring. The quality

of these investments is dependent on the ability of the parent. However, there is a

large field of professional practitioners that work with adolescents in mentoring

programs, offering a similar influence. There are a wide range of adolescent

mentoring initiatives, examples of American and Australian mentoring programs

include Multi-systemic Therapy or ‘Big Brother, Big Sister’. Programs such Multi-

systemic Therapy aim to develop positive behavioural skills in adolescents at risk

of committing anti-social behaviour, as well develop the parenting skills of those

parents whose children have been through juvenile detention. Empirically it has

been demonstrated that there are significant positive responses to these programs22.

Importantly these substitutes offered would have to be high enough to incentive

investment above the zero equilibrium range, but low enough such that parents do

not free ride. Overall, this model demonstrates an different kind of intuition for the

support of such programs.

Evaluation of Early Childhood Investment

Early childhood investment can be an efficient way to address the negative peer effect

that comes from the average of the adolescents’ propensity to commit anti-social

behaviour. When the average innate propensity towards anti-social behaviour ε̄ is

high, parents have a lower marginal benefit from investment. This parameter could

be so high that there are never any positive gains to parental investment. Early

investment, discussed in Section 2.3.2, can affect this innate propensity23. From

Heckmans research outlined in the literature review, Section 2.3.2, it is shown that

there are higher returns for early investment relative to investment in adolescence.

This is due to the higher effect childhood intervention has on developing cognitive

and non-cognitive skills that are essential in adolescence. Therefore there may be

greater returns to earlier investment if it can shift the equilibrium level of investment

sufficiently.

21How would one measure the intangible investments like mentoring? How would one measure
supervision or time spent with children effectively?

22Chilenski et al. (2007) looks at data in Pennsylvania where these programs had been
implemented, ? looked at similar programs in aimed at indigenous Australians. In a review
of programs for minority juveniles in Australia and New Zealand he found that mentoring is a
promising strategy in reducing offending,

23These were investments which targets cognitive and non-cognitive factors, like decision making,
aggression, etc.
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Consider now some early investment Ye from all parents. This investment in early

childhood intervention affects the mean of the adolescent distribution, ε̄, such that

all peers have some lower propensity towards delinquency. From Figure 3.4 this

would shift the marginal benefit curve to the left, offering a higher initial incentive

to invest. However this would also lower equilibrium investment level to Y ∗e
24. Now

there is a lower equilibrium investment Y ∗e < Y ∗. Very broadly, an evaluation can

be made on the value of early childhood investment. If the decrease in equilibrium

investment is greater than the cost of early childhood intervention, then there is

some gain in early investment. That is, if Ye < Y ∗ − Y ∗e
25, there would be some

surplus generated from the early investment.

Finally, the value of this investment is increasing in the strength of the peer effect,

that is, in parents pay off function ε̄ρ
(1−ρ)

is always increasing where ∂ε̄
∂ρ

> 0 and
∂2ε̄
∂ρ2

> 0 . In this case, early investment that addresses ε̄ can also be a subversive

way to mitigate the effects of a high peer influences on investment.

24Ȳ moving consider ε̄. Movements in ε̄ have the opposite affect toȲ to parental investment,
however the basic intuition is the same.

25A more thorough way of evaluating the value would take into account some discount value
associated with earlier investments.
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Chapter 4

Conclusion

This thesis developed a framework of parents’ investment behaviour in the context

of adolescent anti-social behaviour. This framework was extended to incorporate

relevant characteristics which produced some intuitive results. Through the basic

model the impact of investment spillovers through the peer effect was emphasised

as the cause of underinvestment. Incorporating heterogeneous wealth, we observe

that wealth inequality leads to very wide divergences in the amount of investment

between disadvantaged and privileged adolescents. From wealth heterogeneity we

conclude that high wealth parents have an incentive to segregate away from low

wealth parents. However, when low and high types mix together, there is an

overall higher social welfare driven by low wealth parents higher marginal return

from spillovers. Finally we incorporate an individual specific propensity towards

anti-social behaviour, and are able to illustrate that parental investment can have

multiple equilibrium levels. In this case, there is a risk that equilibrium investment

is zero.

