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 ABSTRACT 
 

This study incorporates the economic theories of crime, human capital 

investment, reasoned action, extended theory of subjective expected utility, as well as 

developmental criminological theories in a life-course perspective to develop a 

conceptual model to explore factors related to juvenile recidivism. The study aims to 

provide information for practitioners to help identify potential chronic and serious 

offenders, to explore evidence to validate risk and needs assessment tools, and to probe 

the significant factors to be used as the basis for evidence-based programs. 

Recidivism is measured as count data in both frequency and severity level of 

subsequent offenses. Count data are data in which the observations can take only non-

negative integer values and the integers arise from counting. A unique combination of 

data from five public sources is obtained to examine the influence of individual-level risk 

factors, neighborhood characteristics, and juvenile justice intervention on juvenile 

recidivism. Exploratory factor analysis and principle component analysis are applied to 

solve issues related to assessment and census data. Four different regression models for 

count data are compared to propose the one with the best fit and the most predictive 

power for each response variable.  
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Results indicate that the most consistent and influential indicators for identifying 

potential chronic and serious offenders are being older, being male, having a more 

serious first offense, showing a tendency towards violence, scoring high on the overall 

factor that represents problematic attitude, behavior, and social relations, and the 

existence of harmful parental impact. Race is not identified as a significant indicator after 

controlling other risk factors and socioeconomic differences between youth of different 

racial groups. Results indicate that where the youth lives matters. As compared with 

juveniles located in neighborhoods with positive socio-economic characteristics, those 

from the most disadvantaged areas are found to recidivate more frequently and more 

seriously. Findings also suggest that available community services might play a role in 

youth behavior. Cognitive-behavioral and supervisory programs are shown to have great 

potential in reducing recidivism. However, only when juveniles successfully complete the 

assigned programs, are they involved in fewer subsequent delinquent behaviors.
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CHAPTER I 

INTRODUCTION 

 

1.1 Background 

Juvenile delinquent behaviors, especially those involving violence, rose 

dramatically in the mid-to-late 1980s and peaked in the early 1990s, thus generating 

considerable public concern and political response. After a decade of declining crime 

rates since the mid-1990s, some authorities see a “gathering storm” of violent crime in 

the United States, based on a review of recent crime statistics (Police Executive Research 

Forum, 2006). Even though researchers reason that it is premature to predict the country 

is entering a new crime wave based on a small increase in the rate of violent crime for a 

single year (Butts and Snyder, 2006), growing media coverage on violent crime, 

especially youth violent crime, has heightened public fear and induced increased 

government intervention designed to prevent juvenile crimes.  

In order to identify effective and efficient methods to prevent juvenile 

delinquency, researchers believe that one of the keys is to examine the nature of juvenile 

delinquent behaviors. Studies have found that a minority of juvenile offenders actually 

account for a majority of the offenses committed (Kurz and Moore, 1994; Snyder, 1998; 

Curry and Decker, 2000). They found this minority group to be the serious, chronic, and 

violent offenders. Therefore, during the past decade, programs and strategies have been 

targeting reducing recidivism among this group of offenders. 

In 1999, the Congress passed the “Violent and Repeat Juvenile Offender 

Accountability and Rehabilitation Act” to provide grants to ensure increased 
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accountability for juvenile offenders. Most states also have stiffened their juvenile laws 

since the crime peak of the 1990’s. For instance, 45 states have passed laws making it 

easier to try juveniles as adults. Regardless of the threshold age for adulthood, twenty-

three states have no minimum age for transferring young offenders to adult courts; while 

for all other states, the minimum age is from 10 to 15. Despite an abrupt drop in juvenile 

crime during the second half of the 1990’s, most states have increased punishment 

against youth for a variety of offenses (Snyder & Sickmund, 1999). More non-violent 

juvenile offenses were formally processed, along with the number of youth held in secure 

facilities for non-violent offenses (Stahl et al., 2002). According to the statistics from the 

Bureau of Justice, only 62% of the youth under the age of 18 who were committed to 

adult state prisons were convicted of a violent offense as their most serious offense. 

Another 37% of the youth were incarcerated for property, drug, and even public-order 

offenses (see Figure 1-1).   

Figure 1-1 Most Serious Offense for Youth under Age 18 in State Prisons 

 

Source: Hughes, T. (2002). 

For decades, scholars and practitioners have debated which approach works best 

in reducing juvenile crime: punishment or treatment. Recent research findings (A 

Campaign for Youth Justice, 2007; Berlin et al., 2007; Hirsch et al., 2007) on the serious 
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and occasionally life-threatening consequences of a juvenile being convicted as an adult 

have prompted state courts to question whether pursuing extreme punishment in juvenile 

crimes is a fair and effective intervention strategy. If trying a juvenile as an adult does not 

work, what other methods might work? Some studies have provided evidence to support 

the effectiveness of certain programs, such as the well-targeted Early Childhood 

Intervention program (Karoly, Greenwood, and Everingham, 1998) and the Early Court 

Intervention Project (Smith et al., 1996). Howell (2003) has conducted a comprehensive 

review of both effective and ineffective programs, as well as the findings of previous 

studies. He especially addresses the four principles of effective correctional intervention 

that are referred to as “best practices” by several renowned criminologists (Andrews et 

al., 1990; Andrews & Bonta, 1998; Cullen & Gendreau, 2000). First, intervention should 

target the known predictors, such as antisocial attitudes or personalities, of crime or 

recidivism. Second, the treatment services should involve behavioral, social learning, and 

cognitive-behavioral strategies. Third, treatment delivery can influence the offender’s 

responsiveness; therefore, treatment should be delivered in a style that is consistent with 

the personality and cognitive ability of the offenders.  

All these identified principles require practitioners to gain fundamental 

information about juvenile offenders and identify the risk factors associated with crime or 

recidivism in order to implement an effective intervention. Therefore, how to 

systematically obtain objective information on juvenile offenders and how to extract core 

factors from comprehensive information become two important tasks to accomplish 

before carrying out any intervention strategies. A great number of studies conducted 

during the past two decades have been trying to identify both risk and protective factors 
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associated with juvenile criminal involvement from different theoretical perspectives. 

Findings from these previous studies have provided policy makers and practitioners with 

a source of rich information and have helped to improve the understanding of juvenile 

offenders and recidivists.  

One major improvement made in the juvenile justice system based on previous 

findings is to introduce objective assessment and classification systems into daily 

practice. Such management tools are believed to help allocate limited resources more 

efficiently, to provide sound information for development of treatment plans, and to 

promote consistent decision making (Weibush, 2002; Office of State Courts 

Administrator, 2002). Missouri is one of the earliest states to implement the risk and 

needs assessment instrument and to use the classification tools in case management and 

decision making. Comprehensive information on juvenile offenders has been collected 

systematically. However, very few studies have examined in detail how recidivism is 

linked with the risk and needs factors collected in the assessment system and whether 

programs assigned with the help of the risk and needs information have any influence on 

juvenile recidivism. Answers to these questions will help to validate the Missouri 

assessment system, provide predicting tools in identifying juveniles with a greater risk of 

recidivism, and provide a basis for more effective evidence-based programs. This study is 

designed to contribute in these aspects.  

The rest of the chapter begins by clarifying the definition of recidivism. Then, the 

significance of the study’s focus and rationales for subject selection are discussed. The 

chapter concludes with a brief description of the organization of the study. 
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1.2 Definition of Recidivism 

The recidivism rate has been used as a very important indicator to measure how 

effective a justice system performs with regard to protecting society. However, the 

definition of recidivism has never been agreed upon, due to practical reasons. Different 

researchers have been interested in three primary, yet different, recidivism measures: new 

arrest, new adjudication, or new conviction. The target audience could also guide how the 

measure is defined. The availability of data, finally, is another element in defining 

recidivism.  

This study focuses on first offenders with a legally sufficient law or status referral 

case. Legal sufficiency adds credibility in identifying who are the law and status 

offenders and provides needed assessment information. In Missouri, an informal 

delinquency or status case, often called “referral case,” is filed once a juvenile is referred 

to the juvenile office through a variety of sources including law enforcement, family, 

schools, or other agencies. A designated juvenile officer will first review the facts of each 

case to establish the legal sufficiency of the case. Some cases will be rejected due to lack 

of legal sufficiency. Once a case is accepted, further administrative action will be taken. 

The officer will complete a risk and needs assessment for legally sufficient cases to 

determine the likelihood of re-offending and to identify other risk and needs factors 

associated to the juvenile. Based on the assessment information, the officer will decide 

whether to file a petition to formally process the case. Adjudication and disposition 

decisions will then be made in the juvenile court for petition filed cases. Sanctions and 

treatment programs will be ordered at the same time of disposition. Figure 1-2 provides a 

diagram for the juvenile case processing in Missouri juvenile justice system. 
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Figure 1-2 Juvenile Case Processing in Missouri Juvenile Justice System 
 

 

After identifying the first offenders with legally sufficient cases, the operational 

definition of recidivism is defined as any subsequent offense(s) within two years of the 

first referred case. The subsequent offenses could be filed as a juvenile referral case or 

either a felony or misdemeanor criminal case. By doing so, the two-year justice system 

involvement history would be captured completely without missing subsequent offenses 

after the juvenile turned seventeen.  

There are two major reasons for targeting first-time offenders in this study. First, 

every year, a considerable number of new offenders come into contact with the juvenile 

justice system. In the city of St. Louis, more than half of the juveniles referred to the 

juvenile justice system are first-time offenders. Keeping this group of youth from re-

entering the system through early intervention helps reduce the overall recidivism rate. 

Second, focusing the study on this group helps avoid statistical problems that would arise 
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from including repeat offenders. This study attempts to identify which characteristics are 

associated with a higher risk of recidivism. Therefore, learning about who the legal 

system is dealing with, from the initial contact and tracking their recidivism history, can 

help identify youth with the greatest likelihood of becoming frequent and serious 

offenders. 

1.3 Significance of Studying Both Frequency and Severity of 

Recidivism 

In studying juvenile delinquency, frequency and severity of juvenile offenses 

have often been examined separately (e.g. Poole & Regoli, 1979). Very few researchers 

have tried to model them together. In many cases, recidivism is even simplified into a 

binary variable. Such over simplification not only wastes valuable information, but it 

might also lead to misguided conclusions. For example, a juvenile who has two truancy 

status referrals and a juvenile who has eight violence related offenses would be 

considered the same in the binary measure of recidivism. However, the prior would 

probably be classified as mild or moderate risk, while the later would be in the high risk 

group. When studying the association between recidivism and intensive supervision 

assignment, such confounding data might produce inaccurate test results. Therefore, in 

order to accurately capture the nature of the offenders, both frequency and severity of the 

offenses are needed to convey the full information about how severe a recidivist s/he 

could be. Latimer, et al. (2003) developed a meaningful measure of delinquency 

considering both the severity and the frequency of the behavior. They used a weighted 

score calculated by multiplying the frequency with severity as a weight. Such a measure 
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catches more information than separate measures do. This study will adopt this method in 

analyzing recidivism in addition to the simple count of subsequent offenses.  

1.4 Importance of Focusing on a Specific Community 

As the major player in juvenile delinquency intervention and prevention, the 

juvenile justice system is truly a community-based system. Court personnel must 

recognize and enforce community standards, while enforcing laws as they apply to 

juveniles. Without targeted information on community related facts, local juvenile 

criminal behaviors, and factors influencing such behaviors, policy makers and 

practitioners in the juvenile justice system may find it hard to create effective prevention 

or intervention at a local setting.  

Many of previous studies use aggregated national representative survey data (such 

as the National Longitudinal Survey of Youth, NLSY), national official data (such as the 

Federal Bureau of Investigation’s Uniform Crime Reports), or self/victim-reported 

statistics to gain a generalized understanding of the trends and determinants of juvenile 

delinquency. The findings provide useful knowledge about the trends and factors related 

to juvenile criminal involvement used to guide preventive actions. However, national 

data, especially survey data, cannot measure crime trends or explain the impact of 

different factors at the state or local level. In addition, analyses using aggregated data 

inevitably throw away all the detailed information within the aggregated level (i.e. census 

tract, city, or state), which may account for as much as 80% or 90% of the total variation 

(Bryk & Raudenbush, 2002). As a result, the relationship estimated between aggregated 

variables may not explain individual level correlation. If studies are conducted using data 

from a specific community, the findings normally cannot be generalized to other areas, 
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since communities vary dramatically even within the same state or city. If actions taken 

are based on national level information or findings derived from a different community, 

community specific needs may not be addressed.  

1.5 Purpose of Study 

One of the goals of the Missouri juvenile justice system is to “provide 

individualized, unique, creative, customized solutions/dispositions designed to meet the 

needs of each child referred, including the needs of delinquent juveniles (Missouri 

Juvenile Justice Association, 2003).” Such a goal will not be achieved without 

information about the most influential risk or protective factors that juvenile offenders 

experience within specific communities. Researchers (Moffitt, 1993; Patterson, 

DeBaryshe, & Ramsey, 1989; Patterson & Yoerger, 1993) have identified significant 

distinguishing factors among offenders. Moffitt categorizes them into two groups, “life-

course-persistent offenders” and “adolescence-limited offenders”. Thornberry and his 

colleagues (2002) find that there may be as many as six identifiable trajectory groups. It 

is important for juvenile justice officials to identify the seriousness of juvenile offenders 

to efficiently allocate resources. The adolescence-limited group needs fewer resources 

allocated to them because it has been found that correctional intervention has much less 

effect on low-risk offenders in terms of recidivism and, as a matter of fact, unnecessary 

intervention can increase their criminal behaviors (Dowden & Andrews, 1999).  

Therefore, in order to provide the juvenile justice system with sufficient and 

pertinent information to guide their policies and actions in processing different types of 

juvenile crimes, this study aims to (1) conduct community-based research on juvenile 

recidivism for an important metro city; (2) identify key risk and needs factors that are 
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associated with juvenile recidivism; (3) examine how community service and 

neighborhood features impact recidivism; (4) explore how different treatment programs 

assigned play any role in reducing recidivism. 

1.6 The Target Community of this Study 

The choice of community for this study is the City of St. Louis in Missouri. The 

City of St. Louis has been consistently ranked among the nation’s most dangerous cities 

based on FBI crime statistics (Leonard, 2006). This has followed considerable population 

loss, especially middle-class residents, and job losses in the manufacturing sector, since 

its peak in the early 1950’s. Worried by the severe reality the community is facing and 

alarmed by the climbing recidivism rate among juvenile offenders in the city, judges and 

practitioners in the St. Louis Family Court are seeking ways of intervention to meet the 

needs of young offenders identified through face-to-face interaction between the officers 

and juveniles, hoping to keep them from re-offending.  

The rationale for selecting this particular community is as follows. First, the 

juvenile law violation and status caseload of this metro circuit is considerably large. It 

represents about 8.3% of the total caseload of the 45 circuits in the state1. Second, the 

circuit contains the typical characteristics of an inner city, such as higher proportion of 

black population (50.7%, 2005), higher rate of unemployment (6.9%, 2006) and density 

(5,616 persons per square mile, 2000), relatively low median household income ($28,069, 

2004) and low homeownership rate (46.9%, 2000). The study results from such data 

might not be able to be generalized to the state or other level; however, they can be useful 

                                                
1 The statement is based on the most recently available Missouri Division of Youth Services Juvenile Court 
Statistics Report – Calendar year 2006 report, at http://dss.mo.gov/re/pdf/dysjcs/juvcy06.pdf.  
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for understanding juvenile delinquency issues in metropolitan areas with similar settings, 

and thus are not limited to Missouri alone. Third, the circuit has been active on the 

Missouri Justice Information System (JIS) since October, 2003, which provides enough 

relatively reliable and essential data for the study.   

1.7 Organization 

The study is organized in six chapters: review of literature, conceptual model with 

hypotheses, data description and empirical methodology, model results and comparisons, 

and discussions and implications. The chapter of literature review summarizes selected 

economic models trying to explain crime and empirical findings on how economic 

incentives and deterrence affect criminal behavior. Risk factors identified from the 

criminological theories in a life-course perspective are discussed at the individual, 

social/family, and neighborhood level. Based on the literature review, a conceptual model 

and related hypotheses are derived and presented in the next chapter. The data and 

methodology chapter follows and first presents how and from what sources the multilevel 

data are obtained to test the hypotheses, and then discusses data related problems and 

corresponding solutions. The model comparison criteria and estimation results from the 

preferred model are presented in Chapter V. In the last chapter, significant findings and 

implications for the justice system and policy-making are discussed.  
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CHAPTER II 

LITERATURE REVIEW 

 

Interpreting criminal behaviors and exploring causes or influencing factors on 

criminal behaviors are not only the job of criminologists, as researchers from sociology, 

psychology, and economics have also attempted to find answers from different 

perspectives. No discipline exclusively explains all of the variation found in criminal 

activity, but they all provide valuable insights to aid in its understanding. In this paper, 

theories from two perspectives -- the economic incentive and the life-course impact 

perspectives are used to derive a conceptual model.  

The economic theory of crime treats offenders as rational economic beings and 

explores individual’s decision making under risk through a utility-maximizing approach 

considering the physical, socioeconomic, legal and culture limits to which an individual 

is subject. Life-course oriented theories interpret criminal behaviors and influential 

factors in a bigger scope where family, school, community, other social bonds, and 

different incidents and transitions form a development environmental over one’s life 

span. Both perspectives provide important insights to understanding criminal behaviors 

and useful knowledge about how to efficiently intervene and prevent crime. 

2.1 Economic Model of Criminal Behavior 

Criminal behavior has not traditionally been thought of as a central area of 

economic analysis. However, since the seminal work of Becker (1968) and its extensions 

in time allocation between legal and criminal activities by Ehrlich (1973) and Block and 
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Heineke (1975), the economics of crime has become a specialized field of research in 

recent decades. Economic analysis of crime is mainly concerned with the effect of 

economic incentives on criminal behavior and the evaluation of the effectiveness of 

alternative policies in reducing crime. One research interest of this study is the role that 

community economic incentives play in juvenile criminal behaviors. 

2.1.1 Becker’s supply function of offenses and empirical findings 

The economic approach to analyzing individual behaviors assumes that rational 

individuals try to maximize their expected utility based on their circumstances and their 

anticipation of the uncertain consequences of their actions. A rational person commits an 

offense if the expected utility to him exceeds the utility he could get by using the same 

amount of time and resources at other legal activities (Becker, 1968). Factors that 

influence such decision making include the expected gains and opportunity cost from the 

crime, the perceived risk of being caught and convicted, the severity of punishment, and 

the opportunities available through legal and illegal activities. Opportunity costs 

generally include loss of earnings from employment during the time of crime and 

incarceration. Becker (1968) builds these factors in a supply function of offenses in a 

model that explores optimal criminal justice policy: , where Oj is the 

number of offenses the actor would commit during a particular period, pj is his 

probability of conviction per offense, fj is his punishment per offense, and uj is a variable 

representing all other influences.  

Summarized by Witte and Witt (2002), empirical findings using aggregated data 

based on Becker’s model generally support that (i) poor labor market opportunities, such 

as low wages and high rates of unemployment, increase the criminal activities (Mocan & 
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Rees, 1999; Grogger, 1998; Schmidt & Witte 1984; Chamlin & Cochran, 2000), 

especially property crime (Farrington, et al., 1986; Levitt, 1996; Witt, et al., 1999) and 

(ii) sanctions deter crime. Some empirical studies (Ehrlich, 1973; Chiu & Madden, 1998; 

Witt, et al., 1999; Freeman, 1999) also tested the relationship between earnings inequality 

and crime and reported a positive association between earnings inequality and property 

crime rates.  

2.1.2 Theory of Subjective Expected Utility 

Mehlkop and Graeff (2007) argue that Becker’s assumption that the probability of 

success is simply the opposite of the probability of being caught, 1 – p, is problematic 

since one needs knowledge both about whether the plan of a criminal act is able to realize 

the goal and how the plan is to be carried out. The decisive factor for the realization of 

the benefit is whether an individual considers himself able to successfully carry out a 

certain offence. For this reason, it is more reasonable to assume that the subjective 

expected probability of success is independent from the probability of being detected. 

Therefore, they extend Becker’s (1968) economic model to form a decision condition 

based on the Theory of Subjective Expected Utility originally put forward by Savage in 

1954:  

SEU(S)= qB- pC, 

where SEU(S) is the individual’s subjective expected utility from the offence S, q the 

subjective expected probability of successfully carrying out the offence, B the value of 

the subjective expected utility, p the subjective expected probability of being caught and 

C the subjective expected costs from the action. A crime is committed if q·B > p·C and 

remains not done otherwise. 
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2.1.3 Criticism and issues related to empirical research using economic 

models of crime 

Empirical research using economic models of crime has received consistent 

criticism regarding the way various income variables are used to measure the gains from 

crime and benefits from legal activity as opportunity costs of crime. Criticism is also 

about the resulting mixed and/or contradictory findings2. Chisholm and Choe (2005) 

provide a theoretical argument that clarifies the ambiguity surrounding this issue. They 

argue that what is needed for empirical research is a proxy for the net expected gains 

from crime rather than separate proxies for each of these measures. Specifically, they 

demonstrate that the net expected gains from crime can be expressed as the product of the 

Gini coefficient, an indicator of income inequality, and the mean income of a society. 

Both variables are interpreted as economic incentives to crime: “the mean income could 

reflect the expected benefits from crime while inequality represents the opportunities for 

possibly profitable crime (Chisholm & Choe, 2005, p.117).”  

While there is strong evidence that increased levels of policing (Ehrlich, 1973; 

Corman & Mocan 2000, Levitt 1997, Marvell & Moody 1996) and imprisonment 

(Spelman 1992, Marvell & Moody 1994, Levitt 1996) reduce the overall level of crime, 

very few studies focus on the response of juvenile delinquent behaviors to justice 

intervention at the individual level, mostly due to the difficulty of gathering data on the 

measure of deterrence or intervention. Levitt (1998) uses state level aggregated data 

between 1978-1993 to present results suggesting that increases in punishment affect 

juveniles as strongly as adults, and also finds sharp behavioral changes concurrent with 

                                                
2 See, for example, discussion of problems in empirical research from Ehrlich (1996) and Eide (1994). 
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the passage from the juvenile to the adult justice systems in states where there are big 

differences in the relative punitiveness of the two systems. Mocan and Rees (2005) 

estimate the economic model of crime for juveniles using individual-level nationally 

representative data. However, no individual level data measuring the direct interaction 

between juvenile offenders and juvenile justice system are used. The sanction measure 

used is a proxy at county-level, arrest per violent crime. A higher arrest rate is found to 

be associated with lower drug selling and assault behaviors.  

2.1.4 Human capital investment theory and the economic model of crime 

Witte and Witt (2000) argue that it might not be appropriate to use earlier 

economic models of crime to explain juvenile crime based on the assumption that crime 

and work are mutually exclusive substitute activities and the observation that young 

people are more likely to participate in crime long before they enter the labor market. 

Education was not considered part of the earlier models. Even though the negative 

correlation between crime activities and education attainment levels has been widely 

observed (e.g., Lawrence, 1995; Flinn, 1986; Ehrlich, 1975), it is only recently that 

economists have started to model education, work, and crime deliberately.  

One promising approach is to incorporate decisions on education and training, 

work and criminal activity into the more standard model of human capital formation 

established by Becker (1964) and Ben-Porath (1967), which provides a more convincing 

explanation for the differential age-crime and education-crime patterns observed across 

white-collar, property and violent crimes (Lochner, 1999, 2004). The major argument is 

that human capital investment in education and legal work activities increases the 

opportunity cost of crime from forgone work income and costs related to incarceration. 
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Lochner finds that both ability and high school graduation significantly reduce criminal 

involvement among young men in the NLSY and education, training and work subsidies 

can reduce criminal activity. Even though his studies do not concentrate on juvenile 

crime, they provide a useful perspective in viewing education and crime. Human capital 

theory is also useful in explaining chronic criminal behavior. Mocan, Billups and 

Overland (2005) show that current criminal activity makes future criminal activity more 

likely since it increases one’s criminal human capital and depreciates legal human capital. 

Therefore, in an economic model explaining juvenile crime, one shall not only consider 

economic incentives and deterrence, but also include incentives related to human capital 

enhancement in the model.  

2.1.5 The formation of risk perception in the economic models of crime  

Risk perception is essential in the economic models of criminal choice. Different 

people may make different decisions because they have different utility functions and 

perceptions towards risk. Grasmick and Green (1980) stress that one’s perception of his 

or her own risks of being caught and punished could be the best predictor of personal 

behaviors, rather than the person's general views of such risks of others. One study (Ilias 

and Khwaja, 2001) used the self-reported probabilities of being arrested if involved in 

crime from NLSY 1997 to measure deterrence or juvenile justice sanctions. They find 

that deterrence has a significant negative effect on crime, especially for boys. 