The framework developed in this thesis gives fertile ground for substantial

extensions. Considering wealth heterogeneity, this thesis gave a simplified example

of the effect of wealth inequality given certain levels of wealth. This can be developed

to be more general and incorporate specific types of wealth distribution. In terms

of selection through parental wealth, consider if parents are able to transfer wealth

in order to select peers. That is, pay to move into a neighbourhood. This would

mean that low types can sacrifice their investment in order to secure some higher

spillover. Competition to move into ideal neighbourhoods would inherently lead to

underinvestment. Ironically, this would then lead to neighbourhoods where there

were minimal spillovers to enjoy, because wealth was spent in selecting peers. Last,

modelling heterogeneity in adolescents allows for extensions that look at the effect

of separating adolescent types. In this extension, there are two types of adolescents,

grouped by some high and low mean level of average propensity towards anti-social

behaviour. This extension can be would offer a useful insight to questions like

minimum school drop out age1.

1Anderson (2012) is a good example. While keeping at-risk and borderline delinquent
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The contribution of this thesis lies in the development of this framework. The new

perspective of an old problem proved to have substantial value, both through the

results of this thesis and the wide range of possible extensions. The conclusions

in this thesis, and any resultant extensions, provide an understanding of how to

address adolescent anti-social behaviour that can be incorporated at a policy level.

adolescents in school reduces their propensity towards anti-social behaviour, they are a negative
influence on those good students.
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Appendix A

Proposition Proofs

A.1 Proposition 1

Proof. For ρ;

using (4)
∂Ui
∂ρ

= αW
α− 1

(1− αρ)2

Given α < 1, ∂Ui
∂ρ

< 0, and thus Y ∗ is decreasing in ρ

Proof. For α;

using (4)
∂Ui
∂α

=
W (1− ρ)

(1− αρ)2

Given ρ < 1, ∂Ui
∂α

> 0 and thus Y ∗ is increasing in α.

A.2 Proposition 2

Proof. From (5) and Y sp = αW :

Y sp = αW ≥ αW
1− ρ

1− αρ
= Y ∗

Dividing by αW

1 ≥ 1− ρ
1− αρ

Since α < 1, this inequality holds and thus Y sp ≥ Y ∗

A.3 Proposition 3

Proof. For ρ
∂ Y ∗

Y sp

∂ρ
=

1− α
(1− αρ)2
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Since α < 1 then
∂ Y ∗
Y sp

∂ρ
> 0 and Y ∗ moves away from the efficient Y sp as ρ increases.

Proof. For α
∂ Y ∗

Y sp

∂α
=
−ρ(1− ρ)

(1− αρ)2

Since ρ < 1, then
∂ Y ∗
Y sp

∂α
< 0, thus as α increases Y ∗ moves closer to Y sp.

A.4 Proposition 4

Proof. For ρ

−∂Y
∗
i

∂ρ
=

(1− α)αW̄

(1− αρ)2

Since α < 1
∂Y ∗

i

∂ρ
< 0

And Y ∗i is decreasing in ρ

Proof. For α

∂Y ∗i
∂α

= Wi −
ρ(1− 2α + α2ρ)

(1− αρ)2
W̄

Therefore, for
∂Y ∗

i

∂α
> 0 to be true

Wi >
ρ(1− 2α + α2ρ)

(1− αρ)2
W̄

Consider the condition in equation 7 that bounds wealth such that our equilibrium

holds, that is,

αWi ≥
(1− α)ραW̄

1− αρ
If this holds for Wi then it is such that

Wi >
ρ(1− α + α2ρ)

(1− αρ)2
W̄

is always true

Proof.
(1− α)

1− αρ
>

(1− 2α + α2ρ)

(1− αρ)2

(1− α)(1− αρ) > 1− 2α + α2ρ
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1− α− αρ+ α2ρ > 1− 2α + α2ρ

αρ < α

True as α < 1 and ρ < 1

Since Wi must always be such that equation 7 holds in order for equilibrium to hold,

the condition for
∂Y ∗

i

∂α
> 0 is always satisfied.

A.5 Proposition 5

Proof. For W̄

∂Y ∗i
∂W̄

= −((1− α)ρα)

Since α < 1
∂Y ∗

i

∂W̄
< 0 Y ∗i is deceasing as W̄ increases

Where the average wealth, Ȳ is increasing

∂Ȳ

∂W̄
= α

1− ρ
1− αρ

Since α < 1 and ρ < 1 ∂Ȳ
∂W̄

> 0

A.6 Proposition 6

Proof. We show that for some extreme case of wealth inequality where the average

investment when assumption (6) does not hold is higher than under the assumption

with perfect equality. Thus we show:

Ȳθ=1 =
α

1 + (1−α)ρ
2(1−ρ)

>
α(1− ρ)

1− αρ
= Ȳθ=0

Simplifying

1− αρ > (1− ρ)(1 +
(1− α)ρ

2(1− ρ)
)
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2− 2αρ > 2− 2ρ+ ρ− αρ

−αρ > −ρ+

ρ > αρ

Since 0 < α < 1 and 0 < ρ < 1 this is true, and thus Ȳθ=1 => Ȳθ=0

Proof. The spillover is higher in the inequality case.

The spillover that parents enjoy in their payoff function is ρȲ . Therefore since

Ȳθ=1 => Ȳθ=0 This is true.

Proof. Total Investment in the equality case is the proportion of parents who invest

at the average. Since all parents invest, the total investment can be represented by

Ȳθ=0.

In the inequality case, the proportion of parents who invest is only 1
2
, there full we

can express full investment as Ȳθ=1

2
.

Therefore the following must be true:

Ȳθ=0 >
Ȳθ=1

2

Substituting
α(1− ρ)

1− αρ
>

1

2

α

1 + (1−α)ρ
2(1−ρ)

Rearranging

2 +
(1− ρ)

(1− α)ρ
>

1− αρ
(1− ρ)

2− 2ρ+ ρ− αρ > 1− αρ

Simplifying

1 > ρ

Which is true. Thus Total investment is higher when all parents invest with an

average investment of Ȳθ=0.
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A.7 Proposition 7

Proof. Consider the difference between the proportions of wealth

YH
WH

− YL
WL

=
(1− α)ρα

1− αρ
· ( W̄
WL

− W̄

WH

)

Since 0 < α < 1 and 0 < ρ < 1 , (1−α)ρα
1−αρ > 0

And clearly W̄
WL

> W̄
WH

as WL < WH .

Thus the difference between the proportion of wealth people invest and low people

invest is always positive.

A.8 Proposition 8

Proof. If Y m
H > Y s

H Then

αWH
(1− α)ρ

1− αρ
· αW̄ > αWH

1− ρ
1− αρ

αWH(1− 1− ρ
1− αρ

) >
(1− α)ρ

1− αρ
· αW̄

αWH
(1− α)ρ

1− αρ
>

(1− α)ρ

1− αρ
· αW̄

WH > W̄

Since W̄ = WH+WL

2
, WH > W̄ holds and thus Y m

H > Y s
H .

Similarly for Y s
L > Y m

L ,

αWL
1− ρ

1− αρ
> αWL

(1− α)ρ

1− αρ
· αW̄

With the same steps as above,

W̄ > WL

Since W̄ > WL holds, Y s
L > Y m

L .

A.9 Proposition 9

We want to check that Ȳm = Ȳs, that is that the average investment for mixing is

equal to the average investment of segregating, and thus the total amount invested

in either scenario is equal.
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We first derive the average investment for the segregating case, that is:

Ȳ s =
Y s
H + Y s

L

2

Substituting and simplifying

Ȳ s = α
1− ρ

1− αρ
WH +WL

2

Since W̄ = WH+WL

2

Ȳ s = αW̄
1− ρ

1− αρ
And from previous working in Section 3.3 we showed that

Ȳ m = αW̄
1− ρ

1− αρ

Thus Ȳ m = Ȳs and the total investment in the mixing case is equal to the total

investment in the segregating case.

A.10 Proposition 10

Proof. The utility of a high type is always higher when segregated if

U s
H − Um

H > 0

Substituting in our utility functions, with WL = 1 and simplifying we get to

α ln[
(ρ− 1)(αρ+ (2− αρ)WH)

ρ− αρ+ (ρ− 2 + αρWH)
] > 0

To verify this is positive we have to confirm that the numerator is greater than the

denominator in the ln fraction. Thus we check if

(ρ− 1)(αρ+ (2− αρ)WH)− ()ρ− αρ+ (ρ− 2 + αρWH)) > 0

Simplified to

55



−ρ(αρ− 1)(WH − 1) > 0

Given 0 < ρ < 1, 0 < α < 1, andWH > 1, then this is positive, and thus the fraction

in our logarithm function is greater than one, and we verify that U s
H − Um

H > 0.