 How the risk perceptions are formed and what factors influence the attitudes 

towards risk is not a focus of economists in crime studies. Therefore, the economic theory 

of crime does not provide an explanation of the formation of risk perception; instead, it is 

taken as given in the model. Becker (1993, p.386) acknowledged that forward-looking 



 

18 

behavior “may still be rooted in the past, for the past can exert a long shadow on attitudes 

and values.” This awareness concurs with the life-course perspective of the modern 

developmental criminology.  

2.2 Developmental Theories of Delinquency and Crime from a 

Life-course Perspective 

Life-course perspective is the main sociological framework adopted in many 

criminological theories developed since the 1990s. It can be conceptualized as viewing an 

individual’s life experiences over time and focusing on one’s long-term developmental 

pathways in the context of culturally defined life stages, turning points, and social 

transitions that are age graded (Elder, 1985). “Off-age” events, such as becoming a 

teenage parent (Thornberry, 1997), and short-term transition, such as dropping out of 

school (Elder, 1985), might prompt a change in life trajectory depending on individual 

adaptations to the changes (Sampson & Laub, 1993).  

2.2.1 Revised age-graded theory of informal social control 

One notable criminological theory posited by Sampson and Laub (1993) is the 

revised age-graded theory of informal social control, which is based on social control 

theory (e.g., Hirschi, 1969). Previous research suggests that criminal behavior can be 

restricted by social bonds to particular institutions, such as school, family, work, religious 

organizations, and peers (Cullen & Agnew, 2003). Crime and delinquency occur when 

bonds to society are weakened. Sampson and Laub revised the theory by looking at crime 

and deviance over the life span. Their theory proposes that informal family and school 

social controls can explain delinquency in childhood and adolescence. The main causes 
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of delinquency in childhood are found in family dynamics, such as erratic and harsh 

discipline, and low level or inconsistent supervision, etc. Continuity in antisocial 

behavior in later adolescent and adulthood, however, does not simply follow childhood 

patterns. Informal social bonds to family, school, peer groups, and employment explain 

changes in delinquency and criminality over the life span despite early childhood 

propensities.  

2.2.2 Developmental model of pathways of youth delinquency 

Another useful developmental model for depicting the progression from 

predelinquent behaviors to later serious and persistent criminal behaviors is one that 

specifies the main pathways youth take while their lives unfold (Howell, 2003, p. 49). 

Loeber and his colleagues hypothesize pathways of authority conflict (up to age 12), 

covert behavior, and overt behavior based on the theory that new problem behaviors stack 

on the old ones, instead of replacing them, and the seriousness of problem behaviors 

escalates over time. The three pathways are closely related to the types of offenses. In the 

juvenile justice system, one can see the status offenses fall in the authority conflict 

pathway, property offenses fall in the covert pathway, while the serious and violent 

offenses fall in the overt pathway. If we can reach a better understanding of the three 

pathways, we can improve the instruments that juvenile judicial officials use in the case 

process and judgment making, such as risk and needs assessment, so that they can more 

accurately identify juveniles who are at risk for escalation to a serious criminal career 

(Loeber, et al., 1999, p. 246). 

Risk factors are indicators of the pathways. They are elements in a person’s life 

that increase his or her possibility of being involved in and maintaining criminal 



 

20 

behaviors. It’s widely recognized that most children and adolescents with risk factors do 

not become chronic, serious offenders, but the more risk factors a person experiences, the 

higher risk s/he has for delinquent behavior. As mentioned earlier, there is a huge body of 

previous literature on the determinants of criminal involvement and identified risk 

factors. They are often categorized into the following areas: individual biological and 

developmental factors, family and social factors, and community and environmental 

factors. Many of them have been tested in the economic model of crime as well.  

2.2.3 Individual biological and developmental factors 

It is widely observed that age, gender, and race can be used as good predictors of 

criminal behavior. Studies consistently find that offending rates start to rise during early 

adolescence, reach a peak in late adolescence or early adulthood, and then decline with 

age (e.g. first documented by Quetelet in 19th Century France; Blumstein, et. al., 1986; 

Farrington, 1986; etc.). This pattern is similar across time periods, geographic locations, 

and offense types. Decrease in physical abilities, formation of social bonds, such as work 

and marriage, improved cognitive development, and disapperance of legal insulation as a 

juvenile turns into an adult are some of the popular explanations for the age-crime pattern 

(Steffensmeier, et al., 1989; Steffensmeier & Allan, 1995; Warr, 1998). Juvenile 

offenders under 17 are treated differently from adult offenders in the juvenile justice 

system due to consideration of their cognitive development limits. An early age of self-

reported offending is found predictive of chronicity (e.g., Loeber, 1982; Tolan, 1987; 

Moffitt, 1993). Therefore, the effectiveness of the juvenile justice system foreseeably 

influences the criminal behavior during adulthood.  
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Males and females are known to have different criminal behavior. Elliott and 

colleagues’ research (1986) on national self-reported data show that serious and violent 

delinquency prevalence rates through the adolescent years are two to three times higher 

for males (7-8%) than for females (2-3%). Within each racial group, males are also found 

to be more likely to participate in criminal activities than their female counterparts 

(Mocan and Rees, 2005; Gottfredson and Hirshi, 1990; Henggeler, 1989; Horowitz and 

White, 1987), especially in violent crime (Wilson and Herrnstein, 1985). Some evidence 

shows that women are less likely to recidivate and they end their criminal careers earlier 

than males (Kelley et al., 1997). Levitt and Lochner (2000) found that disparity across 

gender and race groups increases when offense becomes more serious. They reported that 

“males under age 18 are 5 times more likely to be arrested for violent crime than females; 

for property crime the ratio is less than 3 to 1. Black arrest rates are four times those of 

whites for violent crime, and two times higher for other crimes.” Elliott (1994, p.5) 

summarizes the essential gender prevalence differences: The peak age in prevalence is 

earlier for females, the desistance rate is steeper for females, and the gender differential 

becomes greater over time. 

Common findings suggest that minorities, especially black youth, were more 

likely to be involved in criminal activity and victimized by violence. Both police records 

from the Uniform Crime Reports (UCR) and self-reported surveys show disproportionate 

involvement in serious violence and over-representation in the justice system among 

blacks (Hawkins, et al., 1998; Reiss and Roth, 1993). Latinos experience lower rates of 

violence overall than Blacks and their rates have been converging with those of Whites in 

recent years (Morenoff, 2005). The degree of disproportionate involvement varies by the 
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types of offense. Hawkins and colleagues’ study on 1995 UCR data reported that black 

youth are most overrepresented in arrest for violent crimes, especially robbery, and least 

disproportionately involved in property arrests, particularly arson, as compared with 

whites. Studies relate the racial and ethnic disparity with differences in individual 

impulsivity and intelligence, household structure, socioeconomic status, neighborhood 

conditions, and biased treatment in criminal justice system (Wilson & Herrnstein, 1985; 

Sampson, et al., 2005; McCord, et al., 2001; Loeber & Farrington, 1998; Reiss & Roth, 

1993).  

Besides the basic demographics, there are other biological and developmental 

traits that influence youth criminal behavior, either inherited or adolescent-specific. 

Hyperactivity, attention problems, impulsiveness, and aggression manifested in children, 

especially in the very first year of life (Kochanska, et al., 1998), have been found to be 

associated with delinquency (Rutter, et al., 1998; Tremblay, 2000). Researchers (e.g. 

DiPietro, et al., 1996; Emory, et al. 1999; Brown, et al., 1991; Karr-Morese & Wiley, 

1997) have tried to link these behaviors with prenatal and perinatal complications that 

may compromise the nervous system, such as prenatal lead or drug-alcohol exposure, 

premature birth, and low birthweight. Although they are considered risk factors, not all 

the prenatal and perinatal complications necessarily lead to developmental problems.  

A large number of studies report that delinquent or antisocial youth are more 

likely to have lower IQ and show cognitive deficits and lower academic achievement, 

compared to non-delinquents (e.g. Moffitt, 1990; Moffitt, 1997; Maguin & Loeber, 

1996). Some researchers assert that fostering early cognitive development can play an 
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important role in the prevention of juvenile delinquency (Schweinhart, et al., 1993; 

Schweinhart & Weikart, 1997).   

Mental health disorders are also found as a risk factor affecting youth antisocial 

and aggressive behavior (e.g. Campbell, 1990; Sanson, et al. 1993). Especially, a higher 

proportion of offenders in the juvenile justice system is identified with mental health 

disorders than in the general juvenile population (Skowyra & Cocozza, 2006).  

Another important personal trait related to criminal behavior is drug and alcohol 

abuse. It is found that the seriousness of the offense is positively correlated with the 

frequency and type of drug use (Huizinga & Jakob-Chien, 1998; Thornberry, et al., 1995) 

and those who were both serious delinquents and serious drug users accounted for less 

than 5% of a national sample but accounted for over half of all serious crimes (Johnson, 

et al., 1991). Therefore, it is foreseeable that drug/alcohol offenses in juveniles are 

correlated with other serious offenses.  

No matter what characteristics an individual had before and at birth, his/her 

personalities, cognitive development, attitudes, and behaviors are all formed in the family 

and social environment where s/he is raised. Next, we discuss those salient factors in each 

of three levels: family/social, community/neighborhood, and the legal system. 

2.2.4 Family and social factors 

The interactions and relationships between juveniles and their families and peers 

have been constantly stressed by researchers as important factors that influence the 

development of antisocial behavior and delinquency. During early childhood, family 

interactions are considered more important; when the juvenile enters early adolescent, 

peer relationships start to play a bigger role in delinquency behavior.  
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Family structure, family socioeconomic status, parental management style, 

parental criminality and other characteristics, and residential mobility are often discussed 

as family related aspects. This section reviews these family related factors and then the 

influence of peers on the development of juvenile delinquency respectively. 

There has been considerable debate around the role of family structure as a risk 

factor. Single-parent or divorced household structure has been found to be associated 

with delinquent behavior in many studies (e.g. Farrington & Loeber, 1999; Wilson & 

Herrnstein, 1985; Rutter & Giller, 1983). Grogger (1997) finds that the characteristics 

and backgrounds of the teenage mothers account for a large part of the risk of their 

children’s delinquency. However, such association is likely to disappear, or at least be 

weakened, once other factors, such as parenting style, antisocial personality or criminal 

history of parent(s), and socioeconomic conditions, are controlled statistically. Austin 

(1978) finds no differences in delinquency between children in single-parent and two-

parent households within homogeneous socioeconomic classes; Gorman-Smith and 

colleagues (1999) have similar findings in a poor, urban American community. Mother’s 

age and poverty are found to replace the effects attributed to single-parent households 

(Crockett, et al., 1993). Juveniles who were born and raised in a family with constant 

conflicts or a single-parent household, especially in a single young mother family, indeed 

are more likely to be exposed to more risky factors, such as instability in the resident 

father figure (Johnson, 1987), lack of supervision (Matsueda & Heimer, 1987) and 

limited economic resources. Yet what fundamentally influences the development of 

juvenile delinquency is not the family structure itself, but parenting and supervision style, 

parents’ characteristics, and family economic resources. Since teenager mothers are more 
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likely to be poor with a lower level of education and to deliver a baby with low 

birthweight, the age of the mother is considered important factor that can increase the risk 

for delinquency, particularly when taken together with other previously mentioned 

factors (Rutter et al., 1998).  

Effectiveness of parenting can be measured through the consistency of discipline, 

supervision, and affection. Wright and Cullen (2001) also reported that parental efficacy, 

namely the extent to which parents effectively undertake the task of limiting their 

children’s delinquency, had a significant influence on adolescent delinquency. Lack of 

such consistency and the existence of idle threats and harsh punishment are more likely to 

result in defiant behavior (McCord, 1997; Strassberg, et al., 1994) and predict further 

delinquency (Hawkins, et al., 1995; Farrington, 1989). In particular, children who suffer 

from parental abuse and/or neglect are prone to be delinquent later in life (Widom, 1989; 

McCord, 1983; Smith & Thornberry, 1995) and are more likely to become violent and 

chronic offenders (Maxfield & Widom, 1996). Researchers also identify indirect effects 

of parenting behaviors on juvenile delinquency. Henry, et al. (2001) found that youth 

with low emotional support and inconsistent discipline from their parents, as compared 

with those who had warm interpersonal relationships with their families and received 

consistent discipline from their parents, had more deviant friends two years later and 

were involved with more violent and nonviolent delinquent behaviors five years later. On 

the other hand, good child-parent relationship, good family communication, and the 

absence of child abuse have all been found as protective factors against delinquency and 

other behavior problems (Durlak, 1998; Hawkins, 1999, pp.45; Stouthamer-Loeber, et al., 

2002). They may serve as a buffer against the negative effects of other risk factors. 
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The associations between parental characteristics and children’s delinquency 

have been examined by researchers for over two decades. Parental criminal involvement 

or arrest/incarceration history, drug/alcohol use, and mental health problem are the major 

areas under investigation. Farrington (1989) found that boys who had a parent arrested 

before they reached 10 were 2.2 times more likely to commit violent crimes than those 

with noncriminal parents. Men between 18 and 23 years old with criminal fathers were 

found to be 3.8 times more likely to have committed violent crimes than those with 

noncriminal fathers (Baker & Mednick, 1984). Kandel and Andrews (1987) find that 

parents are more influential for the initial decision to use drug than ongoing decisions 

about how and when to use them.  In contrast, Dannerbeck’s research (2005) using 

Missouri juvenile justice data on delinquent juveniles3 did not find a history of parental 

incarceration to predict the juveniles’ previous delinquent behaviors; neither did parental 

mental illness or substance abuse. No strong supporting evidence was found in either 

McCord’s study (1979) on fathers’ alcoholism and criminal conduct and their sons’ later 

violence, or in Moffitt’s study (1987) on the relationship between parental mental illness 

and violence in children. Instead, severely ineffective parenting was found to be the 

strongest influential factor in Dannerbeck’s study (2005). In addition, she finds parental 

incarceration history is associated with lower levels of effective parenting, and even more 

so with parental substance abuse and mental illness. Such associations can partially 

explain the insignificance of the three parental features due to multicollinearity and might 

also imply that parental criminality, mental illness and substance abuse influence 

children’s behavior mainly through ineffective parenting styles. In addition, the 

association between parental involvement and youth criminal behaviors has been strongly 
                                                
3 This study shares the same data source as in Dannerbeck’s study. 
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supported by the famous Carolina Abcedarian Project, the Perry Preschool Project, and 

the Head Start program, where the most successful interventions in reducing crime have 

been those early life interventions requiring parental involvement.  

Earlier empirical studies4 consistently find weak or nonexistent correlation 

between individuals’ socioeconomic status (SES) and their self-reported delinquent 

behavior, even though the correlation is assumed by many sociological theories of crime 

(e.g., Cloward & Ohlin, 1961; Wolfgang & Ferracuti, 1967) and various youth outcomes 

and behaviors have been connected to SES (Duncan, et al., 1994; Smith, et al., 1997; 

Mayer, 1997). Puzzled by the contradiction, researchers have proposed different 

explanations, such as the relationship is non-linear (Clelland & Carter, 1980; Johnson 

1980; Brown, 1984; Bjerk, 2007), only confined to serious crime (Clelland & Carter, 

1980; Hindelang, et al., 1981; Bjerk, 2007), subject to measurement errors (Elliot & 

Ageton, 1980; Bjerk, 2007) or due to limitations of self-reported data (Kleck, 1982; 

Nettler, 1978), or only exists in urban settings (Hagan, 1985; Krohn, et al. 1980), etc. The 

most recent study by Bjerk (2007) found that the estimated relationship between youth 

criminal participation and household economic resources is still quite weak even after 

accounting for the non-linearity of this relationship, racial differences in this relationship, 

and differences in this relationship by the severity of crime. However, after controlling 

measurement error with respect to household economic resources by using instrumental 

variables (IV) methods, the magnitude of the estimated relationship increases 

substantially. Their findings support the proposition that household economic resources 

only influence youth participation in a serious crime, but not in more trivial crimes such 

as petty theft and vandalism. 
                                                
4 See Tittle and Meier, 1990; Wright, et al., 1999 for detailed review. 
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Wright, et al. (1999) add their valuable insights in explaining why SES and 

individual delinquent behavior are not as strongly correlated as theories suggest based on 

previous criminological and social-psychological research. Their findings support the 

idea that both low and high SES could cause high levels of delinquency through different 

mediators – “low SES promoted delinquency by increasing individuals’ alienation, 

financial strain, and aggression and by decreasing educational and occupational 

aspirations, whereas high SES promoted individuals’ delinquency by increasing risk 

taking and social power and by decreasing conventional values”. They comment on other 

potential mediators, such as multilevel neighborhood effect, which will be discussed in 

the next section. 

Peer influence is another key, if not the most important, social factor in predicting 

juvenile delinquency. The strong positive relationship between one’s delinquent behavior 

and that of his/her friends was documented almost 80 years ago by Shaw and McKay 

(1931) and is considered one of the “most stable and well-established findings in 

delinquency research” (Elliott & Menard, 1996, p29). Such a strong relationship can be 

well explained by the psychological Theory of Reasoned Action developed by Ajzen and 

Fishbein (1980). This theory suggests that a person's behavioral intention depends on the 

person's attitude about the behavior and subjective norms. Attitude consists of beliefs 

about the consequences of performing the behavior multiplied by his or her valuation of 

these consequences. Subjective norm is seen as a combination of perceived expectations 

from relevant individuals or groups along with intentions to comply with these 

expectations. In other words, "the person's perception that most people who are important 

to him or her think he should or should not perform the behavior in question" (Azjen & 
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Fishbein, 1975). Peers influence is one important source to form a person’s subjective 

norms, which has been supported by many empirical studies. 

Many studies have shown that the majority of crimes committed by teenagers 

occur in groups (e.g. Warr, 1996; Elliott & Menard, 1996; Miller, 1982; Henry, et al., 

2001; Patterson, et al., 2000). Peer influence best explains the peak period of individuals’ 

involvement in crime during adolescence (Warr, 2002). The degree of peer effects is 

identified to be related to the influence from parents and the type of delinquency 

conducted by the peer group. As mentioned earlier, juveniles who receive poor parental 

monitoring or have little interaction with parents often have greater peer influences 

(Kandel, et al., 1978; Steinberg, 1987). It is found that more frequent and serious 

delinquency of the peer group lead to a stronger impact on juveniles than the less serious, 

i.e., nonviolent, peer delinquency (Thornberry, 1998, p. 163) and the delinquent peer 

influences becomes strongest in the gang context (Howell, 2003, p. 117). Dishion and his 

colleagues (1996, 1999) argue that misbehaving and high-risk youth are likely to support 

and reinforce each other’s deviant behavior when grouped together. Therefore during 

intervention, the composition of treatment groups should be given serious attention to 

minimize the possible harmful outcomes due to peer influence (McCord et al., 2001).  

2.2.5 Community structure and neighborhood features 

The unequal geographic distribution of crime and delinquency has led to 

increasing research attention on the relationship between characteristics of different 

communities and human development in the emergence of antisocial and criminal 

behavior. Ludwig, Duncan, Hirschfield (2001) provide strong evidence through their 

Move-to-Opportunity (MTO) experiment to prove that characteristics of neighborhoods 
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have substantial effects on the prevalence and incidence of juvenile criminal activity. 

This section reviews the various community structure and neighborhood features that are 

related to crime, especially juvenile crime. 

It is widely observed that living in a neighborhood of high rates of crime and 

poverty increases the risk of being involved in serious crime for children who grow up 

there. Research (Sickmund, et al., 1997) has shown that serious youth crime has been 

concentrated in certain urban cities or counties and certain neighborhoods within a given 

city or county. Studies on young people in inner-city neighborhoods have demonstrated 

high levels of exposure to community violence (Singer, et al., 1995; Selner-O’Hagan, et 

al., 1998). Such exposure is linked to trauma-related mental illness and increased 

aggressive and antisocial behavior (Farrell & Bruce, 1997). Another explanation is that 

youngsters living in a community with high rates of crime are likely to find being a gang 

member more attractive when they feel unsafe in their neighborhoods (Kosterman, et al., 

1996). As mentioned earlier, being involved in gangs is one of the most risky factors in 

juvenile delinquency. Therefore, unsafe neighborhoods might push youth into more risky 

activities, as they seek the safety afforded by gang memberships.  

In the United States, due to racial discrimination in labor and housing markets, 

blacks and Hispanics have suffered a large degree of residential segregation and, as a 

result, are concentrated in the poorest areas of large cities (Massey & Denton, 1993). 

Extreme economic deprivation has been identified as one of the major community risk 

factors for violence (Hawkins, et al., 1992; Hawkins, 1999). Research (Sampson, 1997; 

Short, 1997) has provided strong evidence on the effects of neighborhood poverty on 

families and children by showing that neighborhood-level associations between the 



 

31 

proportion of blacks and crime rates disappear after controlling for concentrated 

neighborhood poverty.  

In addition to high levels of crime exposure and poverty, such geographic areas 

often have greater population density, greater proportions of unmarried men (Land, et al., 

1990), widespread single-parent households, a high proportion of unemployed males, 

lack of professional and managerial employed residents to form a sizable middleclass to 

provide role models (e.g., Sampson & Wilson 1995; Wilson 1987), high proportions of 

younger males who are in the crime prone ages of 15 to 24 (Sampson, 1987; Wilson & 

Herrnstein, 1985; Krivo & Peterson, 1996), community instability, low neighborhood 

attachment and community organization, and the availability of drugs and firearms 

(Hawkins, et al., 1992; Hawkins, 1999). Wikstrom and Loeber (2000, p.1133) conclude 

that “there is a significant direct effect of neighborhood disadvantage on well-adjusted 

children influencing them to become involved in serious offending as they reach 

adolescence.” 

2.3 Summary 

To address the problem of juvenile crime, especially repeated criminal behaviors, 

economic models of crime provide a useful theoretical framework to study decision 

making related to criminal behaviors from a utility maximization approach. However, the 

classical economic models do not explain how risk perceptions are formed. In addition, 

they lack consideration of incentives to enhance human capital. Fortunately, 

criminological and psychological theories provide rich information on factors that 

influence one’s cognitive and attitudinal development. From the life-course perspective, 

developmental theories have identified a series of risk and protective factors that may 
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influence the formation of youth delinquency. Substantial empirical studies have 

provided evidence concerning multiple-factor influences on individual’s behavior over 

the life course. Findings have also been used in constructing a risk assessment instrument 

in the juvenile justice system to help distinguish serious and chronic offenders from other 

offenders. However, few studies have focused on justice-involved youth and recidivism 

prevention simultaneously considering all those life-course factors and justice 

intervention methods. This study will contribute in this regard and explore influential 

factors and intervention methods within a local jurisdiction.  
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CHAPTER III 

CONCEPTUAL MODEL AND HYPOTHESES 

 
 
 This chapter presents a conceptual model that is based on the Theory of 

Subjective Expected Utility (Mehlkop & Graeff, 2007) and extends from Becker’s (1968) 

economic model of crime to explain juvenile re-offending behaviors. The Theory of 

Reasoned Action and criminological developmental theories from a life-course 

perspective are also incorporated in the model to explain how risk perceptions are formed 

and how they influence one’s behavior. From the conceptual model, testable hypotheses 

are proposed. 

3.1 A Conceptual Model 

According to Mehlkop and Graeff (2007), a rational person considers four things 

in making a decision to commit a crime: the subjective expected benefit from the act, the 

subjective expected probability of successfully carrying out the offense, the subjective 

costs for the expected level of penalty, and the subjective expected probability of being 

caught and convicted. Benefits and costs, for the person, can be both physical and 

psychological. Within the circumstances the juvenile finds his or her self in, a person 

chooses an illegal action when s/he subjectively expects the benefits from an offense to 

be greater than the subjective expected costs.  

Economists (Becker, 1968; Grasmick & Green, 1980) believe that the assessment 

of expected benefits, costs, the probability of success, and the risk of being caught and 

convicted is subject to one’s risk perception. However, as mentioned earlier, risk 
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perception in economics is considered as a given, exogenous, factor. As a result, 

characteristics that can change the risk perception of an individual have not been 

explored in previous research. Mehlkop and Graeff (2007) stress that economic 

approaches to the explanation of criminal behavior are restricted to the maximization 

problem, given the actor’s risk preference. They stress the need to consider the 

sociological dimensions of subjective perceptions or assessments of risks. To compensate 

for this, they integrate the most prominent “Theory of Reasoned Action” by Ajzen and 

Fishbein (1980) into the Theory of Subjective Expected Utility to provide an explanation 

as to how beliefs and attitudes affect intended behavior.  

The Theory of Reasoned Action, named by Ajzen and Fishbein (1980), was built 

on Fishbein’s early model (1967) which postulates that one’s intention to engage in a 

particular behavior is a function of the relationship between attitudes, subjective norms, 

and behavior. The theory proposes that behavior is a function of one’s intention to behave 

in a certain way, which, in turn, is a weighted function of one’s attitudes towards the 

specific behavior, and one’s subjective norm that significant others think one should 

engage in the behavior. Mehlkop and Graeff (2007) argue that this approach can be 

integrated into the framework of their Theory of Subjective Expected Utility since one’s 

attitude towards an action consists of an evaluation of the consequences of the behavior 

and the utility of the behavior. At the same time, the other component of the Theory of 

Reasoned Action, the subjective social norms, reflects the pressure of conformity, which 

is in accordance to other criminological and sociological theories. To explain social 

norms and norm-abiding behavior within the rational choice framework, the authors 

argue that norms simply are arbitrary preferences in which actors are socialized in such a 
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way that following norms is a rational strategy in recurrent relationships. However, 

Mehlkop and Graeff (2007) did not further explore the formation of the normative 

structure, but simply take it as given; norms exist and they do have an influence on the 

action of actors by reflecting internalized attitudinal constraints to social action.  

This conceptual model goes beyond the above and incorporates developmental 

criminology theories from a life-course perspective (reviewed in Chapter II) to provide a 

theoretical foundation to explain factors impacting personalities, cognitive development, 

attitudes and social norms and to, therefore, further affect one’s re-offending decision. 

This model on recidivism can be expressed as follows:  

, 

, 

, 

T = (T1, T2, T3, T4), 

where  is the individual’s subjective expected utility from a subsequent 

offense S subject to a vector of constraints T a juvenile experiences. T includes four 

groups of factors, T1, T2, T3, T4, that define a person’s background and circumstances; 

SEB is the value of subjective expected utility when the criminal act is successfully 

carried out, which can be an economic reward and/or psychological satisfaction based on 

personal preferences and circumstances T; SEC is the subjective expected costs if the 

crime results in the criminal being caught under the circumstances of T, which include (1) 

psychological stress and/or economic loss incurred by the fact of being caught and the 

following sanctions, and (2) opportunity costs involved should the juvenile have engaged 

in legal activity instead of committing the crime, such as loss of freedom, monetary loss 
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from missing work, and human capital loss from missing school during the time of 

detention, imprisonment or other justice intervention activities, etc.; both q, the subjective 

expected probability of successfully carrying out the crime, and p, the subjective 

expected probability of being caught, directly reflects one’s risk perceptions. Since p and 

q measures different probabilities, their sum does not necessarily add up to 1. As depicted 

above, q is a function of a vector of factors Xq under the circumstances defined by T, 

where Xq represents such things as one’s physical capability to perform a robbery, his 

skills to steal, his experience in committing the same crime before, etc., directly 

influences one’s perception of the likelihood to successfully carry out a criminal act. 

Similarly, p is a function of a vector of factors Xp under the circumstances defined by T, 

where Xp represents such things as one’s experience of being caught before, observed 

police patrol area and frequency, information on the likelihood of being caught from 

peers, family members, or media coverage, etc., directly influence one’s perception of 

risk for being caught. A juvenile will commit a subsequent crime S if SEU (S|T) > 0, i.e., 

q·SEB > p·SEC, and will not re-offend when the subjective expected utility from 

committing such crime is zero or even negative. 

To be specific, the first vector of constraints, T1, includes factors related to 

juvenile individual characteristics, such as gender related constraints (e.g. physical 

strength), cognitive/developmental limitation based on age and education, and other 

personal features (e.g. learning disability and mental illness). The second vector of 

constraints, T2, is associated with one’s family, social, and economic environment, such 

as family structure and parenting style (e.g., youth in a single-parent household or living 

with a parent lacking parenting skills), limited income/wealth, racial segregation, and the 
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influence of peers or significant others. These constraints can play an essential role in 

one’s subjective expected utility function. For instance, youth who have a close bond 

with delinquent peers might have no choice but to be involved in group criminal acts so 

as to impress others or reassure friendship and protection. The third vector of constraints, 

T3, involves previous interaction with the juvenile justice system, being a victim of child 

abuse and neglect, or a prior offender, which is especially important in the decision to 

commit another offense. Positive constraints from the juvenile justice system also exist, 

such as being placed in a supervision program due to the prior offense(s) puts a juvenile 

under tighter scrutiny and, therefore, therefore, s/he will have less chance to re-offend or 

more likely to be caught. The last vector of constraints, T4, included in this model is 

community safety and resources. A safer neighborhood, such as one with “crime watch” 

program, is expected to deter crimes, compared to a neighborhood without such 

resources. Similarly, if a community provides public services to people in need of 

education or skill enhancement, as compared with another community without such 

services, people who can access such services have more options in their decision 

making.  

This model proposes that the subjective expected utility function (SEU) and both 

risk perceptions (p and q) are subject to the same constraints, T. For the same crime, 

different juveniles might have much different measures of expected utility gains, costs, 

and risk perceptions and, therefore, make totally different decisions, due to different 

constraints captured by T. For example, juvenile A is a 16-year-old boy from a single 

mother family with income below the poverty level; whereas juvenile B is also a 16-year-

old boy from a classic middle-class household with a monthly allowance of $100. Based 



 

38 

on the law of diminishing marginal utility, an extra $500 will naturally provide more 

expected utility SEB for juvenile A than for B since B already has $100 to start with. 

Assume that the single mother informs juvenile A about her unemployment during the 

middle of the month. In order to help collect enough funds for a $500 rent due by the end 

of the month, juvenile A is under both time and economic pressure to commit an illegal 

act to gain access to cash, such as robbing a convenience store. Under such pressure, 

juvenile A is likely to not have enough time to carefully assess the likelihood of being 

caught and, therefore, would be more willing to take risks when opportunities arise. In 

contrast, assume juvenile B does not have similar time and economic pressure and plots a 

robbery at the same convenience store but only out of curiosity. Since juvenile B has 

more to lose if caught, he takes time to carefully assess the probability of success (q) and 

the likelihood and consequences (SEC) of being arrested (p) by studying the environment 

and staff at the store, police patrol routines, and relevant laws. Eventually, juvenile B 

decides that the possibility to succeed is rather low due to the tight security installed by 

the store owner. In addition, the likelihood and costs of being caught is too high since 

police frequent the store for breaks and the punishment against robbery is high. All of 

these factors are absent from juvenile A’s utility function and risk perception function. 

Therefore, in this case, the two juveniles reach different SEB, SEC, p, and q due to 

different backgrounds and circumstances T.  

The conceptual model is summarized in Figure 3-1 to demonstrate how to 

integrate life-course factors from criminological theories into a utility function of juvenile 

decision making to be a repeat offender based on the extended Subjective Expected 

Utility model. 
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To sum up, in this conceptual model, juveniles are assumed to behave rationally 

and make decisions based on the subjective expected net gains from subsequent 

delinquent behaviors. In order to maximize their utility, juveniles assess and compare the 

subjective expected costs and benefits while controlling for the corresponding expected 

risks based on their attitudes and beliefs formed through past experiences and the 

knowledge accumulated over their lifetime. That is to say, different levels of constraining 

factors surrounding a juvenile from the law enforcement and justice system, 

neighborhood, social networks, and families, etc., all contribute to the formation of a 

juvenile’s risk perceptions and utility function, which eventually affects his/her decision 

of whether or not to commit a crime. When the subjective expected opportunity for 

success and benefits exceed the perceived risks and costs related to a certain offense, one 

will commit such offense. Observing such decision making over a particular length of 

time, one would obtain the supply function of crime conditioning on the identified factors 

that have effects on each single decision made. The severity and frequency of subsequent 

offenses for juveniles who have been involved in the justice system are the outcomes of 

the crime supply function. 

3.2 Research Hypotheses 

Based on the conceptual model, juveniles with different demographic 

characteristics, different socioeconomic and cultural backgrounds, and different life 

experiences and knowledge, would have different attitudes and perceptions towards 

crime, and, therefore, bear different subjective expectations towards the benefits and 

costs involved in a criminal act, eventually leading to a different outcome in their 

recidivism. The focus of this study is exploring what urban city factors would influence 
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juvenile recidivism to provide practitioners and policy makers needed information to 

identify potential chronic and serious offenders and effectively and efficiently intervene 

to prevent juvenile crimes. Therefore, the hypotheses are derived as follows. 

Hypothesis 1: Holding other things constant, the tendency and severity of 

juvenile recidivism varies with the cumulative presence of individual-level risk 

factors. 

In recent years, the juvenile justice field has adopted an approach used in the 

public health arena to understand the causes of delinquency and to work toward its 

prevention (Farrington, 2000; Moore, 1995). Farrington (2000) calls this recent 

movement toward the public health model the “risk factor paradigm.” Although much of 

the research on risk factors has focused on predicting serious and violent offenses 

(Hawkins, et al., 1998; Lipsey & Derzon, 1998), risk factors are relevant to all levels of 

delinquency (Shader, 2003).  

Researchers (Kazdin, et al., 1997) indicate that a risk factor predicts an increased 

probability of later offending. Coie and colleagues (1993) point out the complicated 

nature of the relationship between risk factors and dysfunction. It is rare that one risk 

factor is associated with a particular disorder. In addition, the influence of risk factors 

may vary with the developmental state of the individual. They note, however, that many 

disorders share fundamental risk factors and a youth would be influenced by cumulative 

effects when exposed to multiple risk factors. Based on their review of risk factors, 

McCord and colleagues (2001) also recognize that the more risk factors a child or 

adolescent experiences, the higher their risk for delinquent behavior. 
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This study explores the relationship between the cumulative effects of individual-

level risk factors and the juvenile recidivating behaviors. The literature review section 

discussed risk factors surrounding a juvenile’s development. So they are not repeated 

here. As depicted in Figure 3-1, the individual-level risk factors include those risks a 

youth has personally experienced, presented, or been in close contact with. Since family, 

school, and peers create the very core of youth life, it is key to study them. To test how 

the cumulative presence of different risk factors influence the frequency and severity of 

juvenile recidivism, one needs to first identify which underlying factors can be extracted 

from the extensive number of observed risk factors.  A more detailed discussion on the 

methods used to test this hypothesis is presented in Chapter IV. 

Hypothesis 2: Taking other control variables, individual-level risk factors, 

and juvenile interaction with the justice system into account, juvenile recidivating 

behaviors vary with neighborhood features, such as socioeconomic status, safety, 

and the availability of community services.   

Where a family lives affects the nature of opportunities available to its members. 

Wilson (1987) notes that extremely disadvantaged inner-city neighborhoods are 

characterized by a high degree of social isolation from mainstream society; therefore, 

residents have less access to jobs and less exposure to conventional role models. As a 

result, disadvantaged neighborhoods often have high levels of crime.  

How are those neighborhood disadvantages and community risks transmitted to 

youth to affect their criminal involvement? Direct and indirect effects of neighborhood 

structure (e.g. sociodemographic or compositional features) and social organizational 

factors have been found over the years. Shaw and McKay (1942, 1969) are the first to 
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link higher rates of juvenile delinquency with weak neighborhood structural factors 

leading to social disorganization, such as concentrated poverty, residential mobility, and 

racial–ethnic heterogeneity. These factors are often extracted from the U.S. Census. A 

number of social organizational factors have been linked to adolescent deviance, 

including neighborhood disorder (e.g., Sampson & Raudenbush, 1999), weak social ties 

within the neighborhood (e.g., Rountree & Warner, 1999), low levels of informal social 

control (e.g., Elliott, et al., 1996), and low levels of collective efficacy (a combination of 

informal social control and social connections; e.g., Sampson, et al., 1997). Sampson and 

Raudenbush (1999, 2001) propose that crime and disorder are closely related and stem 

from the same sources—structural characteristics of certain neighborhoods, most notably 

concentrated poverty. However, disorder does not directly promote crime. Their study 

suggests that collective efficacy is a significant factor in explaining levels of crime and 

disorder. The findings imply that although reducing disorder may reduce crime, this 

happens indirectly, by stabilizing neighborhoods via collective efficacy. Social 

organizational factors are often collected through interviewing residents of the studied 

neighborhoods. When data are not available, as in this study, the neighborhood crime rate 

is used as a proxy based on above argument.  

On the other hand, some neighborhood features, such as available community-

based services provided by churches, non-profitable organizations, or public agencies, 

might be seen as an indicator of a positive social organizational factor, and function as a 

protective factor for juveniles. As stressed by Hawkins (1999), policy and action in 

communities and neighborhoods should be guided by prevention research on risk and 

protective factors that predict crime. It is reasonable to assume that the community-based 
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services that help reduce risk factors and improve informal social control and social 

connections would have a positive effect on youth behaviors. Based on Hawkins’ (1999) 

findings about the proven-effective protective factors, services that tend to enhance 

family connections and prosocial involvement, improve healthy beliefs and clear 

standards in family, school, and neighborhood, and develop competencies and skills are 

expected to help juvenile delinquents gain better support, form prosocial attitudes, and 

reduce further recidivism. Similarly, the previously reviewed human capital theory and 

the incentive-based economic models of crime also suggest that programs and services 

that target on enhancing one’s educational level and employment skills should be helpful 

in reducing crime.  

In recent years, attention has been given to two models that interpret 

neighborhood effects on juvenile offending through different mediators: the relationships 

and ties model and the norms and collective efficacy model (see Leventhal & Brooks-

Gunn, 2004). The first model is mainly derived from family stress theories (Conger, et 

al., 1994; McLoyd, 1990) where parenting style (e.g., lack of consistent supervision) and 

the characteristics of the home environment (e.g., level of economic hardship) are 

considered mediators in the link between neighborhood disadvantage and delinquent 

outcomes. Associations are found between living in poor, crime-ridden neighborhoods 

and having less parental support and supervision (Furstenberg, 1993; Klebanov, et al., 

1994) and both are linked to higher levels of antisocial behavior and other deviant 

outcomes during adolescence (Beyers, et al., 2003). The second model is derived from 

the social organization perspectives (e.g., Elliott, et al., 1996; Sampson, et al., 1997) and 

suggests that peer group norms and behavior (e.g., level of deviant attitudes and activity) 
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largely mediate the link between neighborhood disadvantage and delinquency. A number 

of studies (Brody, et al., 2001; Ge, et al., 2002) provide evidence supporting the positive 

relationship between community disadvantages and social disorganization and youths’ 

association with deviant friends. A few recent studies (Rankin & Quane, 2002; Tolan, et 

al., 2003; Chung & Steinberg, 2006) have advanced this area of study by examining the 

joint mediating effects of both parenting behavior and peer deviance and conclude that 

focusing on only one microsystem—parents or peers—can lead to oversimplified models 

of risk for juvenile offenses. Therefore, in this study, both parental management style and 

peer influences are included in the model. After controlling these factors, the 

neighborhood effects are expected to be diluted, however, some significant direct 

influence on juvenile recidivism are still predicted. 

Hypothesis 3: Holding other things constant, intervention programs 

implemented by the juvenile justice system that affect a juvenile’s attitudes towards 

crime and cognitive level will help reduce recidivism, especially those programs that 

have been successful. 

Findings from hundreds of studies and meta-analyses of criminal justice 

interventions indicate that programs that reduce recidivism have common features. As 

cited in the first chapter, these common features are summarized into four major 

principles. It is important for juvenile justice to follow these principles, since they are 

supported by both a theoretical framework and scientific evidence. The theories discussed 

in the conceptual model suggest that changes in attitudes or subjective social norms 

should influence one’s intention to engage in a criminal behavior, which is consistent 

with the first two principles. Researchers (Andrews, et al., 1990; Pearson, et al., 1996) 
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tested the principles of effective treatment in meta-analyses of both juvenile and adult 

program evaluations and found that programs consistent with the principles produced 

large reductions in recidivism; whereas those inappropriately employed interventions 

actually increased recidivism.  

Andrews and Bonta (1998) stress that the most effective interventions involve 

cognitive-behavioral strategies. Researchers (Lester & Van Voorhis, 1997) categorize 

cognitive-behavioral programs into two groups: Cognitive restructuring programs attempt 

to alter an offender’s attitudes, beliefs, values, and expectations that maintain antisocial 

behavior; such programs emphasize on problem solving, decision making, reasoning, 

self-control and coping skills. Programs that contain these contents are expected to 

reduce recidivism.  

The third principle emphasizes that the program and treatment delivering methods 

need to match the offender’s personality, emotional and cognitive abilities, and learning 

styles, since these factors affect how well the person responds to the style and modes of 

treatment (Bonta, 1996). Successfully completing the treatment programs might be 

considered a signal for matching treatment assignment by the juvenile justice system. 

Therefore, holding everything else the same, juveniles who completed the assigned 

treatment or programs are expected to have less chance to recidivate as compared with 

those who did not complete the treatment or programs. 
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CHAPTER IV 

DATA AND EMPIRICAL METHODOLOGY 

 

This chapter presents the empirical methodologies employed in the study. A 

detailed description of the data from five different sources is intertwined with a 

discussion of the corresponding statistical methods used for the different data. The 

regression models are summarized at the end of the chapter.  

The data for this study were obtained through five important sources. The main 

data source is the automated Missouri Justice Information System (JIS) that contains 

information on each juvenile status charge or delinquency charge and adult law violation 

charge. The juveniles’ risk and needs assessment information provides unique details on 

juveniles with legally sufficient referrals. In order to extract underlying factors from the 

great number of assessment variables, Exploratory Factor Analysis (EFA) is used. The 

second important source is census data from Missouri Census Data Center5, used to 

create a socioeconomic (SES) index through Principal Component Analysis (PCA) for 

each census tract due to the high correlation among the census variables. Crime statistics 

at the neighborhood level are obtained from the St. Louis Metropolitan Police 

Department (SLMPD) website6 for those who reside in the city; while for those addresses 

in surrounding counties, city or regional crime data are gathered from the Uniform Crime 

                                                
5 The census data query function is available at the following website: 
http://mcdc2.missouri.edu/applications/uexplore.shtml. 
6 The detailed crime stats data are available at the following website: 
http://www.slmpd.org/crimestats/index.htm.  
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Reporting (UCR) Statistical Query7 provided by the Missouri State Highway Patrol. 

Finally, available community services relevant to career development and family relation 

enhancement were obtained from the Missouri Department of Corrections (DOC)8. Table 

4-1 provides a summary description of all the variables used in the study. The following 

subsections describe data in detail. 

Table 4-1 Description of Variables (N=1408) 
Variable Description Mean/Std/Range* 

JIS Offense Data  

Recidivism1 Total frequency count of subsequent charges following 
the first offense 

2.0/3.2/0-39 

Recidivism2 Weighted summation of subsequent charges with 
severity level defined as in Severity1st as weight for 
each charge. This variable combines information for 
both frequency and severity of recidivism. 

5.3/9.3/0-140 

Severity1st Severity level of the first offense 
‘1’ – juvenile status offense 
‘2’ – infractions, ordinance violations, and misdemeanor 
class B and C 
‘3’ – misdemeanor class A and felony class C and D 
‘4’ – felony class A and B 

2.2/0.9 

Assault Categorical variable for assault charges in the first 
referral 
‘0’ – no assault charge 
‘1’ – one or more misdemeanor assault charges 
‘2’ – one or more felony assault charges 

0.4/0.7 

JIS Demographics  

Male Dummy variable – ‘1’ if male 0.6/0.5 
Black Dummy variable – ‘1’ if African American 0.9/0.3 
Age  Numeric age at first offense, ranging from 8 to 16 13.9/1.4/8-16 

JIS Risk/Needs Assessment Variables Used in EFA  

CAN Dummy variable – ‘1’ if had child abuse/neglect history 0.3/0.4 
OH-Placement Dummy variable – ‘1’ if had prior out-of-home 

placement 
0.3/0.4 

 
Mental Health Category variable for mental health status 

‘0’ – no mental health disorder 
‘1’ – mental health disorder with treatment 
‘2’ – mental health disorder with no treatment 

0.1/0.4 
 

Learning Disorder Dummy variable – ‘1’ if diagnosed learning disorder 0.2/0.4 
Behavior Problem Category variable 

‘0’ – no significant behavior problem 
1.5/1.1 

 

                                                
7 The detailed UCR data are available at the following website: 
http://www.mshp.dps.missouri.gov/MSHPWeb/SAC/data_and_statistics_ucr_query%20-%20backup.html 
8 The resource guide is available at the following website: 
http://www.doc.missouri.gov/pdf/STL%20Region.pdf.  
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Variable Description Mean/Std/Range* 

‘1’ – moderate behavior problem 
‘2’ – severe behavior problem 

Interpersonal Skills Category variable 
‘0’ – good interpersonal skills 
‘1’ – moderately impaired interpersonal skills 
‘2’ – severely impaired interpersonal skills 

1.3/1 
 

Attitudes Category variable 
‘0’ – motivated to change/accepts responsibility 
‘1’ – generally uncooperative, defensive, not motivated 
to change 
‘2’ – very negative attitude, defiant, and resistant to 
change 

0.5/0.6 
 

Drug Abuse Problem Category variable 
‘0’ – no alcohol or drug abuse problem is apparent 
‘1’ – moderate alcohol and/or drug abuse problem 
‘2’ – severe alcohol and/or drug abuse 
problem/dependence 

0.3/0.5 
 

School behavior Category variable for school attendance/disciplinary 
‘0’ – no or only minor problem 
‘1’ – moderate problems 
‘2’ – severe problems 

1.0/0.7 
 

Academic 
performance 

Category variable for academic performance 
‘0’ – passing without difficulty 
‘1’ – functioning below average 
‘2’ – failing 

1.0/0.7 
 

Parenting Style Category variable for parental management style 
‘0’ – effective management style 
‘1’ – moderately ineffective management style 
‘2’ – severely ineffective management style 

0.9/0.6 
 
 

Parental Drug Abuse Dummy variable – ‘1’ if parental substance abuse 0.2/0.4 
Parental Mental 
Health 

Dummy variable – ‘1’ if parental history of mental 
health disorder 

0.1/0.2 
 

Parental incarceration Dummy variable – ‘1’ if parental had been incarcerated 0.4/0.5 
Peer Influence Category variable for peer relationship 

‘0’ – neutral influence  
‘1’ – negative influence 
‘2’ – strong negative influence 

0.9/0.6 
 

Social Support 
System 

Category variable for social support system 
‘0’ – strong support system 
‘1’ – limited support system, with one positive role 
model  
‘2’ – weak support system, no positive role model 
‘3’ – strong negative or criminal influence 

0.9/0.6 
 

JIS Treatment/Program Information   

Outcome Dummy variable – ‘1’ if programs assigned successfully 
completed 

0.3/0.5 
 

Edu/Skill Prog Count of assigned programs targeting on improving 
juvenile’s educational level or employment skills 

0.1/0.4/0-2 
 

Cognitive Prog Count of assigned programs targeting on improving 
juvenile’s cognitive level or enhancing behaviors 

0.7/0.9/0-2 
 

Supervision Prog Count of assigned supervision or monitoring programs 0.3/0.7/0-2 

Census Variables Used in PCA to Create SES Index 0.0/1.0** 
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Variable Description Mean/Std/Range* 

SES Index ‘1’ – low SES (bottom 25%) 
‘2’ – moderate SES (middle 50%) 
‘3’ – high SES (top 25%) 

 

Median HH Income Median household income in each census tract  
Poverty level % persons below 200% of poverty level  
Public Assistance % of households receiving public assistance  
Income inequality Gini coefficient ranging from 0 to 1, where 0 refers to 

perfect equality and 1 refers to perfect inequality. 
(Recall that the Gini coefficient is defined as half the 
absolute mean difference in incomes between each pair 
of individuals divided by mean income.) 

 

Education level % of adults  >25 years old with less than a high school 
education 

 

Unemployment Rate % older than 16 in the workforce without a job  
Single Mother HH % of single-mother households  
Cost-of-living 
adjustment 

Median gross rent  

SLMPD and UCR Crime Data  

Crime ‘0’ – Crime rate per 1,000 population< first quartile Q1 
‘1’ – Crime rate between first and second quartile 
‘2’ – Crime rate between second and third quartile 
‘3’ – Crime rate ≥ Q3 

1.5/1.1 

DOC Community Service Data  

Community Service  Count variable for # of available qualified community 
services within each census tract as proxy for 
community incentives 

0.2/0.5/0-3 

*: Range is only shown for non-categorical variables. 
**: Census variables were standardized for creating the SES index.  

4.1 JIS Data 

The automated Missouri Justice Information System (JIS) contains detailed 

information on youth involved in the juvenile justice system. Risk and needs assessment 

information were collected for those whose charges were found legally sufficient. In the 

city of St. Louis (22nd circuit), the JIS was activated on October 27th, 2003. This study 

looks at the juveniles who had at least one risk/needs assessment record and had their 

first delinquency or status referral case filed in this circuit between January 2004 and 
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March 2006. The sample includes 1408 juveniles 16 years of age or younger9 at the time 

of their first delinquent or status charge and not certified as adult10. Subject to the data 

available, this study tracks each juvenile for two years after the first referral was filed. 

Any additional delinquency, status referrals, or adult law violation cases filed on or 

before March 31st, 2008 were captured to provide a two-year subsequent recidivating 

history for the identified juveniles.  

4.1.1 Offense severity and measure of recidivism 

The JIS contains charge information on each referral case. Each charge code is 

classified into one of the nine severity levels as defined in Missouri Criminal Laws 

(Section 557), felony class A to class D, misdemeanor class A to class C, infraction or 

ordinance violation, and juvenile status offense (see Appendix A for detail). For the 

purpose of parsimony, one of the four severity levels as defined in Table 4-1 was 

assigned to each offense. Felony class A and B are considered the most serious offenses. 