Thus U s
H > Um

H

Now we compare the utility for low types WL for mixing or segregating environments.

The utility of the low type is always higher when mixing if

Um
L − U s

L > 0

Now in a similar procedure to above, we substitute our utility functions, withWL = 1

and simplifying we get to

α ln[
−2 + ρ+ αρ+ (ρ− αρ)WH

((ρ− 1)(2− αρ+ αρWH)
] > 0

Again we verify that the numerator is greater than the denominator in the ln

fraction. Thus

−2 + ρ+ αρ+ (ρ− αρ)WH − ((ρ− 1)(2− αρ+ αρWH) > 0

Which simplified is

−ρ(αρ− 1)(WH − 1) > 0

(which is the same result as the previous proof)

And thus, as 0 < ρ < 1, 0 < α < 1, andWH > 1, then this is positive, and thus the

fraction in our logarithm function is greater than one, and we verify that Um
L −U s

L >

0, Thus Um
L > U s

L

A.11 Proposition 11

In a similar procedure for the proof for Proposition 9, we now verify that the total

utility for the mixing environment is higher than that of the segregated environment,

that is
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Um
T > U s

T

Again, we describe this as

Um
T − U s

T > 0

Which when subbing in our utility functions and simplifying can be expressed as

α ln[
(2− (1 + α)ρ+ (α− 1)ρWH)(ρ− αρ+ (αρ− 2 + αρWH))

(ρ− 1)2(2− αρ+ αρWH)(−αρ+ (−2 + αρ)WH)
] > 0

Again, to verify this is positive we have to confirm that the numerator is greater

than the denominator in the ln fraction. Thus we check if

(2− (1 + α)ρ+ (α− 1)ρWH)(ρ− αρ+ (αρ− 2 + αρWH))−

((ρ− 1)2(2− αρ+ αρWH)(−αρ+ (−2 + αρ)WH)) > 0

This is simplified to

−(−2ρ)ρ(αρ− 1)2(WH − 1)2 > 0

And thus, as 0 < ρ < 1, 0 < α < 1, and WH > 1, then this is positive, and thus the

fraction in our logarithm function is greater than one, and we verify that

Um
T − U s

T > 0

And that Um
T > U s

T
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Appendix B

Miscellaneous Proofs

B.1 FOC of First Model and Result 1.

Proof. Differentiating the utility function

Ui = U(Yi, Y−i)),= (1− α) · ln(W − Yi) + α · ln((1− ρ)Yi + ρȲ )

With respect to Yi

∂Ui
∂Yi

= − (1− α)

(W − Yi)
+

α(1− ρ)

((1− ρ)Yi + ρȲ )

To find the maximum we let ∂Ui
∂Yi

= 0

And thus rearranging

Yi = αW − (1− α)ρȲ

1− ρ
(3)

Focusing on the symmetric equilibrium such that Yi = Y−i = Ȳ .

Therefore,

Yi = αW − (1− α)ρYi
1− ρ

And rearranging

Y ∗ = αW
1− ρ

1− αρ
(4)

Which, from the second order derivative, is verified as a maximum, ∂2Ui
∂Y 2

i
< 0.

B.2 FOC of Social Planner/Result 2.

Proof. The for the social planner Yi = Y−i = Ȳ from the outset. Differentiating the

utility function

Ui = U(Yi, Y−i)),= (1− α) · ln(W − Yi) + α · ln(Yi)

With respect to Yi
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∂Ui
∂Yi

= − (1− α)

(W − Yi)
+
α(1− ρ)

Yi

To find the maximum we let ∂Ui
∂Yi

= 0

And thus rearranging

Y sp = αWi (4)

Which, from the second order derivative, is verified as a maximum, ∂2Ui
∂Y 2

i
< 0.