Felony class C, D, and misdemeanor class A are the second most serious offenses. 

Misdemeanor class B, C, infraction, and ordinance violation were grouped together as the 

third severity level. Juvenile status offenses are the least serious offenses.  

Using life-course developmental theories of the potential influence of earlier life 

experience on one’s criminal pathway, it is predicted that the more serious the original 

criminal behavior involvement, the more likely for one to recidivate. In this study, the 

most serious charge, also known as major allegation, filed in the first referral case for 

each juvenile was captured and named as “Severity1st” in Table 4-1. This variable was 

                                                
9 According to Missouri statutes Section 211.021, youth of 17 years old or above are considered as adults in 
the legal system. 
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considered one of the explanatory variables for the recidivating measures. Figure 4-1 

suggests that approximately one third of the first offenders had only juvenile status 

offenses. Juveniles with major allegations at severity level three account for 43% of the 

sample, a large proportion of which were misdemeanor class A offenses. Only 4% of the 

first offenders had been charged with felony class A or B offenses. 

Figure 4-1 Pie Chart of Severity Level at First Offense 

 

Two response variables for recidivism were created. One (Recidivism1) simply 

measures the frequency of re-offending by counting all the subsequent charges filed 

within two years after the initial referral. This measure ranges between 0 and 39 with an 

average of 2. Only three juveniles had more than 18 subsequent charges, which are 

potential outliers and will be discussed more in the multivariate regression analyses. For 

the convenience of presenting the data, both measures were categorized into groups as 
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shown in the graphs. Figure 4-2 shows that 40% of juveniles in this sample did not re-

offend and most of the recidivists had 3 or fewer charges. Those who had at least 10 

charges represent 3% of the sample.  

Figure 4-2 Histogram of Recidivism1 

 

The other variable (Recidivism2) tries to incorporate the severity level of each 

charge with the frequency. To accomplish this, a variable weighted measure was created 

by adding the products of counts of charges falling into each severity level with the 

corresponding severity level score. As mentioned earlier, score 1 was given to the lowest 

severity level, while 4 was given to the most serious level. Two juveniles with the same 

count of subsequent charges (Recidivism1) might differ greatly in the seriousness of re-

offending. For example, if juvenile A had one misdemeanor class C charge at severity 

level 2 and two misdemeanor class A at severity level 3, then Recidivism2 for this 

juvenile takes a value of 8 (1*2+2*3=8). Compared with juvenile B with three juvenile 

status offenses at the lowest severity level, which makes Recidivism2 equal to 3 (3*1=3), 

juvenile A shows a more serious level of recidivism. Therefore, this measure provides 

both severity and frequency information on the recidivism and is used as a proxy for a 

juvenile’s seriousness of recidivism. This variable ranges between 0 and 140 and contains 
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three potential outliers with scores bigger than 52. The average for the weighted score is 

5.3 with relatively high standard deviation of 9.3. Figure 4-3 helps visualize the 

relationship between the two recidivism measures and the additional information gained 

from the weighted measure. First, it shows that the two measures are highly correlated. 

When the number of subsequent charges goes up, the seriousness of the recidivism 

increases as well. Especially when approaching the diagonal corners, the two measures 

tend to coincide with each other. However, the weighted measure reveals more detailed 

information on the nature of the recidivism. Except for the non-recidivating group, each 

group in Residivism1 contains at least two levels of Residivism2. The seriousness of 

recidivism for those with 4 to 9 subsequent charges actually ranges across all levels. This 

suggests the importance of exploring both measures in order to fully capture the variation 

and associated factors of youth recidivating behaviors. 

The two graphs also provide important information about the distributions of the 

response variables, which is essential in making decisions regarding analytical models. It 

is clear that neither measure follows a normal distribution, which helps exclude 

regression models that are suitable only for normally distributed data. The most widely 

used regression model for count data such as these two variables is Poisson regression. 

However, with the high volume of zeros and the possibility that juveniles’ recidivating 

behaviors do not follow the same Poisson process, the Poisson regression model might 

not be adequate to describe the two measures. In this case, negative binomial regression 

is a plausible model that allows each juvenile to follow a Poisson process with its own 

mean parameter . More discussion on the regression models is given in section 4.5. 
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Figure 4-3 Stacked Columns of Recidivism1 and Recidivism2 

 

 

Residivism2 



 

56 

4.1.2 Demographics 

Demographic variables obtained from the JIS included age at first referral, 

gender, and race. The sampled juveniles were age 8 to 16 at their first referral. The 

average age was almost 14 years old. Figure 4-4 shows that less than 2% of the sample 

was age 10 or younger. Due to such a low count, they are kept in the study to present a 

complete picture of first-time offenders instead of being analyzed separately to 

accommodate their developmental differences from the older adolescents. The majority 

(73%) of the first offenders under study were teenagers between 13 and 15. The biggest 

age group of first-timers was 15-year-olds (32%). Young offenders under 13 still made 

up 17% of the sample. 

Figure 4-4 Frequency for Age at First Offense 

 
 

Among the 1408 juveniles in this sample, 64% are males and 91% are black 

youth. Only 96 first offenders are white, 19 Hispanics, and 4 Asian. Due to the low 

volume, non-black youth were grouped together to create a dummy variable “Black” with 

a value of 0 indicating a juvenile is non-black. Figure 4-5 shows that black youth started 

to be involved in the system at younger age than non-black youth, 8 vs. 11. A similar 
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pattern is identified for males as well, 8 vs. 10. The percentage of female youth among 

the first offenders increased after age 11 and reached a peak at age 15. 

Figure 4-5 Frequency for Age at First Offense by Racial Group 

 
 

Figure 4-6 Frequency for Age at First Offense by Gender 

 
 

4.1.3 Data from the Missouri juvenile offender risk and needs assessment 

By statute in Missouri (Subsection 4 & 5, Section 211.326.1, RSMo. Supp. 1995), 

standardized assessment forms were developed for both risk and needs assessment by a 
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risk assessment committee that consists of representatives from the Missouri Juvenile and 

Family Courts, the Missouri Juvenile Justice Association, and the Missouri Division of 

Youth Services. The assessments are part of a consensus-based comprehensive 

classification strategy to manage youthful offenders referred to juvenile and family 

courts” (OSCA, 2005) in Missouri. The risk classification assessment was refined 

through two risk assessment validation studies (Kempf-Leonard, 1998; Johnson, Wagner, 

and Matthews, 2002). 

The statutes (211.141.4 and 211.141.5, RSMo. Supp. 1995) require that a “risk 

assessment must be completed on all youth for whom a status or law referral meets the 

definition of legal sufficiency and the juvenile and caregiver have attended an informal 

adjustment conference.” The youthful offenders referred to juvenile and family courts are 

classified into low, medium, and high risk levels based on the assessments, and then 

processed and managed by the juvenile justice system accordingly (OSCA, 2005). 

Information was collected by a juvenile officer or juvenile court staff during a 

face-to-face structured interview with the youth and the parent(s) or caregiver(s). The 

Office of State Courts Administrator provided training on the structured instruments to 

juvenile officers and court staff to enhance the consistency and accuracy of the 

measurements taken during the interview. The youth and parent(s) or caregiver(s) were 

asked a series of questions for information on social and environmental influences, 

individual characteristics and emerging patterns of behavior. The interviewer would 

crosscheck the information obtained from the interviews with official records. When 

conflicts occurred, information from official records was to be used. The responses were 
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then coded for entry into the JIS database according to a standardized coding scheme 

summarized in Table 4-1. 

History with the justice system 

To obtain information on personal history of involvement with the justice system, 

past records for the number of prior referrals and assault history were examined. Since 

this study focuses on first offenders, the number of prior referrals would be zero and, 

therefore, was excluded from the model. Assault history in this study examined how 

many assault-related charge(s) a juvenile had at the first referral. In this sample, 70.1% 

juveniles did not have an assault offense. Approximately one out of five juveniles 

(20.7%) had one assault charge, and 9.2% of them have two assault charges. Those who 

had a tendency towards violence are predicted to be more likely to recidivate.  

Two dichotomous variables were created for information on the juvenile’s 

abuse/neglect and out-of-home placement history. Juveniles were asked if they had ever 

been abused and if any records of abuse exist.  To determine if there is history of child 

abuse and neglect, interviewers might examine Children’s Division or juvenile court 

records. If they could not access the official records, self-reported information was used. 

Juveniles were also asked if they had ever been placed out-of-home. Among the 1408 

juveniles under study, about one quarter (25.8%) had been abused or neglected and 

27.5% had been placed out-of home.  

Personal issues 

The assessment also collects information on personal issues, such as mental health 

history, learning disorders, behavior problems, attitude, interpersonal skills, substance 

abuse issues, school attendance or discipline, and academic performance. For prior 
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mental health history, the youthful offenders were asked if they had ever received a 

diagnosis from a mental health professional (excluding learning disorders, conduct 

disorders, and substance abuse) and if they had received treatment for the disorder.  

Responses were coded as ‘no disorder’, ‘diagnosis with treatment’, and ‘diagnosis with 

no treatment.’ In this sample, about 12% of the juveniles were identified with mental 

illness, and a quarter of them, i.e. 3% of the sample, did not receive treatment.  

Substance abuse was assessed by asking parents a series of questions based on 

tangible behavioral markers regarding substance use and associated behaviors. Then the 

youth were asked a series of questions regarding substance use patterns and interaction of 

substance use and other behavior problems. From this information, the interviewer 

determined into which of the three categories a juvenile falls. There were 19.5% of the 

juveniles presented moderate alcohol and/or drug abuse problem; while 3% showed a 

severe problem. 

If a youth had received a reading, mathematics or written expression disorder 

diagnosis, the officer would record one for learning disorder. The data show that one out 

of five juveniles under study had a learning disorder. School behavior was measured 

through referrals for truancy, out-of-school suspensions, expulsions, or multiple 

unexcused absences. Most juveniles (76.4%) were found with school behavior problems 

and 22% had severe problems. Academic performance was scored based on grades 

obtained from school, when available, or by asking the youth what his/her grades were. 

Similar to what was found about their school behaviors, three quarters performed below 

average academically and more than a quarter (28%) were actually failing school.  
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Attitude is one of the more subjective factors assessed. It was derived from a 

series of 15 questions about trust, role of authority figures, impressions of the court 

proceedings, and level of empathy. The person doing the assessment compared the 

responses to descriptions of three attitude categories to identify which one best fit the 

youth. Thirty-four percent of the sampled juveniles were reported to have an 

uncooperative and defensive attitude; while 8% of them were identified with a very 

negative attitude and resistance to change. Interpersonal skill level was identified from 

responses to a series of ten questions about the nature of the youth’s friendships matched 

to three categories of skill levels. Only 40% were considered to have good interpersonal 

skills. Most juveniles’ (56%) interpersonal skills were identified as moderately impaired, 

while a few (4%) had severely impaired interpersonal skills. 

Family and Social environment 

An additional set of variables measures the social environment influence of 

parents, peers and the social support system. Youth and parents were asked if the 

parent(s) had ever been diagnosed with a mental disorder, and if either of them had ever 

been incarcerated. The parent(s) were further queried about their mental health treatment 

and their substance abuse history. Yes/no responses led to the creation of dichotomous 

variables for each of these areas with a ‘yes’ coded as 1. As shown in Table 4-1, about 

20% of the juveniles had a parent with drug abuse issues, 10% of them had at least one 

parent or caregiver with mental health disorder, and 40% of them had at least one parent 

who had been incarcerated. 

Parental management style is classified based on the effectiveness of parenting. 

Effective parent style indicates that structure, support and supervision are consistent and 
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appropriate. Only 22% cases fell into this category. Most of the sample (64%) fell into 

the category of moderately ineffective style, which indicates lack of consistent and 

appropriate supervision and guidance. Severely ineffective style indicates a total lack of 

any discipline, guidance, or structure. A considerably amount of the cases (15%) were in 

this group. To operationalize these categories, the interviewer asked 13 questions about 

parent involvement, family routines, parental monitoring, and consistency. Yes/no 

responses were elicited for queries about family activities, routines, chores, parent 

monitoring, curfews, parent acquaintance with friends, parent alcohol use, use of rewards 

and punishments, and fairness. They were asked for frequency of punishment follow 

through and parent agreement on discipline.  A more open-ended question was asked 

regarding how the youth would describe their parents, especially how strict they were. 

From their responses, the officer made a determination regarding which of the three 

levels of effectiveness best described the effectiveness of the parents’ management style.   

To assess peer relationships and their influence, juveniles were asked 21 questions 

about their friends and court contacts, positive and negative behaviors, dating, parent’s 

impressions of friends, and specific activities including gang affiliations.  Those rated as 

having strong negative influence had a primary contact group heavily involved in 

delinquent activities, frequent court contacts and gang membership. In this sample, 

sixteen percent of the juveniles had strong negative peer influence. Only one quarter of 

the sampled juveniles were not badly influenced by their peers. 

To gauge social support, youth were asked seven questions about positive and 

negative influences in their lives.  The responses were distinguished by the presence and 

strength of positive and negative role models. Twenty-two percent of the juveniles were 
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found to have a very supportive social system. Most of them (63%) had a positive role 

model in their lives, but the support system was limited. Approximately 13% of them did 

not have any positive role model to look to and the support system was weak. Twenty-

three juveniles were actually had strong negative or criminal influence from their social 

environment. 

Unfortunately, the assessment tools do not collect information on juveniles’ risk 

perception or their household socioeconomic status, such as income, parental education 

level, and family mobility, etc. This study tries to compensate for this drawback by using 

proxies from the neighborhood level information from census data for these important 

factors, which is discussed in detail in Section 4.2. 

4.1.4 Assessment variable reduction and Exploratory Factor Analysis 

The risk and needs assessment data provide researchers with rich information on 

juvenile offenders not available elsewhere, which is essential in exploring factors 

associated with juvenile recidivating behaviors. However, too many explanatory 

variables might create potential problems with the validity of regression models, 

especially when many assessment variables are highly correlated with each other. To 

overcome this problem, Exploratory Factor Analysis (EFA) was used to reduce variables, 

identify the number of latent constructs, and estimate the underlying factors that 

influence responses on observed assessment variables.   

The EFA model is Y = Xß+ E, where Y is a matrix of measured variables, X is a 

matrix of common factors, ß is a matrix of estimated factor loadings that help interpret 

factors, and E is a matrix of unique factors that refer to unreliability due to measurement 

error and variation in the data. The assessment variables were standardized in EFA, e.g., 
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mean=0, standard deviation=1. Since observed measurement is not perfect, error or 

unreliability is estimated by adjusting the diagonals of the correlation matrix with unique 

factors. Loadings are the correlation between observed variables and factors. When 

variables are standardized, loadings become the standardized regression weights that 

represent the effect size of the factor on the variability of observed variables. The amount 

of variance explained is the trace (sum of the diagonals) of the decomposed adjusted 

correlation matrix. Eigenvalues indicate the amount of variance explained by each factor. 

Eigenvectors are the weights that can be used to calculate factor scores. Communality is 

the variance of observed variables accounted for by a common factor. Large 

communality is strongly influenced by an underlying construct. Each factor accounts for 

a maximum amount of variance that has not previously been accounted for by the other 

factors; therefore, factors identified are uncorrelated, which helps solve the 

multicollinearity issue among the explanatory variables in the regression model for 

recidivism behaviors. 

Table 4-2 Prior Communality Estimates in Exploratory Factor Analysis: 
Squared Multiple Correlations (SMC) 

Variable SMC Variable SMC 

School behavior 0.51 OH-Placement 0.28 

Behavior Problem 0.43 Drug Abuse Problem 0.23 

Parenting Style 0.43 Mental Health 0.17 

Academic performance 0.42 Parental Drug Abuse 0.16 

Attitudes 0.42 Learning Disorder 0.14 

Peer Influence 0.36 Parental incarceration 0.14 

Interpersonal Skills 0.32 Parental Mental Health 0.10 

Social Support System 0.30 Assault 0.07 

CAN 0.28   

 

EFA was conducted in SAS using the “proc factor” procedure. Measured 

variables Y were the 17 assessment variables. Method specified was maximum 
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likelihood. Table 4-2 shows the prior communality estimates for the measured variables 

in descending order. The squared multiple correlations (SMC) represent the proportion of 

variance of each of the 17 variables shared by all remaining assessment variables. The 

variable ASSAULT has a very small prior communality estimate as low as 0.07, which 

means that only 7% of the variance of ASSAULT is shared by all other measures, 

indicating that this variable measures a somewhat different construct than the other 

variables. Therefore, the variable ASSAULT was dropped from the EFA and used as a 

separate explanatory variable in the regression for recidivism.  

Figure 4-7 Scree Plot of Eigenvalues for Exploratory Factor Analysis 
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EFA was rerun using the rest of the 15 assessment variables. The scree plot (see 

Figure 4-7) seems to suggest the presence of one general factor. A large first eigenvalue 

(6.09) and a much smaller second eigenvalue (1.25) suggest the presence of a dominant 

global factor. Stretching it to the limit, one might argue that a secondary elbow occurred 

at the seventh factor, implying a six-factor solution. In an ideal situation, a clear elbow 

would occur around 1. However, the extremely small eigenvalues for the fifth and sixth 
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factors make them not meaningful to retain. 

Another criterion, the average of the initial communality estimates, is suggested 

for factor analysis11. According to the Kaiser and Guttman rule, only two factors should 

be retained because only the first two factors had eigenvalues greater than one (see Table 

4-3). However, statisticians argue that this rule should be more appropriate for principal 

component analysis than factor analysis, and it should be adjusted downward when the 

latter is conducted. Based on this rule, four factors can be retained if the average value of 

0.45, instead of 1.0, is used as the criterion. 

Table 4-3 Eigenvalues of the Reduced Correlation Matrix in  
Exploratory Factor Analysis 

Preliminary Eigenvalues: Total = 7.27  Average = 0.45 
 Eigenvalue Difference Proportion Cumulative 

1 6.09 4.84 0.84 0.84 
2 1.25 0.49 0.17 1.01 
3 0.76 0.21 0.10 1.11 
4 0.54 0.15 0.07 1.19 
5 0.39 0.25 0.05 1.24 
6 0.14 0.12 0.02 1.26 
7 0.02 0.07 0.00 1.26 
8 -0.05 0.04 -0.01 1.26 
9 -0.09 0.05 -0.01 1.24 

10 -0.14 0.04 -0.02 1.22 
11 -0.18 0.02 -0.03 1.20 
12 -0.21 0.06 -0.03 1.17 
13 -0.26 0.03 -0.04 1.14 
14 -0.29 0.03 -0.04 1.10 
15 -0.32 0.05 -0.04 1.05 
16 -0.37  -0.05 1.00 

 

The EFA was then repeated with the NFACTOR=4 option specifying that the first 

four factors be retained. After applying an orthogonal rotation, the significant loadings 

                                                
11 More detailed argument is available at http://www.utexas.edu/cc/docs/stat53.html. 
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were identified for each factor in Table 4-4. The factor loadings represent the correlation 

or linear association between a variable and the latent factor(s). This study used the 

general rule of 0.30 as a criterion to judge significance. All the variables were 

significantly loaded on at least one factor except the variable measuring parental mental 

health that had a quasi significant loading. The parenting style and social support system 

were significant on both the first and the fourth factors. This is called split loading, which 

is not uncommon.  

Table 4-4 Rotated Factor Pattern 
  Factor1 Factor2 Factor3 Factor4 

School 
behavior 

0.73** 0.10 0.10 0.03 

Behavior 
Problem 

0.66** 0.05 0.21 0.04 

Attitudes 0.64** 0.04 0.12 0.18 
Academic 
performance 

0.62** 0.08 0.15 0.03 

Peer Influence 0.62** 0.15 -0.09 0.10 
Parenting Style 0.57** 0.24 0.06 0.39** 

Interpersonal 
Skills 

0.55** -0.09 0.25 0.13 

Drug Abuse 
Problem 

0.47** 0.24 -0.11 -0.18 

Social Support 
System 

0.35** 0.23 0.01 0.57** 

CAN 0.03 0.60** 0.30 0.08 
OH-Placement 0.23 0.53** 0.19 -0.20 
Parental Drug 
Abuse 

0.05 0.45** 0.03 0.13 

Parental 
incarceration 

0.06 0.41** -0.07 0.08 

Mental Health 0.12 0.03 0.56** -0.01 
Learning 
Disorder 

0.12 0.03 0.44** -0.03 

Parental Mental 
Health 

-0.02 0.18 0.28* 0.16 

Note: ** significant loading > 0.30; * quasi-significant and meaningful to be included. 

The results suggest that the first underlying factor may represent the overall 

juvenile behavior and performance that could be observed externally within the juvenile’s 

activity settings such as at school, or at home, or with peers. Therefore, this factor will be 
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named “Overall Manifestation.” The second factor represents the condition (substance 

abuse, incarceration history) or outcomes (history of child abuse and neglect, out-of-

home placement) of the parental issues. Therefore, this factor may be named “Parental 

Impact”. It is clear that the third factor reflects the juvenile’s cognitive level and 

psychological functions that may not be observed directly as the first factor. Parental 

mental health issue had a loading of 0.28 for the third factor, which is close to significant. 

It is known that some mental illness can be inherited. Therefore, considering parental 

mental health as one of the significant loadings for the third factor is reasonable and 

meaningful. The third factor is named “Mental state.” The last factor included the two 

split loadings, which largely characterize a juvenile’s social/family environment. This 

study elects to remove this last factor due to the following reasons: first, only two 

variables were identified for this factor, which is not a desirable situation. The online 

summary note for factor analysis provided by ACITS, The University of Texas at 

Austin12, indicates that “…Factors are unobserved latent variables that can be inferred 

from a set of observed variables. Therefore, factors cannot emerge unless there are a 

sufficient number of observed variables that vary along the latent continuum.” A 

minimum of three observed variables for each factor are expected to make a factor 

desirable. Second, these two variables loaded on the first factor with rather high values. 

Repeating them in the regression model for recidivism will not provide additional 

information. Third, the variance explained by the last factor is quite small based on Table 

4-5. Removing it will not create much loss of information. Therefore, a three-factor 

solution was adopted and used in the last step of the EFA: estimating factor scores. 

                                                
12 ACITS, the University of Texas at Austin. (1995). Retrieved on 01/31/2007 from URL, 
http://www.utexas.edu/cc/docs/stat53.html. 
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Table 4-5 Variance Explained by Each Factor 

Factor Weighted Unweighted 

Factor1 6.01 3.20 

Factor2 2.03 1.26 

Factor3 1.34 0.89 

Factor4 1.28 0.67 
 

A factor score is a numerical value that indicates an observation's relative strength 

or standing on a latent factor. There are different ways of estimating factor scores and the 

selection of the rotation for the factor solution could lead to different factor score 

estimates. In addition, the results of a factor analysis can be strongly influenced by the 

presence of error in the original data. Hair, et al. (1992) recommend using factor score 

estimates if the scales used to collect the original data are "well-constructed, valid, and 

reliable". Otherwise, they suggest that summated scores (also called "Coarse Factor Score 

Estimates") should be constructed if the scales are "untested and exploratory, with little 

or no evidence of reliability or validity." The risk and needs assessment scales have yet to 

be scientifically validated. During risk and needs assessment, juvenile officers have a 

great deal of discretion in assigning levels of risk and their perception of the needs of 

each youth. The potential for measurement errors, therefore, can enter into each 

assessment. These factors led to the use of the summated scores for this study for each of 

the three factors identified. This was accomplished by summing the values of the 

significantly loaded assessment measures for each observation. When such measures are 

used in further regression analysis, they preserve the variation in the data and are not 

influenced by the rotation method used.  
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Figure 4-8 Frequency Bar Charts of Coarse Factor Score Estimates 

 

 

 

Figure 4-8 shows the summated scores for factor “Overall Manifestation” ranging 

between 0 and 19 with a bell-shaped distribution and a bigger tail on the right end. The 

average score was 7. The mode occurred at level 8. One quarter of the studied juveniles 
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had an estimated score of less than 5 for this factor. A smaller portion of them had severe 

problems with scores greater than 10. Such a distribution denotes that most juveniles had 

moderate issues in their overall behavior and performance. The figure also shows that the 

other two factors ranged between 0 and 4 with the modes occurring at a score of 0. About 

two-fifth of juveniles under study did not encounter or were not influenced by 

problematic parental issues. It is predicted that higher summated scores will be associated 

with increased recidivating behaviors. The majority of the juveniles were mentally 

healthy and demonstrated no signs of a learning disorder. Almost all were treated for an 

impaired mental condition, if one was present. 

4.1.5 Juvenile justice system intervention 

 This study included 4 variables extracted from JIS to measure the focus and 

outcomes of the juvenile justice system’s intervention, in order to estimate the effect of 

intervention on juvenile recidivating behaviors. In the Missouri juvenile justice system, a 

juvenile might be assigned to different programs depending on the availability of service 

and his/her risk/needs status. This study focuses on the types of programs that are related 

to the formation of risk perception and the accumulation of human capital based on 

incentive-based economic models of criminal choice. As discussed in Chapter III, a 

juvenile’s perception of the risks involved in a criminal activity plays an important role in 

his/her future action. Some programs, such as supervision, intensive supervision, night 

watch, or electric monitoring, etc., can help increase juveniles’ awareness of the costs of 

being caught and therefore decrease their likelihood of further criminal behavior. These 

programs were grouped together as the variable “Supervision Prog”. Keeping everything 

else the same, it is estimated that those who were assigned to more supervisory programs 
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would have less chance to re-offend than those who were not enrolled in such a program. 

Figure 4-9 suggests that 81% of the sampled juveniles were not on any supervision 

program, 6 % of them were assigned to one supervision program, and 13 % were put on 

two such programs.  

Figure 4-9 Program Assignment Frequency by Program Type 

 

Another type of program targets improving the youth offender’s cognitive level in 

a variety of dimensions, such as anger management, apology, counsel or mentor program, 

youth empowerment services, victim offender mediation, Kids Hope United, shoplifting 

program, Visions Ahead, Girls Incorporated program, and intra-family mediation, etc. 

These programs target enhancing juveniles’ self esteem, installing the cognition of right 

and wrong, invoking their empathy toward victims, and increasing their knowledge and 

skills relative to coping with difficult situations. Such programs might result in changing 
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one’s risk perception and prevent further reckless behaviors. According to Figure 4-9, 

cognitive programs were the most frequently used among the three types of intervention. 

A little more than two-fifths of the juveniles received at least one cognitive program. 

More than a quarter of them were assigned to two such programs. 

The last type of programs studied here is related to increasing one’s human capital 

by providing education, such as General Educational Development (GED) classes, 

tutoring, and vocational training. Those who received any training account for only 7% of 

the sample. It is expected that these juveniles will be less likely to re-offend due to a 

higher opportunity cost involved in a criminal activity.   

Capturing the completion of each assigned program/treatment can be tedious and 

difficult to operationalize, since each juvenile could have been put in a different number 

and/or types of programs. Therefore, an overall outcome (dummy variable) was created 

as an indicator for success of the interaction between juvenile and the justice system. If a 

juvenile successfully completed all the program(s) and/or treatment(s) assigned, then this 

variable has a value of 1 and a positive effect in his/her recidivating behavior would be 

expected. In this sample, 31.3% of the juveniles had successfully finished all the 

programs assigned.  

4.2 Census Data and Principal Component Analysis 

Information on the socioeconomic environment (SES) for individual juveniles is 

not collected in the current justice information system; therefore, neighborhood level SES 

is used to proxy these data. The 2000 Census data is the most recently available data 

containing SES information at the neighborhood level. Neighborhood in this study is 

defined as the census tract, averaging about 4,000 inhabitants, designed to be relatively 
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homogeneous with respect to population characteristics, economic status, and living 

conditions at the time of measurement. Through the geocoding and intersecting procedure 

in ArcView 9.213, the juveniles’ mailing addresses14 fell within the boundary of one of 

144 census tracts (see colored areas in Figure 4-11).  

Table 4-6 Highly Correlated Census Socioeconomic Variables 
 1 2 3 4 5 6 7 8 9 10 
1-MedianHHInc 1 -0.92 -0.94 -0.68 -0.73 -0.66 -0.65 0.75 0.35 -0.18 
2-PctUnder200Poor -0.92 1 0.91 0.79 0.74 0.71 0.78 -0.65 -0.34 0.18 
3-GINI -0.94 0.91 1 0.74 0.76 0.69 0.63 -0.71 -0.43 0.23 
4-PctPubAssist -0.68 0.79 0.74 1 0.64 0.68 0.77 -0.51 -0.26 0.07 
5-PctLTHighScl -0.73 0.74 0.76 0.64 1 0.56 0.45 -0.47 -0.56 0.45 
6-PctUnemployed -0.66 0.71 0.69 0.68 0.56 1 0.62 -0.43 -0.30 0.07 
7-PctSingleMothers -0.65 0.78 0.63 0.77 0.45 0.62 1 -0.50 -0.11 -0.07 
8-MedianGrossRent 0.75 -0.65 -0.71 -0.51 -0.47 -0.43 -0.50 1 0.16 -0.10 
9-MedianHValue 0.35 -0.34 -0.43 -0.26 -0.56 -0.30 -0.11 0.16 1 -0.53 
10-Pctbluecollar -0.18 0.18 0.23 0.07 0.45 0.07 -0.07 -0.10 -0.53 1 

 

Due to the widely known high correlation among Census SES data (see Table 4-

6), principal component analysis (PCA) was used to create a principal component score 

(in this case, a SES index) to avoid multicollinearity in the regression analyses. PCA 

involves a mathematical procedure that transforms a number of possibly correlated 

variables into a smaller number of uncorrelated variables called principal components. A 

principal component is a linear combination of optimally weighted observed variables15. 

“Optimally weighted” refers to the fact that the observed variables are weighted in such a 

way that the resulting components account for a maximal amount of variance in the data 

set. The first principal component accounts for most of the variance in the data. The 

second component identified accounts for the second largest amount of variance in the 

                                                
13 ArcView is the entry level license of ArcGIS Desktop, a geographic information system software 
produced by ESRI.  
14 Mailing address is the major contact information in the JIS, which is the most completely recorded 
address for a juvenile in the system and often is the residential address. 
15 http://support.sas.com/publishing/pubcat/chaps/55129.pdf provides more detailed information on PCA. 
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data and is uncorrelated with the first principal component and so on. Eigenvalues 

indicate the amount of variance explained by each component. Eigenvectors are the 

weights used to calculate components scores. In PCA, observed variables are 

standardized so that each observed variable has a mean of zero and a variance of one. So 

the final principal component scores are a linear combination of the standardized 

observed variables weighted by eigenvectors.  

Both Exploratory Factor Analysis (EFA) and PCA can serve the purpose of 

variable reduction. However, unlike EFA, which tries to discover the assumed underlying 

causal structure, PCA simply aims to explain the maximum amount of variance within 

the observed variables, while retaining the fewest principal component(s). This method is 

commonly used in medical studies on the relationship between socioeconomic status and 

the health subject under study.  

Researchers have often used the same variables to create a SES index with slight 

differences. No matter which exact variables they choose to use, income, poverty level, 

education, and unemployment information are always included. Some studies (Yost, et 

al., 2001; Dayal, et al., 1982; Winkleby, et al., 2006) also control for cost-of-living level 

by including “median rent” and/or “median house value.” Household structure measured 

by “% single mother household” has also been used (Dubowitz, 2008). In this study, ten 

variables were originally chosen to be processed in PCA. Measures representing income 

were “median household income”, “% of households receiving public assistance”, and 

“% persons below 200% of poverty level,” which included both poor and nearly poor 

persons. Researchers (Yost, et al., 2001) argued that “% persons below 200% of poverty 

level” was a more discriminating measure than “% persons below poverty level”. 
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Another important socioeconomic factor identified in the economic model of crime -- 

income inequality – is approximated by a Gini coefficient that is calculated for each 

census tract. To stress the disadvantage of low average educational levels, “% of adults 

>25 years old with less than a high school education” was used to measure the lack of 

education. Two variables, “% older than 16 in the workforce without a job” and “% with 

a blue-collar job”, were used to measure employment opportunities. As mentioned 

earlier, “% single mother household”, “median gross rent” and “median house values” 

were also included.  

Figure 4-10 Scree Plot of Eigenvalues for Principal Component Analysis 
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In examining the correlation among the 10 identified SES variables, two variables 

“median house values” and “% with a blue-collar job” were noticed to have rather low 

correlations with many other variables (see Table 4-6). All the coefficients associated to 

these two variables are below 0.6, and many of them are below 0.3. In order to conduct a 

valid principal component analysis, these two under-correlated variables were dropped. 
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Those variables negatively correlated with median household income include “% persons 

below 200% of poverty level”, Gini Coefficient, “% of households receiving public 

assistance”, “% of adults >25 years old with less than a high school education”, “% older 

than 16 in the workforce without a job”, “% with a blue-collar job”, and “% single 

mother household”. These variables, except Gini coefficient, were then transformed by 

subtracting the percentages from 100 so that higher values would correspond to higher 

neighborhood SES. 

During the PCA, the principal-axis factoring method was used to extract the 

components, and this was followed by a varimax (orthogonal) rotation. Only one 

principal component was retained based on the commonly used “eigenvalue greater than 

one” rule (i.e. Kaiser-Guttman rule) and the scree plot (see Figure 4-10). Correlations 

among the eight variables ranged from 0.43 to 0.94. This principal component accounted 

for 70.8% of the total variance. Therefore, the SES index was calculated as a linear 

combination of the eight standardized observed variables weighted with the eigenvectors 

that are provided in the standardized scoring coefficients matrix in SAS output. The SES 

index was then categorized into 3 levels: low SES (bottom 25%), moderate SES (middle 

50%), and high SES (top 25%). In figure 4-11, yellow stands for the bottom quarter with 

low SES, light green for the tracts of moderate SES, and dark green for the tracts with 

high SES. The map shows that the most disadvantaged neighborhoods are concentrated 

around the St. Louis downtown area and the neighborhoods that are close to the outer 

suburbs have the highest socioeconomic status.  
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Figure 4-11 Map of Socioeconomic Index in Census Tract Where Juveniles Reside 
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4.3 Crime Statistics 

Neighborhood level total crime index data are available on the metropolitan 

police department (SLMPD) website16 for those residing within the city of St. Louis. The 

city is divided into 79 neighborhoods plus 9 park or cemetery areas. Of all the 1408 

juveniles in this sample, 1318 of them were from 70 of the city neighborhoods. The 

remaining 90 youth resided outside of neighborhood borders. The crime data for these 

surrounding cities or regions were collected from Uniform Crime Reporting (UCR) 

report17. The UCR data are a primary source of Missouri crime statistics based on law 

enforcement agencies' mandatory reporting of crime offenses to the Missouri Uniform 

Crime Reporting Program. The UCR statistics cover Index Crime offenses and arrests 

(homicide, forcible rape, robbery, aggravated assault, burglary, theft, motor vehicle theft, 

and arson), other arrests, domestic violence incidents, law enforcement homicides and 

assaults, and law enforcement employment. In order to find a more comparable and 

stable measure of crime across locations, the average crime rate per 1,000 people over a 

three-year period 2005-2007 was calculated for each location. Figure 4-12 shows that the 

crime rate follows a rather balanced bell shape. The average rate was then transformed 

into a four-level categorical variable by quartiles, so that the crime index used in the 

regression model represents the relative safety standings of each location.  

 

 

 

                                                
16 http://www.slmpd.org/crimestats/index.htm. 
17 http://www.mshp.dps.missouri.gov/MSHPWeb/SAC/data_and_statistics_ucr_query%20-
%20backup.html 
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Figure 4-12 Frequency of Crime Rates Per 1,000 Population 

 

4.4 Community Resource Data from the Department of 

Correction 

 The Department of Corrections provides a Community Resource Guide18 to help 

the public, especially offenders, locate state and community-based programs and services 

that offer assistance for job searches, basic living necessities, or family bonding 

enhancements, etc. The programs that aim to help the needy obtain the skills necessary to 

be a part of their community, particularly those focusing on career development and 

family counseling, might make a difference in the human capital accumulation of the 

juveniles, their relationship with family members, and their perception of the community. 

Such community support might eventually affect juveniles’ decisions to participate in 

crime. The number of available programs and services were counted for each census 

tract. This variable ranged between 0 and 2. Figure 4-13 and 4-14 shows that community 

based programs or services were not available for most (84.1%) of the census tracts. 
                                                
18 http://www.doc.mo.gov/pdf/STL%20Region.pdf. 
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About 12.8% of the tracts had one community program or service that might potentially 

provide assistance to juveniles in need of job training or family counseling. Only 3.1% of 

the tracts had two or three community services available.  

Figure 4-13 Availability of Community Services in Census Tract 

 

The availability of the community-based services was slightly correlated with the 

SES status in a negative direction (-0.21) at a 1% significance level. This hopefully 

would not impose a collinearity issue in the regression due to the small correlation 

coefficient. Therefore, if other conditions followed the same pattern, it is expected that 

the existence of community services would be associated with less recidivating behaviors 

due to the potential positive influence on interaction activities aimed at increasing one’s 

human capital accumulation.  
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Figure 4-14 Map of Available Community Services in Census Tract 
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4.5 Statistical Method 

4.5.1 Poisson regression for count data 

As depicted in section 4.1.1, the response variable “Recidivism1” and 

“Recidivism2” are count variables taking integer values of 0, 1, 2, 3, …, up to 39 and 

140, respectively. The weighted variable “Recidivism2” is not a count of recurrent 

events, but a count of scores measuring seriousness of juvenile recidivism. One important 

feature of count data is that the variance tends to increase as the mean is greater. 

Therefore, the general linear model with its homogeneity assumption would not be a 

proper model for count data.  

Poisson distribution is one of the most commonly recognized distributions for 

count data, with a key assumption of equal mean and variance Var(Y) = E(Y) = µ. When 

a sample of n observations y1, y2, , yn can be treated as realizations of independent 

Poisson random variables, with Yi ∼ P(µi), the Poisson (log-linear) regression is widely 

used for multivariate count data. It assumes that each observed count Yi is drawn from a 

Poisson distribution with the conditional mean µi on a given vector Xi for case i:  

, where   4.1. 

Poisson regression19 is a member of a class of generalized linear models, which are 

extensions of traditional linear models that allow the mean of a population to depend on a 

linear predictor through a nonlinear link function and allows the response probability 

                                                
19 In the SAS System, the Poisson regression can be fitted in PROC GENMOD by specifying “dist = 
Poisson” and “link = log”. The goodness-of-fit testing results and parameter estimates are reported in the 
output. 
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distribution to be any member of an exponential family of distributions (McCullagh and 

Nelder, 1989). The Poisson model is also expressed as follows with a log link: 

  4.2, 

where the regression coefficient βj (j=1,2…k) represents the expected change in the log 

of the mean per unit change in the predictor Xj. In other words, the effect of a one-unit 

change in Xj is a multiple of the previous mean by  according to the transformed 

equation 4.3, after exponentiating equation 4.2, whereas in the linear model it would 

simply be :  

  

                                                                                          4.3. 

4.5.2 Overdispersion 

Since real data do not often follow the assumption of equi-dispersion, one 

common reason for Poisson regression to fit poorly is “overdispersion”. This happens 

when the data variance is larger than the mean due to the unobserved heterogeneity 

and/or excess zeroes, which is obviously contradictory to the assumption of the Poisson 

distribution. As a rule, if the variance of the count data is greater than or equal to twice 

the mean, then overdispersion is likely to exist. Based on this rule, both response 

variables in this study are overdispersed (see statistics provided in Table 4-1). 

Overdispersion in a Poisson regression will lead to deflated standard errors of 

parameter estimates and therefore inflated t-statistics. One way to account for 

overdispersion is to introduce a dispersion parameter  into the relationship between the 



 

85 

variance and the mean Var(Yi)= µ. When =1, we have the ordinary Poisson model; 

and when >1, we have the overdispersed Poisson model.  

This method is based on a quasi-likelihood approach, which does not affect the 

estimation of parameters and allows the inferential testing without full knowledge of the 

probability distribution of the data (Wedderburn, 1974; McCullagh and Nelder, 1989). 

The dispersion parameter provides a correction term for testing the parameter estimates 

under the Poisson model by inflating the standard errors and does not introduce a new 

probability distribution. This method has become the conventional approach in Poisson 

regression. However, the caution is that it is just relabelling lack of fit as extra-Poisson 

variation and will only produce an appropriate inference when overdispersion is modest 

(Cox, 1983). McCulagh and Nelder (1989) proposed estimating  using a ratio of the 

deviance or the Pearson χ 2 to its associated degrees of freedom, such as   

After including the dispersion parameter in the model20, the standard errors of 

regression coefficients are appropriately adjusted, which leads to a much wider 

confidence intervals and higher p-values. As a result, the significance tests are more 

conservative than those based on the Poisson distribution before adjusting for 

overdispersion. 

                                                
20 SAS implemented this approach by introducing an option SCALE= in the model statement of PROC 
GENMOD. One can estimate dispersion (scale) parameter by either specifying SCALE=DEVIANCE (=D, 
or just DSCALE) or SCALE=PEARSON (=P, or just PSCALE). 
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4.5.3 Negative Binomial regression for count data 

Negative Binomial (NB) regression is the most common alternative to Poisson 

regression21. It addresses the issue of overdispersion by introducing a random component 

to represent the unobserved heterogeneity in the count data. NB regression assumes that 

the observations Yi differ randomly in a manner that cannot be fully accounted for by the 

observed covariates Xi, but when considering an extra heterogeneity component ei 

unrelated to Xi, the dependent count variable Yi is still Poisson distributed:  

   4.4, 

where  with E(ei) = 1 and Var(ei) = . However, conditional on 

only Xi, Yi is distributed as a negative binomial: 

   4.5. 

The distribution has conditional mean  and variance . Therefore, as the 

variance of the unobserved heterogeneity component converges to 0, the negative 

binomial distribution converges to Poisson. Otherwise, the negative binomial distribution 

is overdispersed relative to the Poisson. For this reason the NB model has greater 

flexibility in modeling the relationship between the expected value and the variance of Yi 

than the highly restrictive Poisson model.  

                                                
21 In SAS, NB regression can be run in PROC GENMOD by specifying option “dist = NB” and “link=log” 
in the model statement. The dispersion parameter  is estimated along with other covariate parameters. 
Similarly, possible “residual” overdispersion can be accounted for by including additional scale parameter 
by specifying the option SCALE in the model. Since the link is also “log”, the interpretation of the 
estimated parameters would be the same as in Poisson regression. 
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4.5.4 Model for clustered data 

Another important issue is that the data have a multi-level structure – 1408 

individual objects (level 1) nested within 144 census tracts (level 2). Since juveniles 

clustered in the same neighborhood are more likely to share common social background, 

experiences, and beliefs as compared with those from different neighborhoods with 

different features, there is great potential for the observations within the same tract to be 

dependent. This means the error terms in the regression model no longer hold the 

independence assumption of the Generalized Linear Model. Failure to account for the 

correlation in the data can result in underestimating the variance which will lead to 

artificially low p-values. Therefore, a statistical procedure addressing the clustered data 

structure was applied to help improve the reliability of the study estimates.  

One commonly used model-based analysis of clustered data is to fit the marginal 

generalized estimating equations (GEE) regression models introduced by Liang and 

Zeger (1986)22. This approach provides a non-likelihood based or quasi-likelihood 

approach for modeling correlated responses. In other words, by specifying one of a 

variety of possible working correlation matrix structures to account for the within-subject 

correlations, the GEE method estimates model parameters by iteratively solving a system 

of equations based on quasi-likelihood distributional assumptions. The merit of GEE is 

that valid inferences are produced for population average effects as long as the mean 

structure is correctly specified, even if the dependence structure is misspecified.  

                                                
22 In SAS, the main advantage of PROC GENMOD is that it can accommodate the analysis of correlated 
data. The necessary information to model the correlation in the data is inputted through the REPEATED 
statement. In this statement, SUBJECT option identifies the cluster and CORR is used to specify the 
“working correlation matrix”. This working correlation matrix reflects the assumption about the correlation 
structure between observations from the same cluster. One of the most commonly made assumptions is that 
the correlation within cluster is exchangeable. That is between any two elements of a cluster the correlation 
is the same. 
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4.6 Summary 

 This chapter provided detailed description on variables from five different 

sources, and discussed potential problems of data and corresponding statistical methods 

used to handle the problems. Regression models for count data, Poisson and Negative 

Binomial, were discussed in detail, along with the method of dealing with overdispersion 

in data. Finally, the chapter discussed a solution for modeling the multi-level clustered 

data. Next chapter will summarize how a best-fit regression model is selected out of the 

models discussed in this chapter. The results from the selected model will be presented as 

well.
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CHAPTER V 

MODEL COMPARISON AND RESULTS 

 

 This chapter discusses the model selection process and the empirical results. First, 

a discussion on model selection based on goodness-of-fit tests and a comparison among 

predicted probabilities is provided. Then the estimation results from the favored 

regression models are presented in an easy-to-compare format. Significant findings are 

highlighted and discussed in detail. 

5.1 Model Comparison in Predicted Probabilities 

As discussed in the last chapter, five regression models were run respectively for 

each of the dependent variables measuring recidivism, which included the basic Poisson 

regression with only an intercept (the null model), the Poisson regression with all the 

regressors, the Poisson regression with a scale option to account for overdispersion of the 

data, the basic NB regression, and the NB regression model with a scale option to 

account for the residual overdispersion. The potential correlation among observations 

was controlled by using the “repeated” option for clustered data.  

To evaluate how well a regression fits the count data and how much improvement 

a model can make in prediction, the most straightforward method is to compare the 

predicted and observed probabilities of each count outcome by taking the assumed 

probability distributions into consideration. The following procedure was used to obtain 

the predicated probabilities from each regression model. The Proc Genmod procedure in 
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SAS provides a predicted mean value for each observation based on the estimated 

parameters and the values in all the regressors for each observation. Such predicted mean 

values were then used as the estimated  in the probability distribution function (pdf) of 

the assumed distribution in a regression model (see formula 5.1 and 5.5) to calculate the 

predicted probability for each observation on each possible value in yi, where yi = 0, 1, 

2,…max(yi). For NB regression, the estimated dispersion parameter  can be found as 

an estimated scale parameter from the Analysis of Parameter Estimates table in the SAS 

output. After inversing the estimated dispersion parameter, the estimated  was plugged 

into the pdf for the negative binomial distribution. Then the predicted probabilities for 

each value in yi were averaged among all the 1408 observations. Such predicted mean 

probabilities from all the models were finally overlaid in one plot, Figure 5-1 and 5-2, to 

compare to the observed probability calculated from the data. The probabilities from the 

univariate Poisson distribution with the mean estimated from the data were also 

calculated and plotted in the same figure.  

In the plots for model comparison, the dotted black line represents the observed 

probability for each response variable; the dotted green line represents the univariate 

Poisson probability with mean from the data (2.0 in this case as shown in Table 4-1); the 

yellow and red solid lines present the predicted probabilities from Poisson regressions 

with the red line controlling for overdispersion; and the pink and blue lines are for the NB 

regressions with the blue line controlling for overdispersion. As discussed in section 

5.5.2, when overdispersion is accounted for in the regression models, the parameter 

estimates are not affected. Therefore, the yellow line overlaps with the red line and the 

pink overlaps with the blue. 
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The Figure 5-1 shows that the data do not follow a univariate Poisson distribution 

with mean . It is clear that the univariate Poisson distribution underestimates the 

probability at 0 and overestimates the probabilities at 1 to 4. The Poisson regression 

helped control the observed heterogeneity through the regressors. However, the 

improvement is only moderate. The under-prediction at 0 and over-prediction at 1 to 5 

suggest that the data are over-dispersed. That is to say, a model with a less restrictive 

assumption on dispersion is needed. The NB regression proved to be the better model to 

accommodate the overdispersion in the data. The plot suggests that the NB regression 

performed the best with only slight over-prediction at 0.  

Figure 5-1 Comparison between Observed and Predicted Probabilities  
from Regression Models on Recidivism1 
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 The Figure 5-2 indicates that the variable Recidivism2 does not follow a strict 

monotonic pattern, which definitely adds difficulty in finding a model. Neither the 

univariate Poisson distribution nor the Poisson regression is close to fitting the data. The 

NB regression predicts the main trend that passes through the data. Goodness-of-fit tests 

can be used to see whether the NB regression model fits the data.  

Figure 5-2 Comparison between Observed and Predicted Probabilities  
from Regression Models on Recidivism2 

 

 

5.2 Goodness-of-fit Test 

To test whether a model fits the data, deviance and Pearson Chi-Square (χ 2) are 

two popular measures for generalized linear models. Deviance measures a quality of fit 
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statistic for a model. The deviance for a model M0 is defined as −2 times the log-

likelihood ratio of the reduced model (under testing) compared to the full model:  

 

where denotes the fitted values of the parameters in the model M0, while denotes the 

fitted parameters for the "full model", a model with a parameter for every observation so 

that the data is fit exactly.  

Pearson Chi-Square test is a test of goodness of fit to establish whether or not an 

observed frequency distribution differs from a theoretical distribution: 

, 

where Oi is an observed frequency, Ei is an expected (theoretical) frequency, asserted by 

the null hypothesis, and n is the number of possible outcomes of each event. If the 

statistical model is appropriate, then both measures are asymptotically distributed as χ 2 

statistics with n-p degree of freedom, where n is number of subjects and p is the number 

of fitted parameters23. The expected value of a chi-square random variable is equal to the 

degrees of freedom. Then, if a model fits the data well, the ratio of the Deviance to DF, 

Value/DF, should be about one. Large ratio values may indicate model misspecification 

or an over-dispersed response variable; ratios less than one may also indicate model 

misspecification or an under-dispersed response variable. Table 5-1 and 5-2 present the 

statistics from SAS output for the corresponding response variables. 