B.3 Corollary 1

Proof. At Y ∗i = αW 1−ρ
1−αρ Where we let z = 1−ρ

1−αρ

Ui = (1− α). ln(W − αWz) + α. ln(αWz)

rearranging

Ui = (1− α). ln(Wi) + (1− α). ln(1− αz) + α. ln(Wi) + α. ln(αz)

And simplifying

Ui = ln(Wi) + (1− α). ln(1− αz) + α. ln(αz)

Now the Utility under the social planner investment level, that is Y sp = αW

Usp = (1− α). ln(W − αW ) + α. ln(αW )

rearranging and simplifying

Usp = ln(W ) + (1− α) ln(1− α) + α. ln(α)

Now, if, Usp > Ui, then

Usp = ln(W )+(1−α) ln(1−α)+α. ln(α) > ln(Wi)+(1−α). ln(1−αz)+α. ln(αz) = Ui

rearranging

(1− α) · (ln(1− α)− ln(1− αz)) > α · (ln(αz)− ln(α))

(1− α) · (ln(
1− α
1− αz

)) > α · (ln(
αz

α
)
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substituting z = 1−ρ
1−αρ and simplifying

(1− α) · (ln(1− αρ) > α · (ln(
1− ρ

1− αρ
)

ln(1− αρ)− (α) ln(1− αρ) > α · ln(1− ρ)− α · ln(1− αρ)

ln(1− αρ)− (α) ln(1− αρ) > α · ln(1− ρ)− α · ln(1− αρ)

ln(1− αρ)− α · ln(1− ρ) > 0

ln
(1− αρ)

(1− ρ)α
> 0

Since 1− αρ > 1− ρ ln (1−αρ)
(1−ρ)α

is positive and the inequality holds. Thus Usp > Ui

B.4 Taking the derivative of Equation 6 in terms of ρ

and α.

Focus on the RHS of equation (6) +

RHS =
(1− α)ρW̄

1− αρ

Proof. For α

∂RHS

∂α
=

ρ2 − ρ
(1− αρ)2

Since 0 < ρ < 1, ∂RHS
∂α

< 0 and the RHS of equation (6) is decreasing in α

Proof. For ρ

∂RHS

∂ρ
=

1− α
(1− αρ)2

Since 0 < α < 1, ∂RHS
∂ρ

> 0 and the RHS of equation (6) is increasing in ρ
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Appendix C

Adolescent Mechanism

C.1 Adolescent Propensity Mechanism: Section 3.2

We introduced the concept of peer influence through ρ ∈ 0, 1, a parameter which

governs the strength of peer’s influence on the behaviour of adolescent i . As

discussed in the literature overview, peer networks have a substantial influence on

adolescent behaviour, as adolescents derive value in behaviours and acts based on

the value they perceive their peers attributing to said behaviours or acts. This is the

idea behind social mimicry and conformism, which we now reflect in the following.

Say now, we have a continuum of adolescents also indexed by i, and that each

adolescent has some valuation of not committing anti-social behaviour, which the

behaviour which parents derive some benefit from in the payoff function g. This

valuation, Vi, can be mapped onto the probability of not committing anti-social

behaviour, πi from the function q(Vi). q is a function that maps the mechanism to

[0, 1] in order to comply with requirements of probability π. We also include V̄−i,

which is the average valuation that adolescent i ’s peers derive from not committing

anti-social behaviour. We thus describe adolescents i ’s overall valuation Vi as;

Vi = Yi(1− ρ) + ρV̄−i (1)

That is, adolescent’s propensity towards committing anti-social behaviour is driven

by the influence of their parents Yi and how they see their peers valuing the behaviour

V̄−i

Expanding V̄−i ;

V̄−i = Ȳ−i(1− ρ) + ρV̄−i

V̄−i = Ȳ−i

And substituing into (1)

Vi = Yi(1− ρ) + ρȲ−i (2)

Substituting into q(Vi), π = q((1 − ρ)Yi + ρȲ ). It is now convenient to express

parents’ pay-off as v(π) = f̃(q−1(π)), such that f̃ is a strictly increasing function.
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Thus, we now write g = f̃((1− ρ)Yi + ρȲ ).

Thus, we are able to neatly incorporate social mimicry in such a way that the

mechanism for peers committing anti-social behaviour is driven by parents i ’s

investment, along with peer’s parent’s, -i ’s, investment.

C.2 Heterogeneous Adolescent Propensity Mechanism:

Section 3.3

In a process similar to section 3.2 (And Appendix A.1), consider again, the g

function that determined the payoff parents derive from youth not committing

anti-social behaviour. We now extend the structure to include an individual

specific propensity to commit delinquency, εi, which has a normal, bell-shaped

distributed εi ∼ G. However now, we specify the g function as v(π(Yi, Y−i))) =

(1 − Pr?(CommitASB)). As opposed to section 3.2, we now develop a youth

mechanism for adolescent i?s propensity towards anti-social behaviour. We denote

Prob?(CommitAnti− socailbehaviour) as φ, and thus

φi = εi − Yi(1− ρ) + ρφ̄−i (1)

The rationale behind this is similar to 3.2, now though adolescents are more likely

to commit anti-social behaviour if they have an initial predisposition to it, and find

some value in the behaviour based on their peer?s propensities/valuation. Again,

parental investment will decrease this propensity, and φ̄ is the average propensity in

the population, we can think of this as the population type, the higher φ̄, the higher

the general peer group’s propensity towards anti-social behaviour. This average

propensity or ”badness” is observable ex-ante to parents. We now unbox peers’

valuation,

φ̄i = ε̄i − Ȳi(1− ρ) + ρφ̄( − i)

Rearranging,

φ̄i =
ρ

(1− ρ)
ε̄− Ȳ

And substituting back into (1)

φi = εi − (1− ρ)Yi +
ρ

(1− ρ)
ε̄− ρȲ
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We now express the probability of anti-social behaviour as;

Prob(Commit Anti-social behaviour) = Prob(εi − (1− ρ)Yi +
ρ

(1− ρ)
ε̄− ρȲ > 0)

Rearranging

Prob(Commit Anti-social behaviour) = Prob(
ρ

(1− ρ)
ε̄− (1− ρ)Yi − ρȲ < εi)

Since ε ∼ G, we can rewrite this probability as

Prob(Commit Anti-social behaviour) = G(
ρ

(1− ρ)
ε̄− (1− ρ)Yi − ρȲ ) (2)

Since we described parents payoff of the adolescent outcome, g as π(Yi, Y−i) =

(1 − Prob(CommitASB)), we now substitute (3), and have parents payoff fully

described as

π(Yi, Y−i) = (1−G(
ρ

(1− ρ)
ε̄− (1− ρ)Yi − ρȲ )

63



Bibliography

Aizer, A. and J. J. Doyle Jr (2013). Juvenile incarceration, human capital and

future crime: Evidence from randomly-assigned judges. Technical report, National

Bureau of Economic Research.

Anderson, D. M. (2012). In school and out of trouble? the minimum dropout age

and juvenile crime. Review of Economics and Statistics (0).

Andvig, J. C. and K. O. Moene (1990). How corruption may corrupt. Journal of

Economic Behavior & Organization 13 (1), 63–76.

Becker, G. S. (1968). Crime and punishment: An economic approach. Journal of

Political Economy 76 (2), 169–217.

Becker, G. S. (1974). A theory of marriage. In Economics of the family: Marriage,

children, and human capital, pp. 299–351. UMI.

Bharadwaj, P., K. Løken, and C. Neilson (2012). Early life health interventions and

academic achievement.

Buonanno, P. (2003). The socioeconomic determinants of crime. a review of the

literature. Working paper del dipartimento, Dipartimento di economia politica.

Cain, M. (1996). Recidivism of juvenile offenders in New South Wales. Department

of Juvenile Justice.

Chilenski, S. M., B. K. Bumbarger, S. Kyler, and M. T. Greenberg (2007). Reducing

youth violence and delinquency in pennsylvania: Pccd’s research-based programs

initiative. Prevention Research Center for the Promotion of Human Development .

Chung, H. L. and L. Steinberg (2006). Relations between neighborhood factors,

parenting behaviors, peer deviance, and delinquency among serious juvenile

offenders. Developmental psychology 42 (2), 319.

Cobb-Clark, D. A. and E. Tekin (2011). Fathers and youths delinquent behavior.

Review of Economics of the Household , 1–32.

64
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