 

 

                                                
23 If the overdispersion scale is selected in a model, different scaled deviance and scaled χ 2 are also 
reported in the SAS output. 
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Table 5-1 Goodness-of-fit Tests for Regression Models on Recidivism1 
Model Criterion DF Value Value/DF 

Deviance 1407 5006.391 3.558 

Pearson Chi-Square 1407 6994.185 4.971 

Null Poisson 

Log Likelihood  -849.463  

Deviance 1375 3294.855 2.396 

Pearson Chi-Square 1375 3856.394 2.805 

Poisson regression 
without accounting for 
overdispersion 

Log Likelihood  6.305  

Deviance 1375 3294.855 2.396 

Scaled Deviance 1375 1375.000 1.000 

Pearson Chi-Square 1375 3856.394 2.805 

Scaled Pearson X2 1375 1609.340 1.170 

Poisson regression 
accounting for 
overdispersion 

Log Likelihood  2.631  

Deviance 1375 1444.698 1.051 

Pearson Chi-Square 1375 1597.970 1.162 

NB regression without 
accounting for 
overdispersion 

Log Likelihood  420.790  

Deviance 1375 1444.698 1.051 

Scaled Deviance 1375 1375.000 1.000 

Pearson Chi-Square 1375 1597.970 1.162 

Scaled Pearson X2 1375 1520.877 1.106 

NB regression 
accounting for 
overdispersion 

Log Likelihood  400.490  

 

In this case, there are 1408 observations and 33 parameters including the intercept 

and the 32 categorical levels from the 15 explanatory variables. Thus, the degree of 

freedom equals to 1407 for the null model and 1375 for both Poisson and NB regression. 

For each model, five criteria are usually reported in SAS output. But the scaled deviance 

and scaled Pearson Chi-square are omitted for the models without controlling for the 

overdispersion since they are the same as the corresponding deviance and Pearson Chi-

square values.  
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Table 5-2 Goodness-of-fit Tests for Regression Models on Recidivism2 
Model Criterion DF Value Value/DF 

Deviance 1407 14331.179 10.186 

Pearson Chi-Square 1407 22724.570 16.151 

Null Poisson 

Log Likelihood  5040.478  

Deviance 1375 9289.814 6.756 

Pearson Chi-Square 1375 11246.062 8.179 

Poisson regression 
without accounting for 
overdispersion 

Log Likelihood  7561.161  

Deviance 1375 9289.814 6.756 

Scaled Deviance 1375 1375.000 1.000 

Pearson Chi-Square 1375 11246.062 8.179 

Scaled Pearson X2 1375 1664.547 1.211 

Poisson regression 
accounting for 
overdispersion 

Log Likelihood  1119.139  

Deviance 1375 1488.575 1.083 

Pearson Chi-Square 1375 1393.054 1.013 

NB regression without 
accounting for 
overdispersion 

Log Likelihood  10317.318  

Deviance 1375 1488.575 1.083 

Scaled Deviance 1375 1375.000 1.000 

Pearson Chi-Square 1375 1393.054 1.013 

Scaled Pearson X2 1375 1286.768 0.936 

NB regression 
accounting for 
overdispersion 

Log Likelihood  9530.131  

 

Based on the criteria discussed above, Table 5-1 shows that for the response 

variable Recidivism1, the Poisson regressions with all regressors are improved models 

compared to the null model. After controlling for the overdispersion, the ratio values 

become close to 1, which indicates that the Poisson model with scale parameter fits the 

data better after accounting for the overdispersion. However, it is clear that the NB 

models are much better choices even without controlling for the overdispersion. When 

the overdispersion scale was included in the NB regression, only small changes in the 

value ratio occurred. The improvement after adding the scale parameter is marginal. In 

addition, judging from the much lower deviance and Pearson Chi-square values, the NB 
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regression are again proved to perform better than other models. Similar findings can be 

drawn for the response variable Recidivism2.  

To examine whether a model is a statistical significant improvement compared to 

another, a likelihood ratio (LR) test can be used. The LR test follows Chi-square 

distribution with 1 degree of freedom: -2(LLmodel1 – LLmodel2). A significant test suggests 

that model2 is preferred to model1. Table 5-3 presents the testing results for the 

comparisons among the three preferred models identified by the goodness-of-fit criteria: 

the Poisson regression accounting for overdispersion (POO), the NB regression (NB), 

and the NB regression with scale parameter for overdispersion (NBO). All the tests are 

significant at 1% level. The NB regression controlling for overdispersion is proved to be 

better than the Poison regression. But the NB regression turns out to be the best fitted 

model for both response variables. Therefore, the following section will discuss the 

estimates from the NB model. 

Table 5-3 Likelihood Ratio Tests for Model Comparison 
 LR(POO-NB) LR(POO-NBO) LR(NBO-NB) 
Recidivism1 836.3186 795.7174 40.6012 
Recidivism2 18396.36 16821.98 1574.37 

             Note: POO – Poisson regression accounting for overdispersion 
         NB – NB regression 
         NBO – NB regression accounting for overdispersion 
 

5.3 Empirical Estimates from the NB Regression Model 

 The empirical estimation results from the preferred NB regressions are presented 

in two parts. The Type III tests on the overall effects of explanatory variables are 

discussed first. Then the parameter estimates are studied in detail to demonstrate the 

strengths of the significant effects. 
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5.3.1 Type III analysis for overall effects 

Type III statistics are requested in Proc Genmod procedure. Since the 

REPEATED option was specified to account for the correlation among juveniles within 

the same census tract, the score statistics for the fitted GEE models were calculated. 

Table 5-4 displays the statistics for both response variables. The test results for both 

response measures highly coincide with each other.  

Strong evidence indicates that the risk of recidivating or recidivating at how 

serious a level is significantly associated with a juvenile’s age and gender. The severity 

level of one’s first offense and his/her assault history also turn out to be significant at 1% 

level. The first two identified factors from risk and needs measures are shown to have big 

effects on the recidivism. Having successful outcome from programs or treatments is also 

an important indicator for better subsequent behaviors. The last but not least important 

effect is the social economic status of the neighborhood. When missing an individual 

level measure of juveniles’ social economic status, the SES index at census tract level 

still provides important information about the influence of social economic status on 

one’s recidivating behaviors. 

According to Table 5-4, there is insufficient evidence to support the existence of 

overall effects of the racial indicator, one’s mental state, the type of programs assigned, 

and the neighborhood safety measured by “Crime." Even though these variables are not 

shown to have overall effect on the responses, some of related parameters are found to be 

significant, which will be discussed in the next section. 

The effect of community services is mixed based on which response variable is 

under examination. The scores show that community services have some impact on how 
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many times a juvenile recidivated at a 1% significance level, but no impact on how 

severe the recidivism could be.  

Table 5-4 Score Statistics for Type 3 GEE Analysis in NB Regressions 
Recidivism1 Recidivism2 

DF Source Chi-Square Pr > ChiSq Source Chi-Square Pr > ChiSq 

1 Age*** 9.09 0.0026 Age*** 8.32 0.0039 

1 Male*** 26.71 <.0001 Male*** 25.14 <.0001 

1 Black 0.46 0.4981 Black 1.74 0.1872 

3 Severity1st*** 14.10 0.0028 Severity1st*** 12.77 0.0052 

2 Assault*** 11.80 0.0027 Assault*** 12.56 0.0019 

1 Overall 
Manifestation*** 41.55 <.0001 Overall 

Manifestation*** 37.28 <.0001 

4 Parental 
Impact*** 24.50 <.0001 Parental 

Impact*** 18.06 0.0012 

4 Mental state 5.94 0.2034 Mental state 6.53 0.1632 

1 Outcome** 3.92 0.0476 Outcome*** 6.78 0.0092 

2 Edu/Skill Prog 1.92 0.3826 Edu/Skill Prog 1.5 0.4733 

2 Cognitive Prog 3.32 0.1899 Cognitive Prog 0.81 0.666 

2 Supervision Prog 3.71 0.1567 Supervision Prog 2.73 0.2548 

2 SES Index** 8.52 0.0141 SES Index** 8.93 0.0115 

3 Crime 4.88 0.1810 Crime 5.88 0.1178 

3 Community 
Service* 7.08 0.0694 Community 

Service 5.1 0.1647 

Note: *** p<0.01; ** p<0.05; * p<0.1. 

5.3.2 Analysis of parameter estimates 

The estimated NB regression coefficients are summarized in Table 5-5 and 5-6. 

The lowest level of each categorical variable was used as the base level. Same as the 

Poisson regression, the NB regression models the log of the expected count as a linear 

function of the covariates. Each regression coefficient can be interpreted as follows: for a 

one-unit change in a regressor, the difference in the log of the expected counts of the 

response variable is expected to change by the respective regression coefficient, given the 
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other regressors in the model are held constant. Interchangeably, a one-unit change in a 

covariate will lead to a proportional change in the expected conditional mean by 

, where  is the expected mean before the one-unit change 

in the covariate. 

Tables 5-5 and 5-6 also provide 95% confidence limits (CL) for each estimated 

parameter. The CL means that we are 95% confident that upon repeated trials, 95% of the 

CL's would include the "true" population NB regression coefficient. It is calculated as 

Estimate ± (zα/2)*(Standard Error), where zα/2 is a critical value on the standard normal 

distribution. The CL is equivalent to the Chi-Square test statistic: if the CL includes zero, 

one would fail to reject the null hypothesis that a particular regression coefficient is zero, 

given the other predictors are in the model. It provides information on where the "true" 

parameter may lie and the precision of the point estimate. 

5.3.2.1 Parameter estimates for the recidivating count: Recidivism1  

Demographics 

Two of the demographics variables, age and male, are significant. Holding 

everything else constant and on average, a juvenile one year older is estimated to 

recidivate more frequently. The one year difference in age would lead to a proportional 

increase in the expected conditional count by exp(0.1071)* . In other words, 

the difference in the logs of expected counts is expected to be 0.1071 higher for the older 

youth compared to the younger one while holding the other variables constant in the 

model. Similarly, if two juveniles are at the same age with the same criminal, family, and 

SES background, etc., then the male juvenile is expected to recidivate exp(0.5162)=1.68 

times the mean for the female. 
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The insignificant parameter for the racial indicator suggests that the recidivism of 

black youth does not differ from youth of other racial groups within the same age and 

gender group when they share the same background and experiences as measured by 

other covariates. 

Status of the first offense  

The two variables measuring the severity level and assault status of the first 

offense are significantly associated with one’s recidivism count. Three parameters were 

estimated for the four-category variable “Severity1st”. Juvenile status offense was the 

base level for the contrast. The NB regression estimates for the other three categories 

show that the more severe the first offense, the higher the count of recidivism. Holding 

the other covariates constant, if the first offense was at severity level two, which includes 

any infractions, ordinance violations, and misdemeanor class B and C, then the juvenile is 

expected to recidivate exp(0.4241)=1.53 times the mean for the youth with only juvenile 

status first offenses. If the first offense was at level three, including offenses classified as 

misdemeanor class A, and felony class C and D, then the juvenile is expected to 

recidivate exp(0.4664)=1.59 times the mean for the youth with only juvenile status first 

offenses. Both of these parameters are significant at 1% level. When the first offense fell 

into the felony class A and B, the log of expected recidivism count would increase as 

well, however, not as much as the other two levels, only by 0.3331. In other words, 

offenders with most serious first offenses are expected to have exp(0.3331)=1.40 times of 

the expected count of those with lowest level first offenses, holding other variables 

constant. 
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Table 5-5 Analysis Of GEE Parameter Estimates from 
NB Regression on Recidivism1 

Parameter 
 

Estimate 
Standard 

Error 
95% Confidence 

Limits Z Pr > |Z| 
Intercept***  -2.7593 0.4090 -3.5608 -1.9578 -6.75 <.0001 

Age***  0.1071 0.0261 0.0560 0.1582 4.11 <.0001 

Male*** 1 0.5162 0.0758 0.3677 0.6646 6.81 <.0001 

Black 1 0.1127 0.1644 -0.2096 0.4350 0.69 0.4932 

Severity1st*** 2 0.4241 0.1129 0.2028 0.6454 3.76 0.0002 

Severity1st*** 3 0.4664 0.1167 0.2377 0.6951 4.00 <.0001 

Severity1st* 4 0.3331 0.1717 -0.0035 0.6696 1.94 0.0524 

Assault*** 1 0.3533 0.0846 0.1875 0.5192 4.17 <.0001 

Assault** 2 0.3223 0.1275 0.0724 0.5723 2.53 0.0115 

Overall Manifestation***  0.1256 0.0097 0.1066 0.1446 12.95 <.0001 

Parental Impact*** 1 0.4090 0.0953 0.2223 0.5957 4.29 <.0001 

Parental Impact*** 2 0.3540 0.1172 0.1242 0.5837 3.02 0.0025 

Parental Impact*** 3 0.5115 0.1331 0.2506 0.7724 3.84 0.0001 

Parental Impact*** 4 0.7124 0.1261 0.4652 0.9597 5.65 <.0001 

Mental state 1 0.1386 0.0977 -0.0530 0.3302 1.42 0.1562 

Mental state 2 -0.1171 0.1415 -0.3944 0.1602 -0.83 0.4077 

Mental state 3 -0.3234 0.2118 -0.7385 0.0918 -1.53 0.1268 

Mental state 4 -0.5557 0.7529 -2.0313 0.9200 -0.74 0.4605 

Outcome* 1 -0.2345 0.1222 -0.4739 0.0050 -1.92 0.0549 

Edu/Skill Prog 1 -0.1817 0.1748 -0.5243 0.1608 -1.04 0.2984 

Edu/Skill Prog 2 -0.2708 0.2643 -0.7889 0.2473 -1.02 0.3056 

Cognitive Prog 1 -0.0365 0.1263 -0.2841 0.2111 -0.29 0.7726 

Cognitive Prog* 2 -0.2271 0.1265 -0.4751 0.0209 -1.80 0.0726 

Supervision Prog 1 -0.1439 0.1768 -0.4904 0.2027 -0.81 0.4158 

Supervision Prog* 2 -0.2543 0.1459 -0.5404 0.0317 -1.74 0.0814 

SES Index 1 -0.0001 0.0670 -0.1316 0.1313 -0.00 0.9983 

SES Index*** 2 -0.3097 0.0721 -0.4509 -0.1684 -4.30 <.0001 

Crime 1 -0.1358 0.0865 -0.3054 0.0338 -1.57 0.1166 
Crime 2 0.0112 0.0869 -0.1592 0.1816 0.13 0.8974 
Crime** 3 -0.1535 0.0781 -0.3065 -0.0005 -1.97 0.0493 
Community Service** 1 -0.1935 0.0913 -0.3725 -0.0145 -2.12 0.0341 

Community Service*** 2 0.4010 0.0741 0.2559 0.5461 5.42 <.0001 

Community Service*** 3 0.2426 0.0621 0.1209 0.3643 3.91 <.0001 

Note: *** p<0.01; ** p<0.05; * p<0.1. 
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Judging by the estimates for “Severity1st”, the most serious first offenders seem 

to recidivate less than the moderate first offenders. This outcome might be explained by 

the juvenile’s availability to re-offend. Those who had the most severe first offense are 

more likely to be committed to secure confinement. Therefore, during the two years 

following the first offense, these juveniles might not be available to commit new crimes 

for part or all of the follow-up period. As a result, the expected recidivism count for the 

most serious first offenders might be lower than other less serious first offenders. 

The variable “Assault” measures the violence level of first offenders. The 

significant estimates suggest that the existence of a tendency for violence is highly 

associated with one’s recidivism level, as predicted. To be specific, a juvenile committed 

misdemeanor class assault is expected to have exp(0.3533)=1.42 times higher of the 

expected count for those who did not have assault charge, while holding the other 

variables in the model constant. If a juvenile had a felony class assault charge(s), the 

expected offense count would multiply the expected count of base group by 

exp(0.3233)=1.38. Considering with the estimates for “Severity1st”, the most serious first 

offenders seem to recidivate less than the moderate first offenders. This observation will 

be discussed further in Chapter VI.  

Extracted factors from risk/needs assessment measures 

The first underlying factor “Overall Manifestation” represents one’s overall 

behavioral/performance issues and direct influences from the youth’s surroundings. It is a 

dominating factor that directly reflects a juvenile’s risk level scoring between 0 and 19. 

As predicted, this factor is highly correlated with the recidivism count at the 1% level. 

While holding the other variables constant in the model, one score higher in the factor 
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“Overall Manifestation” would lead to a 0.1256 increase in the log of expected count. 

Assuming everything else the same, if a juvenile of zero risk, as shown in this factor, has 

an expected count E(Y0|X0), then another juvenile with a high score of 19 would have an 

expected re-offending count of exp(0.1256*19)*  = 10.87* , which 

is almost 11 times that of E(Y0|X0). 

The second underlying factor “Parental Impact” with values between 0 and 4 

represents the impact from parental issues, such as child abuse and neglect, substance 

abuse, and/or incarceration history, which might lead to prior out-of-home placement for 

the child. When parent(s) did not present any of the issues and the juvenile was not 

abused or placed out-of-home, the factor has a value of 0, which is considered the base 

for contrasts. When any of the above four dummy variables has a value of 1, the factor 

value increases by 1. If a juvenile was abused by a parent with drug addition and 

incarceration history, and therefore had out-of-home placement history, the “Parental 

Impact” for this juvenile has the highest value of 4. The positive model estimates show 

that all the parameters related to the second factor “Parental Impact” are highly 

significant. The worse the parent impact, the greater the recidivism. The parameter 

estimate increases to 0.7124 when the score of “Parental Impact” is 4, which means that 

when a juvenile had been abused by a substance addictive parent who had been 

incarcerated and was therefore placed out-of-home, s/he would be expected to have more 

than twice (exp(0.7124)=2.0388) the recidivating events of those who were free of these 

parental impact but shared all other features . Similarly, when the “Parental 

Impact” had a score of 3 (three of the four involved variables present a true value of 1), 

the expected recidivism count would be 1.6680* ; a score of 2 (two of the four 
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involved variables present a true value of 1) leads to the expected recidivism count 

increased by 1.4248* ; and juveniles with a score of 1 would be expected to re-

offend 1.5053*  times.  

The third factor is the weakest underlying factor that indicates juveniles’ mental 

state or potential mental health needs. The insignificant estimates provide no strong 

evidence to establish the association between this factor and recidivism. 

Juvenile justice intervention 

The regression output indicates that the type of program or treatment assigned to a 

juvenile does not necessarily have strong impact on the recidivism. Instead, the 

coefficient for variable “Outcome” shows that being able to successfully complete any 

assigned program(s) and/or treatment(s) would significantly decrease subsequent 

delinquent behaviors to almost four fifths (exp(-0.2345)=0.7910) of the expected count of 

those who did not successfully complete the program(s) and/or treatment(s) but shared 

other characteristics.  

The program-related estimates show that programs aiming to enhance one’s 

education or skill level (“Edu/Skill Prog”) had no impact on juveniles’ behavior at all. 

Being assigned to only one supervision (“Supervision Prog”) or cognitive level/behavior 

enhancing program (“Cognitive Prog”) does not make any difference either. However, 

more consistent supervision indicated by having two supervision programs and putting 

the juveniles on two programs designed to directly improve one’s cognitive level or 

behaviors appear to prevent further delinquency at the 1% significance level. The two 

effects are about the same. As compared with those who were not assigned to any 

supervision/cognitive program, assuming they have a expected re-offending count 
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, going through two supervision programs would lead to a proportional 

decrease in the expected re-offending count by 0.7755* , holding other 

variables in the model constant. Similarly, going through two cognitive programs would 

lead to the proportional decrease in the expected re-offending count by 

0.7968* . 

SES index 

The first parameter estimate for the SES index derived from the principal 

component of the census data shows that no significant behavioral difference existed 

between juveniles from the low SES status neighborhoods and those from the moderate 

SES status neighborhoods. However, the second parameter estimate suggests strong and 

significant decrease in recidivism for those from the top SES neighborhoods, as 

compared with those from the poorest neighborhoods, which supports the overall 

significant effect of the variable. Holding everything else the same, the expected 

subsequent offense count for youth from the top SES neighborhoods would decrease and 

become about three quarters (exp(-0.3097)=0.7337) of the expected count for youth from 

the low SES neighborhoods.     

Neighborhood safety 

The status of neighborhood safety was measured by the categorical variable 

“Crime.” The Type III analysis suggests the overall effect of this characteristic is not 

statistically significant. However, the parameter estimate on the fourth quartile is 

significant at 5% level and surprisingly has a negative sign. That is to say, holding 

everything else the same, a juvenile from the most dangerous neighborhood actually 

would commit fewer subsequent offenses than a juvenile from the safest 
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neighborhood , the difference would be 0.86* . More discussion 

about this variable will be presented in section 6.2. 

Community services 

The number of available community services within each census tract was 

included in the model as a proxy for community incentives for juveniles to gain human 

capital and therefore increase the cost of committing crimes. All three parameters are 

shown as being significant factors. The sign of the effects differ, however, depending on 

the number of available services. If only one service exists within a tract, then compared 

with those communities without any service available ( ), the expected 

recidivism count would decrease by 0.8421* . However, when more than one 

community service is available, as compared with those from communities without any 

service with expected count , the expected recidivism count increases to 

1.4933*  and 1.2746*  for juveniles from communities with two and 

three services respectively.  

To sum up, the factors associated with a lower recidivism count include the 

following: successful completion of the assigned program(s) and/or treatment(s), being 

on two supervision programs, being assigned to two cognitive/behavioral enhancement 

programs, coming from a high SES status neighborhood, and the existence of one 

community service focusing on career development and family counseling. On the other 

hand, the factors associated with increasing recidivism count include being older, being 

male, having violence tendency measured by at least one assault charge, having a more 

serious first offense than juvenile status offense, higher score in the first and second 
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factor “Overall Manifestation” and “Parental Impact”, and coming from a community 

with more than one available service.  

5.3.2.2 Parameter estimates for the severity score for recidivism: Recidivism2 

Different from the simple count of recidivism, the second response variable 

accounts for both frequency and severity of recidivism. Therefore, the estimated 

coefficients provide information on factors that are associated with the seriousness of the 

recidivism.  

Demographics  

Similar to regression results for the recidivism count, both age and male are 

significant. Holding everything else the same, a juvenile one year older than the other is 

estimated to recidivate more frequently and/or at more serious level. The one year 

difference in age would lead to a proportional increase of the expected score of 

seriousness by 1.1231* . Similarly, if two juveniles are at the same age with the 

same criminal, family, and SES background, etc., then the male juvenile is expected to 

have a seriousness score that is exp(0.5162)=1.72 times the mean for the female. 

The racial indicator “Black” is also insignificant in the NB regression for 

“Recidivism2”. This suggests that after controlling important factors such as age, gender, 

SES index, and major risk factors, etc., how persistent a juvenile would engage in what 

severity level of criminal activities does not depend on racial group s/he belongs to. 

Status of the first offense  

All the five parameters related to “Severity1st” and “Assault” are highly significant. 

Similar to the relations identified for the recidivism count, the first offense with higher 

severity classes is associated with the higher serious level of recidivism, and the 
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parameter for the most serious first offenders is smaller than the other two severity levels 

for first offenders. However, the three coefficients are very close to each other in this 

regression. The exponentiated values are 1.58, 1.59 and 1.51 respectively. The 

differences between them are tested to be insignificant by running the same NB 

regression, only using the last level of Severity1st as the base contrast level.  

Different from the pattern found in “Assault” and “Recidivism1”, the felony level 

assault is linked to a greater coefficient than the misdemeanor level assault. To be 

specific, if a juvenile committed a misdemeanor class assault, as compared with those 

who did not have an assault charge, the difference in the logs of expected score would be 

expected to increase by 0.3663, while holding the other variables in the model constant. 

If a juvenile had a felony class assault charge(s), the log of expected count would 

increase even more by 0.4135 compared to the log of expected count for those who did 

not have a violent tendency. This suggests that the higher level of violence tendency 

presented in the first referral would predict more serious offenses in the future. 

Extracted factors from risk/needs assessment measures 

Very similar to the findings for recidivism count, the first two underlying factors 

are found to be highly significant, while the third factor is not in most estimates. While 

holding the other variables constant in the model, one score higher in the dominating 

factor “Overall Manifestation”, which measures juveniles’ overall behaviors and 

influences from direct surroundings like parenting style and peer influence, would lead to 

a higher expected recidivism score by 1.15* . Then a juvenile with a high score 

of 19 is expected to have a score of 13.12*  as compared with a juvenile with  
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Table 5-6 Analysis Of GEE Parameter Estimates from 
NB Regression on Recidivism2 

Parameter  Estimate 
Standard 

Error 
95% Confidence 

Limits Z Pr > |Z| 
Intercept***  -2.1037 0.4731 -3.0309 -1.1765 -4.45 <.0001 

Age***  0.1161 0.028 0.0612 0.1709 4.15 <.0001 

Male*** 1 0.5422 0.0809 0.3837 0.7008 6.7 <.0001 

Black 1 0.2271 0.1698 -0.1058 0.5599 1.34 0.1812 

Severity1st*** 2 0.4555 0.1181 0.2239 0.687 3.86 0.0001 

Severity1st*** 3 0.4632 0.1276 0.213 0.7134 3.63 0.0003 

Severity1st** 4 0.409 0.1963 0.0241 0.7938 2.08 0.0373 

Assault*** 1 0.3663 0.0912 0.1875 0.545 4.02 <.0001 

Assault** 2 0.4135 0.1371 0.1447 0.6822 3.02 0.0026 

Overall Manifestation***  0.1355 0.0106 0.1147 0.1564 12.77 <.0001 

Parental Impact*** 1 0.494 0.1066 0.285 0.703 4.63 <.0001 

Parental Impact*** 2 0.3879 0.1221 0.1487 0.6271 3.18 0.0015 

Parental Impact*** 3 0.5521 0.1459 0.2662 0.838 3.78 0.0002 

Parental Impact*** 4 0.8182 0.1416 0.5407 1.0957 5.78 <.0001 

Mental state 1 0.0627 0.1046 -0.1423 0.2677 0.6 0.5487 

Mental state 2 -0.1901 0.1569 -0.4975 0.1173 -1.21 0.2255 

Mental state* 3 -0.4732 0.2352 -0.9342 -0.0121 -2.01 0.0443 

Mental state 4 -0.5041 0.7878 -2.0481 1.0399 -0.64 0.5222 

Outcome*** 1 -0.3928 0.1449 -0.6768 -0.1087 -2.71 0.0067 

Edu/Skill Prog 1 -0.2129 0.1752 -0.5563 0.1304 -1.22 0.2242 

Edu/Skill Prog 2 -0.1267 0.2817 -0.6787 0.4254 -0.45 0.6529 

Cognitive Prog 1 -0.0819 0.1338 -0.3442 0.1803 -0.61 0.5403 

Cognitive Prog 2 -0.1062 0.1434 -0.3872 0.1748 -0.74 0.4588 

Supervision Prog 1 -0.2331 0.1813 -0.5884 0.1222 -1.29 0.1984 

Supervision Prog 2 -0.202 0.1589 -0.5135 0.1094 -1.27 0.2036 

SES Index 1 -0.023 0.0737 -0.1675 0.1215 -0.31 0.7549 

SES Index*** 2 -0.2868 0.0753 -0.4344 -0.1391 -3.81 0.0001 

Crime 1 -0.1883 0.1151 -0.4140 0.0373 2.68 0.1019 
Crime 2 0.0133 0.1177 -0.2174 0.2440 0.01 0.9099 
Crime 3 -0.1386 0.1164 -0.3667 0.0896 1.42 0.2339 
Community Service* 1 -0.1624 0.0967 -0.3518 0.0271 -1.68 0.093 

Community Service*** 2 0.4333 0.081 0.2745 0.5922 5.35 <.0001 

Community Service 3 0.0019 0.0716 -0.1385 0.1423 0.03 0.9789 

Note: *** p<0.01; ** p<0.05; * p<0.1.  

 



 

110 

zero risk. The increase in the seriousness score is higher than that for the simple 

recidivism count. 

The second factor of parental impact also has four significant parameter estimates. 

The worse the impact is, the higher the corresponding coefficient is estimated similar to 

the regression results for the recidivism count, only with slightly larger values. Therefore, 

there is no need to elaborate.  

Only one parameter for the third factor “Mental state” is found to be significant at 

the 5% level. This factor consists of information from three variables, juvenile’s mental 

status (0-without mental health issue, 1-with mental problem and treated, 2-with mental 

problem but without treatment), whether or not the juvenile was diagnosed with learning 

disorder, and whether or not the parent(s) had a mental health history. Therefore, this 

factor contains values between 0 and 4. If a juvenile or the parent(s) did not have any 

mental problem history, then “Mental state” takes the base value of 0. The only 

significant coefficient is for level 3. There are three possible scenarios where the factor 

“Mental state” takes value of 3: one situation is that the juvenile had mental history and 

received treatment, was diagnosed with learning disorder, and had a parent with mental 

history; the other two scenarios both involve the juvenile diagnosed with mental illness 

but not treated, plus either the juvenile had a learning disorder or had parental mental 

history. When any of the three scenarios occur, the expected score of recidivism 

seriousness decreases by 62.3% of the expected mean score for a juvenile who did not 

show any mental problem or impaired learning capability. 
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Juvenile justice intervention 

The only significant coefficient that is related to the juvenile justice intervention 

is the one for program outcome. The negative parameter estimate suggests the same 

relation identified in the previous section, but with a larger magnitude of effect. That is to 

say, being able to successfully complete any assigned program(s) and/or treatment(s) 

would indicate a significant decrease in one’s tendency to persistently recidivate and/or 

the serious level of new offenses. The expected score would be reduced to a proportion of 

the expected score for those who did not successfully complete the program(s) and/or 

treatment(s) but shared other characteristics 0.675* .  

SES index 

Almost the same relationship between SES index and the response variable is 

estimated as described in the previous subsection. There is no significant behavioral 

difference between juveniles from low SES status neighborhoods and those from 

moderate SES status neighborhoods. However, for those from the highest SES 

neighborhoods, a significantly lower score in the seriousness of recidivism is found, as 

compared with those from the poorest neighborhoods with . Holding 

everything else the same, the expected score would decrease by 0.7507* .  

Neighborhood safety 

Again, the insignificant coefficient suggests that the variable “Crime” is not 

associated with the seriousness of one’s recidivism.  

Community services 

Only two parameters of the measures for community services are identified as 

significant. If only one service exists within a tract, then the expected score decreases by 
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0.85*  as compared with communities without any service available. When two 

community services are available, the recidivism score is expected to increase to 

1.5423* . The third parameter is not significant as in Table 5-5. 

To sum up, the factors that are associated with lowering the seriousness of 

recidivism include successful completion of assigned program(s) and/or treatment(s), 

coming from a high SES status neighborhood, the existence of one community service 

focusing on career development and family counseling. On the other hand, the factors 

associated with increasing the seriousness of recidivism include being older, being male, 

having a violent tendency measured by at least one assault charge, having a more serious 

first offense, a higher score in the first and second factor “Overall Manifestation” and 

“Parental Impact”, and coming from a community with two available services.  
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CHAPTER VI 

DISCUSSION AND IMPLICATIONS 

 
 

This study used a unique combination of data from five public sources to examine 

the frequency and seriousness of juvenile recidivism, to identify associated factors in 

order to help recognize those who have potentials of turning into chronic and serious 

offenders. Moreover, the study explores evidence to validate the risk and needs 

assessment tools used by the Missouri juvenile justice system and probes the significant 

factors to use as the basis for evidence-based programs. Following the conceptual model 

derived from an economic theory of crime, human capital investment theory, and 

developmental theories of delinquency from a life-course perspective, potential 

influential factors were identified and proxies were extracted when necessary. 

Exploratory factor analysis and principle component analysis were applied in an attempt 

to resolve issues related to assessment data and the collinearity of census data. Four 

different regression models were compared to select the one with the best fit and the 

greatest predictive power for each response variable. This chapter provides more 

interpretation of the estimation results along with policy implications. The discussion on 

the limitations of this study and a call for future work is presented at the conclusion.  

6.1 Discussion and Implications 

6.1.1 Hypothesis 1 supported by findings about risk factors  

As discussed in Chapter III, Hypothesis 1 proposes cumulative effects of 

individual-level risk factors on the juvenile recidivating behaviors. Based on the 
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significance and magnitude of the parameter estimates in the regressions on both 

recidivism measures, the most consistent and influential variables associated with a 

higher count and a greater seriousness of recidivism are the following: being older, being 

male, having a more serious first offense, showing a violent tendency, and scoring high 

on the factor “Overall Manifestation” that represents risk factors associated with a 

problematic attitude, behavior, and social relations, and the factor “Parental Impact” 

representing the existence of harmful parental influences. The findings about the two 

identified cumulative risk factors “Overall Manifestation” and “Parental Impact” provide 

ample support for Hypothesis 1.  

Race is not identified as a significant indicator for re-offending in this study, 

which is an important finding especially for a city like St. Louis where black youth are 

over-represented in the juvenile justice system. According to the census population 

estimates for 200724, in the city of St. Louis, about 64% of youth aged between 8 and 16 

are black youth, 34% white youth, and only 2% in other racial groups. However, as 

shown in Table 4-1, black youth account for 90% of the sample, which obviously shows 

an overrepresentation of black youth in this juvenile justice system as first offenders. 

However, among these first offenders, the insignificant coefficient for the variable 

“black” provides useful evidence to the policy makers and practitioners that race does not 

matter, holding other factors constant, to recidivism. In other words, black youth do not 

have a higher risk of recidivism.  

The study also finds potential explanations for this discovery. The insignificant 

result might be due to the inclusion of SES index and other risk and needs variables to 

control for the socioeconomic and risk/needs characteristic differences between youth of 
                                                
24 Data retrieved from http://mcdc.missouri.edu/websas/estimates_by_age.shtml.  
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different racial groups in the study. When these factors are controlled in the regression, 

the racial indicator becomes a more pure variable measuring any underlying biological 

differences among youth from different racial groups. To test this idea, the SES index and 

three factors extracted from the risk/needs assessment variables were removed in 

different combinations from the NB regressions. SES index, “Parental Impact”, and 

“Mental state”, are found to have impact on the significance of race variable “Black”. 

Importantly, the absence of the SES index as a key variable can turn the insignificant 

parameter on “Black” into one that is significant. Without removing SES index, the P-

value for the estimated coefficient for “Black” is never above a 0.1 level of significance. 

“Parental Impact” and “Mental state” help increase the significance level of “Black”, 

once they are removed from the model. This finding suggests the importance of the 

socioeconomic and assessment information to identifying youth with higher levels of 

recidivism, instead of using race as an unreliable indicator. Moreover, using race as an 

indicator is discriminatory, particularly given the results of this study. 

6.1.2 Hypothesis 2 partially supported by findings about neighborhood 

features 

Hypothesis 2 is interested in testing the effects of neighborhood characteristics on 

juvenile recidivism. The regression results show that youth from socioeconomic 

advantaged neighborhoods or from neighborhoods with two community services aimed at 

helping people enhance human capital and family relations recidivate less than others, 

given everything else is held constant. However, community safety, as measured by 

crime rates, does not show any statistical significance. Such results partially support 

Hypothesis 2.  
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The significant findings about neighborhood features suggests that juvenile 

officers and judges should take the socioeconomic background of a juvenile and the 

community services that are available to him/her into consideration during their decision 

making in assigning the proper treatment/program. If limited resources are directed to 

those from less advantaged neighborhoods, the expected outcome in the society might 

improve since youth from good neighborhoods have a greater chance of receiving private 

treatment. To maximize the possibility for juveniles to benefit from all kinds of 

resources, particularly when resources in the justice system are scarce, the judicial 

officers should routinely make the information about the available community-based 

services known to youth and families, especially those juveniles who are not provided 

with any treatment or program.   

6.1.3 Hypothesis 3 partially supported by findings related to the juvenile 

justice intervention  

The second principle of effective program summarized by Howell (2003) requires 

that the treatment services should involve behavioral, social learning, and cognitive-

behavioral strategies. Based on this principle, Hypothesis 3 proposes that the programs 

affecting juvenile attitudes and cognitive level help reduce recidivism. The findings in 

this study related to juvenile justice intervention do not strongly imply the effectiveness 

of any particular type of program. Even though the study finds that being assigned to two 

cognitive-behavioral/supervision programs decreases a juvenile’s subsequent offense 

frequency, the overall insignificance of the variables does not provide strong evidence 

that current programs differ in effectiveness by type of program. However, the significant 

findings in the successful completion of assigned program(s) and/or treatment(s) seems to 
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indirectly suggest that when a program is delivered in a way that matches the juvenile’s 

needs, personality, and learning ability, the juvenile will respond to the program in a 

positive direction not only by successfully completing the program, but also by showing 

less risk in recidivating or re-offending at a less serious level. 

In addition, the findings related to identifying chronic and serious offenders 

mentioned above can also be used as a basis for evidence-based programs. That is to say, 

programs should target controlling or modifying those factors that can be changed and 

are correlated with higher or more serious recidivism tendency. Consistent with the first 

principle summarized by Howell (2003), attitudes, behavior problems, school 

performance, and interpersonal skills are among the dominating factors that have been 

identified as a major indicator for recidivism. Therefore, well-developed and well-

delivered cognitive-behavioral programs should be the top choices for new program 

development or existing program management in both the court and the community.  

6.1.4 Evidence to validate the risk and needs assessment 

The Juvenile Offender Classification System implemented in Missouri juvenile 

and family courts uses a Risk Assessment Scale calculated from the information collected 

during the risk assessment. The risk scale is designed to permit accurate classification of 

juvenile offenders referred to Missouri Juvenile Courts according to their likelihood of 

recidivating25. The risk scale is comprised of the following ten “risk factors”: age at first 

referral, prior referrals, peer relationships, family dynamics, school behavior, referrals for 

assault, substance abuse, history of abuse and/or neglect, history of out-of-home 

placement, and history of parental incarceration. The first seven elements were included 

                                                
25 More detailed information about the composite of the risk scale and classification matrix is available on 
the website of Missouri Courts: http://www.courts.mo.gov/page.asp?id=1200. 
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in the dominating factor “Overall Manifestation” identified in this study and the 

remaining three elements appear in the second factor “Parental Impact”. Therefore, the 

results of this study appear to support the validity of the current risk scale used by 

juvenile and family courts. However, one element in the risk scale, age at the first 

offense, seems to be used in the opposite direction. Age at the first offense is classified 

into three categories with 16 scored as -2, 13 to 15 scored as 0, and 12 and under scored 

as 1. This way of defining the variable is based on the belief that the earlier a juvenile is 

involved in the justice system, the longer time s/he will have before aging out into 

adulthood and the greater the impact of an early life experience, producing a greater risk 

of re-referral to the juvenile justice system. There are two potential explanations for the 

difference between the finding from this study and the beliefs derived from previous 

research: first, this study focuses on the two-year period after the first referral. This may 

not be long enough to recover the whole story related to young juveniles involved in the 

system. But this finding concurs with findings from the National Youth Survey. Elliott 

(1994) found that serious violence prevalence rates for aggravated assault, robbery, and 

rape peaked at age 17 for males and at age 15 for white females and age 16 for black 

females. Therefore, it is reasonable to conclude that in a short term, within two years, 

being older at the time of first offence should be considered a risk factor when composing 

a risk scale as a tool for decision making focused on the short term. 

6.1.5 Useful implications 

The findings are useful for policy-makers and practitioners in several ways. First, 

the significant factors help identify potential chronic and serious offenders. In practice, 

when all, or most, of these indicators appear during the risk and needs assessment, the 
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judicial officers should pay closer attention to such juveniles and make proper decisions 

on disposition and program assignment.   

Second, in order to effectively prevent further delinquent behaviors, programs that 

help eliminate or weaken the identified risk factors should be used. Especially, when all 

the following risk factors present to indicate the most severe parental influence, namely 

previous child abuse and neglect, previous out-of-home placement, parental drug abuse 

and incarceration, such youth are expected to have much higher possibility of re-

offending. Programs should not only focus on dealing with juveniles’ behavioral and 

attitudinal problems, but also provide help to parents and caregivers to enhance their 

parenting skills and family relations. It is also important to match programs with 

juveniles’ needs, personality, and learning capability. For instance, when a male juvenile 

presents a tendency of violence and a moderately high score in factor “Overall 

Manifestation” caused by severe school behavior problem, academic failure, impaired 

interpersonal skills, and lack of parental monitoring and social support, programs ordered 

should target enhancing his capability of self-control, anger management, and his family 

relationship. In this case, the juvenile might benefit from a non-group program setting as 

initial treatment due to his lack of interpersonal skills. Once he successfully completes 

the initial treatment and gains a certain degree of confidence in interacting with others, he 

probably will benefit more from group treatment.  

Third, as noted above, black youth are more likely to be referred to the juvenile 

justice system by school, police, family members, and other agencies. However, this 

study finds no significant association between recidivism and being black after 

controlling for other factors, which raises a question why so many more black youth are 
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referred to the juvenile justice system as first offenders than other racial group. There is 

not enough data in the existing system to answer this question. Nothing is known about 

those who have similar behaviors but are not referred to the juvenile justice system. One 

important thing to do is to not only focus on how to reduce juvenile recidivism, but also 

on how to prevent youth, especially those of color, from entering the juvenile justice 

system. Some fundamental principles adopted by the United Nations Guidelines for the 

Prevention of Juvenile Delinquency (1990) are proper to be stressed here.  

The guidelines emphasize the entire societal effort to ensure the harmonious 

development of adolescents. They suggest that families, communities, and educational 

systems take leading roles in facilitating preventive policies and formal agencies of social 

control only be utilized as a means of last resort. Community-based services and 

programs should be developed for the prevention of juvenile delinquency, particularly 

where no agencies have yet been established. Educational systems should extend 

particular care and attention to young persons who are at social risk through developing 

and utilizing specialized prevention programs and educational materials, curricula, 

approaches and tools. Schools should serve as resource and referral centers for the 

provision of medical, counseling and other services to young persons, particularly those 

with special needs and suffering from abuse, neglect, victimization and exploitation. In 

particular, the guidelines put emphasis on the importance of educational systems to work 

together with parents, community organizations and agencies concerned with the 

activities of young persons, particularly those belonging to underprivileged, 

disadvantaged, ethnic or other minority and low-income groups. 
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Fourth, the significant effect of successful completion of assigned programs in 

reducing recidivism implies that the importance of increasing the successful rates of 

treatment programs. Again, practitioners need to match programs with juveniles’ needs, 

personality, and learning capability. It is important to find ways to improve juveniles’ 

attitudes and motivation for change. A motivated person will have a better chance to 

successfully complete the program(s). It requires the practitioners to be flexible and pay 

attention to individual youth’s needs and responses, especially those at high risk. 

6.2 Limitations of the Study and Future Research 

 Due to limited available data, this study combined data from several different 

sources. On the one hand, this approach enriches the study’s scope and prevents potential 

issues caused by missing data, but, on the other hand, the proxy variables collected may 

not perform as expected. An example might be the estimates of the parameters on 

“Crime”, which are not consistent with our hypotheses. Using a crime index to measure 

neighborhood safety requires combining data from different sources. To correct this 

shortcoming, a new question is suggested to be added to the risk and needs assessment to 

acquire information on juvenile’s perception about the community, so that one is able to 

measure the community social control impact in a more straightforward manner. 

 Another limitation of the data is the lack of information on individual SES status 

and the outcomes from accessing community service. Even though the association 

between neighborhood SES status and recidivism is established through this study’s 

findings, it does not provide strong evidence to support the hypothesis about the effects 

of economic incentives. The count of community services only provides a proxy for the 

availability of services, but does not accurately measure how well the community 
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services work for the juveniles in need. Since motivation of a person matters, it is 

important to know whether a juvenile ever seeks help from such community services and 

whether s/he successfully completes a program.  

  Based on the limitations identified in this study, it seems to be necessary to make 

several additions to the current risk assessment instrument26. First, findings of this study 

have recognized that SES information is important in identifying the true effect of racial 

difference on juvenile recidivism. To better control for this factor and provide judicial 

officers more accurate information on juveniles’ SES status for more effective resource 

allocation, it is important to include SES-related questions in the risk assessment 

instrument. Based on the commonly included factors in SES related studies, such as 

household income level, educational level of the household head, status of using public 

assistance, status of housing arrangement, etc., to create a SES index at the individual 

level, the questionnaire should include the following questions to be answered by 

parent(s) or caregiver(s): 

1. What are the household heads’ educational levels?  

2. How many people are there in the household? 

3. What’s your annual household income?   

4. Has your family applied for public assistance, such as food stamps, during the 

past 6 months? 

5. Housing tenure choice: ownership or rental?  

Second, since the perception of neighborhood safety theoretically impacts one’s expected 

utility function and risk perceptions, it might be important to capture that information 

during the interview between the juvenile officers and youth along with parent(s). Such 
                                                
26 See Appendix C for the current Missouri Juvenile Risk Assessment Scale form. 
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information will help interpret juveniles’ behaviors and help identify potential effective 

intervention methods. To capture such information, the following two questions are 

proposed to be answered by juvenile: 

1. Do you feel safe living in your neighborhood? If not, why? 

2. Do you find it necessary to join a local peer group to gain protection? If yes, why? 

Third, due to the limited resources within the juvenile justice system to prevent juvenile 

delinquency, judicial officers can help increase the chance of matching programs with 

juveniles’ needs by collecting information on all available community-based resources 

and services, and make them known to the juveniles and families. Moreover, in the risk 

assessment form, recommended community services and outcomes should be recorded as 

well as the court ordered programs.  

 Once the additional information is obtained routinely along with the current risk 

and needs information, the juvenile recidivism model proposed in this study can be tested 

again with information on the subjective beliefs of juvenile offenders. Without using 

proxies from different data resources, the validity of the model will be better supported 

and it will be easier to use as a predictive model without dealing with complicated data 

merged from multiple sources. Therefore, improving the risk assessment instrument will 

eventually help operationalize a complicated data management and analysis procedure 

into daily use, with the offending youth and the community the most likely beneficiaries 

of the change. 
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APPENDIX A 

 
Severity Level and Corresponding Offense Description 

 
Severity Level Severity Level Detail Offense Description 

1 Juvenile Status Truancy 
1 Juvenile Status Beyond Parental Control 
1 Juvenile Status Habitually Absent From Home 
1 Juvenile Status Behavior Injurious To Self/Oth 
1 Juvenile Status Status Offense - Other 
1 Juvenile Status Violation Of Valid Court Order 
1 Juvenile Status Muni - Curfew 
1 Juvenile Status Muni - Peace Disturbance 
1 Juvenile Status Muni - Animal Law 
1 Juvenile Status Muni - Carry Gun/Unlocked 
1 Juvenile Status Muni - Possess/Use Tobacco 
1 Juvenile Status Muni - Smoking In Public Place 
1 Juvenile Status Muni - Pedestrian Violation 
1 Juvenile Status Muni - Bicycle Violation 
1 Juvenile Status Muni - Possession/Dischrg Arms 
1 Juvenile Status Muni - Other Violation 
1 Juvenile Status Muni - False Alarm 
1 Juvenile Status Muni - Solicit Without Permiss 
2 Ordinance Violation Assault On Law Enforcement 
2 Ordinance Violation Opr Atv On Hwy/St Not Auth 
2 Ordinance Violation Pers<16 Opr Atv N/Accom/Sup Pa 
2 Ordinance Violation Park Hrs/Posted Closing Viol 
2 Ordinance Violation Opr Veh W/O Val Lic-1st/2nd Of 
2 Ordinance Violation Possess Marijunana 
2 Ordinance Violation Possess Drug Paraphernalia 
2 Ordinance Violation Minor In Possession 
2 Ordinance Violation Possess Alcohol 
2 Ordinance Violation Fail To Obey Lawful Order 
2 Ordinance Violation Peace Disturbance 
2 Ordinance Violation Dischrg Firewrks In City Limit 
2 Ordinance Violation Disorderly Conduct 
2 Ordinance Violation Harrassment-Phone Calls 
2 Ordinance Violation Property Damage 
2 Ordinance Violation Trespass 
2 Ordinance Violation Indecent Exposure Viol 
2 Ordinance Violation Stealing 
2 Ordinance Violation Shoplifting 
2 Ordinance Violation Tamp W/Mot Veh, Plane, Etc-1st 
2 Ordinance Violation Resisting Arrest 
2 Ordinance Violation Making False Report 
2 Ordinance Violation Misc Obstructing Police 
2 Ordinance Violation Possess Stolen Property 
2 Ordinance Violation Misc Wildlife Viol 
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2 Ordinance Violation Misc Ordinance Violation 
2 Ordinance Violation Assault 
2 Ordinance Violation Domestic Assault 
2 Ordinance Violation Opr Atv On Hwy In Exces 30 Mph 
2 Ordinance Violation Illegal Burning 
2 Ordinance Violation Permit Invld Lcensee Opr Mtrcy 
2 Ordinance Violation Misc Driv Lic Viol 
2 Ordinance Violation Passing Bad Check 
2 Ordinance Violation Fraudulent Use Credit/Debit Sv 
2 Ordinance Violation Excessive Noise 
2 Ordinance Violation Nuisance Viol 
2 Ordinance Violation Liquor Viol 
2 Ordinance Violation Public Intoxication 
2 Ordinance Violation Open Container 
2 Ordinance Violation Opr Mot Bike On Hwy/Str W/O Li 
2 Ordinance Violation Speeding (26-30 Mph Over) 
2 Ordinance Violation Miscellaneous Speeding 
2 Ordinance Violation Misc Weapon Violation 
2 Ordinance Violation Gave False Info To Officer 
2 Misdemeanor Class C Assault 3rd Degree 
2 Misdemeanor Class C Sexual Misconduct--3rd Degree 
2 Misdemeanor Class C Consprcy-Misusing "911" 
2 Misdemeanor Class C Private Peace Disturbance 
2 Misdemeanor Class C Refusal To Disperse 
2 Misdemeanor Class C Animal Neglect 
2 Misdemeanor Class C Fail Maintain Financial Respon 
2 Misdemeanor Class C Oper Veh Of Other W/ No Financ 
2 Misdemeanor Class C Illegal Operatn Atv On Highway 
2 Misdemeanor Class C Oper All-T Veh Hiwy W/O Licns 
2 Misdemeanor Class C Oper All-T Veh W/O Bicyle Flg 
2 Misdemeanor Class C Un 18-Oper All-T W/O Helmet 
2 Misdemeanor Class C Kw Post ID/Loc Info on Internt 
2 Misdemeanor Class C Exceed Spd Lmt By 16-19 Mph 
2 Misdemeanor Class C Poss Prscrpt Med<21 School 
2 Misdemeanor Class C Cut In On Overtaken Veh 
2 Misdemeanor Class C Pass Veh On Right/Trvl Off Rd 
2 Misdemeanor Class C Operate Motorized Bicycle Hwy 
2 Misdemeanor Class C Oper Veh W/Vision Reducng Mtrl 
2 Misdemeanor Class C Not Trnsp/Disp Waste Properly 
2 Misdemeanor Class C Exceed Spd Lmt 6-10 Mph 
2 Misdemeanor Class C Attmpt-Tak/Kill/Poss Wildlife 
2 Misdemeanor Class C Attmpt-Make False Affidavit/Mi 
2 Misdemeanor Class B Negligent Burning Or Exploding 
2 Misdemeanor Class B Sexual Misconduct--2nd Degree 
2 Misdemeanor Class B Property Damage 2nd Degree 
2 Misdemeanor Class B *Disc-Trespass 1st Degree 
2 Misdemeanor Class B Making False Report 
2 Misdemeanor Class B Making A False Declaration 
2 Misdemeanor Class B Obstruct Government Operations 
2 Misdemeanor Class B Unlawful Use Weapon-sub 6,7,8 
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2 Misdemeanor Class B Possession Of Defaced Firearm 
2 Misdemeanor Class B Peace Disturbance, 1st Offense 
2 Misdemeanor Class B Inhale Fumes Or Induce Another 
2 Misdemeanor Class B Violate State Wildlife Statute 
2 Misdemeanor Class B Act Viol In Non-Des Cons Area 
2 Misdemeanor Class B Oper Mtr Veh In Care/Imp Man 
2 Misdemeanor Class B Dwi--Alcohol 
2 Misdemeanor Class B Dwi--Drug Intoxication 
2 Misdemeanor Class B Dwi--Combined Alc/Drug Intoxic 
2 Misdemeanor Class B Oper Pers Wtrcrft-Unsafe,Rckls 
2 Misdemeanor Class B Ex Spd W/100 Ft-Dock/Pier/Etc 
2 Misdemeanor Class B Op Vessel w/o Safety ID Card 
2 Misdemeanor Class B Exceed Spd Lmt 20 Mph Or More 
2 Misdemeanor Class B Trespass-1st Degree 
2 Misdemeanor Class B Trespas Real Prop-Rsmo 569.145 
2 Misdemeanor Class B Dist Prscrpt Med<21 School 
2 Misdemeanor Class B Poss P-Med<21 School-2nd Ofn 
2 Misdemeanor Class B Prostitution 
2 Misdemeanor Class B Interfere With Legal Process 
2 Misdemeanor Class B Unlawful Assembly 
2 Misdemeanor Class B Abandon An Airtight Icebox 
2 Misdemeanor Class B Failure To Register Motor Veh 
2 Misdemeanor Class B Expired Registration 
2 Misdemeanor Class B Insufficient Flotation Devices 
2 Misdemeanor Class B Oper Vessel In Vio Of Markers 
2 Infractions Per < 18 Pur/Atm/Poss Cig-2nd 
2 Infractions Per < 18 Pur/Atm/Pos Cig-1st 
2 Infractions Viol Prov Inter/Temp Dr Priv 
2 Infractions Trespassing-2nd Degree 
2 Infractions Fail To Drv Within Single Lane 
2 Infractions Fail To Eqp Car/Trk/Bus W/Hdlp 
2 Infractions Fail To Equip Veh/Mtr Drwn Veh 
2 Infractions Fail To Equip Veh Wth Mufflr 
3 Misdemeanor Class A Poss/Cont Of Illeg Obt Wildlif 
3 Misdemeanor Class A Dom Assult-3rd Deg-1st/2nd Off 
3 Misdemeanor Class A Assault 3rd Deg Physical Inj 
3 Misdemeanor Class A Asslt Le,Ep,Pp-Phys Inj 
3 Misdemeanor Class A *Disc-Assault-Leo 3rd Degree 
3 Misdemeanor Class A Aslt/Atmpt Asslt Le,Ep,Pp-Cont 
3 Misdemeanor Class A Asslt Le,Ep,Pp-Apprehen 
3 Misdemeanor Class A *Disc-Stealing 
3 Misdemeanor Class A Theft/Stealing-Value < $500 
3 Misdemeanor Class A Stealing Motor Fuel 
3 Misdemeanor Class A Interference With Custody 
3 Misdemeanor Class A Reckless Burning Or Exploding 
3 Misdemeanor Class A Pass Bad Check < $500 
3 Misdemeanor Class A Fraudulent Usage Credit Device 
3 Misdemeanor Class A Sexual Misconduct 
3 Misdemeanor Class A Sex Miscond--2nd Deg-Prior Off 
3 Misdemeanor Class A Child Molestation--2nd Degree 
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3 Misdemeanor Class A Unlawful Sex With An Animal 
3 Misdemeanor Class A Tampering 2nd Degree 
3 Misdemeanor Class A Tampering W/ Prop 2nd Degree 
3 Misdemeanor Class A Tamper - 2nd / Motr Veh 
3 Misdemeanor Class A Tmp W/Comp Users - Val < $500 
3 Misdemeanor Class A Vandalizing Private Cemetery 
3 Misdemeanor Class A Institutional Vandalism 
3 Misdemeanor Class A Rec Stolen Prop < $500 
3 Misdemeanor Class A Furn Porno Material - Minors 
3 Misdemeanor Class A Endanger Welfare Of Child--2nd 
3 Misdemeanor Class A Elder Abuse-3rd Degree 
3 Misdemeanor Class A Res/Int W/Arrest, Det, Stop 
3 Misdemeanor Class A Fail/Refs Oby/Resist/Opps Shrf 
3 Misdemeanor Class A Escape/Attempt Esc From Custod 
3 Misdemeanor Class A Hindering Prosecution 
3 Misdemeanor Class A Tampering With Victim/Witness 
3 Misdemeanor Class A Probation/Parole Violation 
3 Misdemeanor Class A Unlawful Transfer Of Weapon 
3 Misdemeanor Class A Poss/Transprt/Mfg/Sell/Weapons 
3 Misdemeanor Class A Unloadd Firearm School Activi 
3 Misdemeanor Class A Poss Unload Frarm/Weap-Intox 
3 Misdemeanor Class A Possess Up To 35 Grms Marijuan 
3 Misdemeanor Class A Unlawfl Use Drug Paraphernalia 
3 Misdemeanor Class A Possess-Imitation Cntrl Drug 
3 Misdemeanor Class A Peace Dist, Sec/Subs Offenses 
3 Misdemeanor Class A Harassment 
3 Misdemeanor Class A Stalking - 1st Offense 
3 Misdemeanor Class A Littering 
3 Misdemeanor Class A Del/Pos Item At County Jail 
3 Misdemeanor Class A Animal Abuse 
3 Misdemeanor Class A Fail Obey Ord Interf W/Lawful 
3 Misdemeanor Class A Oper Veh W/O Dr Lic 1 Or 2 Off 
3 Misdemeanor Class A Op Mtrcycl W/O Valid Lic 1&2 
3 Misdemeanor Class A Dwr (Revoked For Abuse/Lose) 
3 Misdemeanor Class A Dwr (Pts/Fail Submt Chem Test) 
3 Misdemeanor Class A Dwr (Suspnd For Points) 
3 Misdemeanor Class A Dwr(Susp Nonappr/Nonpymt Cst) 
3 Misdemeanor Class A Op Mv Hwy Rvk (Susp .08% &Zero 
3 Misdemeanor Class A Op Veh Lic Can/Sus/Rev-Unkw Rn 
3 Misdemeanor Class A Fail To Drive Rght 1/2-Resulti 
3 Misdemeanor Class A Oper Mtr Veh Carless Re Accide 
3 Misdemeanor Class A Dwi--Alcohol--Prior Offender 
3 Misdemeanor Class A Left Scene Of Mtr Veh Accident 
3 Misdemeanor Class A Trespass To Rr Property 
3 Misdemeanor Class A Trespass Of A School Bus 
3 Misdemeanor Class A Invasion Of Privacy 2nd Deg 
3 Misdemeanor Class A Mke Terr Thrt W/Rkls Dsrgd Sft 
3 Misdemeanor Class A Dist P-Med<21 School-2nd Ofn 
3 Misdemeanor Class A Theft Cable Tv Serv < $500 
3 Misdemeanor Class A Counterfeiting 
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3 Misdemeanor Class A Idnty Thft (Up To $500-1st) 
3 Misdemeanor Class A Tmpr W/Comp Data-Value <$500 
3 Misdemeanor Class A Pub Display - Explct Sex Mater 
3 Misdemeanor Class A Violation Of Child Protect Ord 
3 Misdemeanor Class A Wlfl Resist/Opp Mem Patrl Duty 
3 Misdemeanor Class A Aiding Escape Of A Prisoner 
3 Misdemeanor Class A Concealing A Misdemeanor 
3 Misdemeanor Class A Refusal To Answr Subpoena Hors 
3 Misdemeanor Class A Rioting 
3 Misdemeanor Class A Poss/Trns/Use/Sl Prox Frwrks 
3 Misdemeanor Class A Ignt/Dschg Frwk From/In Mt Veh 
3 Misdemeanor Class A Frd Sec Cert/Lic/Priv St Wldlf 
3 Misdemeanor Class A Ows For Improp In Cmpct St 
3 Misdemeanor Class A Dws/Dwr(Fail Exam/Sbmt Ex Dor) 
3 Misdemeanor Class A Poss Of Rep Mod/Alt Drv Lic 
3 Misdemeanor Class A Opr Mv Wh Rvk (Rvk .08% Zero) 
3 Misdemeanor Class A Dr Cmv W/O Prop Cls Lic/Endrsm 
3 Misdemeanor Class A Fail To Yield To Emerg Veh 
3 Misdemeanor Class A Dwi-Drug Intoxicat-Prior Offen 
3 Misdemeanor Class A Juv Wilfully Violates Chpt 211 
3 Misdemeanor Class A Del/Atmpt Del/Pos/Dep/Proh Itm 
3 Misdemeanor Class A Fail Appear Misd/Ordinance Chg 
3 Misdemeanor Class A Contempt Of Court 
3 Misdemeanor Class A Misrpsnt Age Minor Obtn Liquor 
3 Misdemeanor Class A Supply Liquor Mnr/Intox Person 
3 Misdemeanor Class A Pur/Atmp Pur/Possess Liq Minor 
3 Misdemeanor Class A Minor Intox / Bac .02% Or More 
3 Misdemeanor Class A Prchse/Atmp Nonintx Beer-Minor 
3 Misdemeanor Class A Violt Reg Mnfctr/Sale Food/Drg 
3 Misdemeanor Class A Dsply/Psses Plates Of Anothr 
3 Misdemeanor Class A Pers<16 Yr Operate Veh On Hwy 
3 Misdemeanor Class A Oper Veh W/O Obtaining License 
3 Misdemeanor Class A Truancy 
3 Misdemeanor Class A *Disc-Filing False Statement 
3 Misdemeanor Class A Minor Sell Intoxicating Liquor 
3 Misdemeanor Class A Dumping In An Unlicensed Area 
3 Misdemeanor Class A Vio Rul/Reg Rap Tran Cr,Bus/Cn 
3 Misdemeanor Class A <18 Tattoo/Pierce Sub Off<1 Yr 
3 Misdemeanor Class A Op Mtr Veh Rev/Sus Lic-Ch 303 
3 Felony Class D Invlntry Manslaughter 2nd Degr 
3 Felony Class D Dom Assult-3rd Deg-3rd Offense 
3 Felony Class D Aslt-3rd Deg 3rd Subseq Off 
3 Felony Class D Assault While On School Proper 
3 Felony Class D Possession Of Burglary Tools 
3 Felony Class D Stealing Animals 
3 Felony Class D Steal Rel Offns-3rd(Stl/By/Rc) 
3 Felony Class D Attmpt-Phys Take Prop From Vic 
3 Felony Class D Knowingly Burning Or Exploding 
3 Felony Class D Frdlnt Use Crdt Device Ovr 150 
3 Felony Class D Sex Mscndt-1st-Pr Cnv/Weap/Rt 
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3 Felony Class D Sex Miscndct Invlg Chld-1st Of 
3 Felony Class D Incest 
3 Felony Class D Tampering 2nd Degree/Utility 
3 Felony Class D Property Damage 1st Degree 
3 Felony Class D *Disc-Institutnl Vndlsm 2,000- 
3 Felony Class D Damage To Jail/Jail Property 
3 Felony Class D Possess Child Pornography 
3 Felony Class D Resist Arrst Othr/Flight;Inter 
3 Felony Class D Resist Arrest/Detent/Stop 
3 Felony Class D Escape/Attempt From Confinemen 
3 Felony Class D Hindering Prosecution - Felony 
3 Felony Class D Tamper Physical Evidence Felon 
3 Felony Class D Unlawful Use Weapon-sub 1-4 
3 Felony Class D Unlawful Transfer Of Weapon 
3 Felony Class D Loadd Firearm At School Activt 
3 Felony Class D Poss/Dsch Load Frarm/Weap-Intx 
3 Felony Class D Attmpt-Distb/Del-Not More 5 G 
3 Felony Class D Unlwfl Use Drg Prphrnl-Amp/Mth 
3 Felony Class D Del/Ps/W/Int Dl/Mnf/Sel Drg Pa 
3 Felony Class D Del/Mnfctr Imitation Cntrl Sub 
3 Felony Class D Distrib Cntrld Sub Regstrn Req 
3 Felony Class D Hrssmnt Motvt By Discrimntion. 
3 Felony Class D Animal Abuse-Persistent Offend 
3 Felony Class D Left Scene Of Mtr Veh Accident 
3 Felony Class D Making A False Bomb Report 
3 Felony Class D Acsry-Mke Terr Thrt W/Rkls Dsr 
3 Felony Class D Unlwfl Sex W/Anim-Pr S566.111 
3 Felony Class D Tmp W/Comp Equip-$500-$1000 
3 Felony Class D Institutional Vandalism - $100 
3 Felony Class D Promoting Obscenity-1st Degree 
3 Felony Class D Escaping Custody Under Arrest 
3 Felony Class D Concealing A Felony 
3 Felony Class D Perjry/Procdre Not Invlve Flny 
3 Felony Class D Fraud-Attempt/Obtain Contr Sub 
3 Felony Class D Aggr Stalking 1st/Stalking 2nd 
3 Felony Class C Statutory Rape--2nd Degree 
3 Felony Class C Sexual Assault 1st Degree 
3 Felony Class C Statutory Sodomy--2nd Degree 
3 Felony Class C Deviate Sexual Assault-1st Deg 
3 Felony Class C Dom Aslt - 2nd Prior Dom Ofdr 
3 Felony Class C Dom Aslt- 2nd Deg 
3 Felony Class C Assault 2nd Degree 
3 Felony Class C Aslt 2nd - DWI w/Injury 
3 Felony Class C Asslt/Atmpt Asslt-Le,Ep,Pp-Pi 
3 Felony Class C Asslt Le,Ep,Pp-Ser Inj 
3 Felony Class C Burglary 2nd Degree 
3 Felony Class C *Disc-Stealing 
3 Felony Class C Thft/Steal Cntrl Sb-Sc 195.010 
3 Felony Class C Stealing A Motor Vehicle 
3 Felony Class C Theft/Stealing > $500 < $25000 
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3 Felony Class C Theft/Stealing Of Any Firearm 
3 Felony Class C Thft/Steal Crdt Crd/Ltr Crdt 
3 Felony Class C Theft/Steal Any Animal 
3 Felony Class C Felonious Restraint 
3 Felony Class C Arson 2nd Degree 
3 Felony Class C Forgery 
3 Felony Class C Passing Bad Check $500 Or > 
3 Felony Class C Sexual Abuse 
3 Felony Class C Sex Miscndct Invlg Chld-2nd Of 
3 Felony Class C Tampering 1st Degree 
3 Felony Class C Tamper - 1st / Motr Veh 
3 Felony Class C Tamper-1st / Airpln,Motr Boat 
3 Felony Class C *Disc-Tamp W/Mtr Veh, Plan, Bt 
3 Felony Class C Tampr-2nd Prop Anothr/Pr Conv 
3 Felony Class C Tampr-2nd/Motr Veh/Prior Con 
3 Felony Class C Institutional Vandalism - Over 
3 Felony Class C Rec Stolen Prop-$500/More/Dlr 
3 Felony Class C Promotin Child Porn 2nd Degree 
3 Felony Class C Endngr Welfr Of Child-1st Deg 
3 Felony Class C Abuse Of Child 
3 Felony Class C Escape Confinmnt By Striking 
3 Felony Class C Tamper With Victim/Witness 
3 Felony Class C Tamper W/Electric Monitor 
3 Felony Class C Possession/Concealed Firearm 
3 Felony Class C Knw Pos Exp Incnd/Pois-Sel Wep 
3 Felony Class C Poss/Transprt/Manufactr/Weapon 
3 Felony Class C Threat To Place/Plant Bomb/Exp 
3 Felony Class C Possess Wpn/Explsv Bus/Terminl 
3 Felony Class C Possess Controlled Substance 
3 Felony Class C Poss Chems Sec.195.005-195.425 
3 Felony Class C Making A Terrorist Threat 
3 Felony Class C Involuntary Manslaughter 
3 Felony Class C Stealing Watercraft/Aircraft 
3 Felony Class C *Disc-Tampering Frst Degree 
3 Felony Class C Keep/Maintain Public Nuisance 
3 Felony Class C Del/Atmpt Del/Pos/Dep/Cntr Sub 
3 Felony Class C Sale Drgs By Out-State W/O Lic 
3 Felony Class C Attmpt- Dom Aslt- 1st Deg 
3 Felony Class C Attmpt-Burglary 1st Degree 
3 Felony Class C Fugitive From Out Of State 
3 Felony Class C Failure To Appear - Felony 
3 Felony Class C Probation Violation 
3 Felony Class C Parole Violation (Law Enforce) 
4 Felony Class B Inv Mnsltr-1st Veh/Intox-Fel B 
4 Felony Class B Consprcy-Robbery 1st Degree 
4 Felony Class B Robbery 2nd Degree 
4 Felony Class B Assault 1st Degree 
4 Felony Class B Asslt/Atmpt Asslt-Le,Ep,Pp-D/W 
4 Felony Class B Asslt Le,Ep,Pp-Rckl/Ser Pi 
4 Felony Class B Theft/Stealing-$25000/More 
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4 Felony Class B Arson 1st Degree 
4 Felony Class B Sex Abuse-Ser Phys Inj, Etc 
4 Felony Class B Child Molest 1st Degree 
4 Felony Class B Promote Chld Pornogrph 1st Deg 
4 Felony Class B Abuse Child-Serious Emoti Inj 
4 Felony Class B Dsch/sht frarm mtr vh-1st ofns 
4 Felony Class B Dst/Del/Mn/Atmpt To/Poss W/Int 
4 Felony Class B Distrib-Cntrled Sub To Minor 
4 Felony Class B Traf Drg/Atmpt Trf Drg-2nd Deg 
4 Felony Class B Voluntary Manslaughter 
4 Felony Class B Dom Aslt - 1st Prsst Dom Ofdr 
4 Felony Class B Kidnp/Fac Fel/Flgt/Inflc Inj/T 
4 Felony Class B Fin Exp Eldr/Disbld-$1t-$49999 
4 Felony Class B Esc/Attempt Esc Frm Dep Of Cor 
4 Felony Class B Del/Atmpt Del/Pos/Dep/Conc Wep 
4 Felony Class B Attmpt-Causing Catastrophe 
4 Felony Class B Sexual Explo Of Minor 
4 Felony Class A Murder 1st Degree 
4 Felony Class A Murder 2nd Degree 
4 Felony Class A Dom Aslt 1st Deg Ser Physi Inj 
4 Felony Class A Assault 1st Deg-Serious Injury 
4 Felony Class A Assault-Leo 1st Degree 
4 Felony Class A Kidnapping 
4 Felony Class A Chld Molest-1st Dg-Pr Cv/Sr In 
4 Felony Class A Disch Arms Car/Bld-Inj/Death 
4 Felony Class A Mnf/Prd/Atmpt Mnf Prd Cntrl Sb 
4 Felony Class A Dst/Del/Mn/Atmpt To/Poss W/Int 
4 Felony Class A Acsry-Dist Contrl Sub Near Sch 
4 Felony Class A Dist Ctrld Sub Nr Pub Hos/Gov 
4 Felony Class A Traf Drug/Atmpt Traf Drug-1st 
4 Felony Class A Traf Drg/Atmpt Trf Drg-2nd Deg 
4 Felony Class A Arson 1st Deg - Injury / Death 
4 Felony Class A Elder Abuse-1st Degree 
4 Felony Class A Sex Expl Of Minor Child 
4 Felony Class A Forcbl Rape-Sx Int-Frcbl Cmlsn 
4 Felony Class A Forcible Sodomy-Dev Sexual Int 
4 Felony Class A Stat Sodmy-1st-Dev Sx Int-<12 
4 Felony Class A Forcible Rape-Ser Inj/Weap/Etc 
4 Felony Class A Atmpt-Frcble Rape-Atmpt Sx Int 
4 Felony Class A Stat Rape-1st-Sx Int W/Prsn<14 
4 Felony Class A Stat Rape-1st/Pys Inj/Weap/<12 
4 Felony Class A Forcbl Sodmy-Dev Sx/Ph In/Etc 
4 Felony Class A Stat Sodmy-1st-Dev Sex Int<14 
4 Felony Class A Armed Criminal Action 
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APPENDIX B 
 

SAS Codes 
 
Exploratory Factor Analysis SAS Codes 
/*EFA: identify major factors and corresponding loadings*/ 
PROC FACTOR DATA=RISK METHOD=ML PRIORS=SMC ROTATE=VARIMAX SCREE CORR   
                      RES OUT=PC OUTSTAT=LOAD REORDER N=3; 
VAR H_PLACE P_PRISON ACADEMIC ATTITUDE BHVPROB INTERSKILLS L_DISORDER 
    MENTAL P_MENTAL P_DRUG SOCIALSYS CAN PMSTYLE PEER SCHOOL DRUG; 
RUN; 
/*Calculate factor score from loadings*/ 
PROC SCORE DATA= FINAL_STD_SES SCORE=LOAD 
OUT=DATA.FINAL_STD_SES_FACTORS; 
RUN; 
 
 
Principal Component Analysis SAS Codes 
/*standardize SES variables*/ 
PROC STANDARD DATA=TRACT MEAN=0 STD=1 OUT=DATA.TRACT_W_ASES; 
VAR MedianGrossRent MedianHHInc Gini PctUnemployed2 
    PctUnder200Poor PctPubAssist PctSingleMothers PctLTHighScl; 
RUN; 
/*PCA*/ 
PROC FACTOR DATA=TRACT METHOD=P PRIORS=one ROTATE=VARIMAX SCREE CORR  

     RES N=1 OUT=PC OUTSTAT=PCA REORDER; 
VAR MedianGrossRent MedianHHInc Gini PctUnemployed2 
    PctUnder200Poor PctPubAssist PctSingleMothers PctLTHighScl; 
RUN; 
/*Create SES index and break down to three levels based on quintiles*/ 
DATA DATA.TRACT_W_ASES; 
SET DATA.TRACT_W_ASES; 
SES=PctUnder200Poor2*0.16519+MedianHHInc*0.16091+PctPubAssist2*0.14708+ 
PctSingleMothers2*0.13608+PctLTHighScl2*0.13536+PctUnemployed2*0.13472+ 
MedianGrossRent*0.12609+GINI*-0.1621;  
IF SES<=-0.63849 THEN STDSES3=0; 
ELSE IF SES>-0.63849 AND SES<=0.76129 THEN STDSES3=1; 
ELSE STDSES3=2; 
RUN; 
 
 
Poisson and Negative Binomial Regression Models SAS Codes 
PROC GENMOD DATA = dataset; 
CLASS categorical variable list /PARAM=REF REF=first; 
MODEL Y = X /DIST=Poisson(NB) LINK=log (DSCALE); 
REPEATED subject = FIPS/SORTED TYPE=exch; 
OUTPUT OUT=fitPoisson(fitNB) RESCHI=resch P=PRED; 
RUN; 
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