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Abstract

This project is an extension of a 2018-2019 academic year MQP that conducted an initial
investigation on how to improve service allocation in the foster care system. The 2018-2019
MQP team focused on improving service allocation to children and families across the United
States who have entered the foster care system due to substance abuse. Our team narrowed the
scope of the 2018-2019 project to better understand the impacts of the factors and services had
on children and families. We narrowed the scope of the project by improving service allocation
to infants from urban areas of Texas who were placed into foster care as a result of parental
substance abuse. Through the use of predictive analytics, we determined the impact that services
and other factors had on a child’s length of stay in foster care. Based on those findings, we used
prescriptive analytics to develop a mechanism that reallocates services with the goal of
minimizing the total amount of time children spend in care. Our results demonstrate that there is
an opportunity to improve service allocation by examining not only the details within a child's

case, but also the environmental factors surrounding the child’s case.
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Chapter 1: Introduction

This chapter introduces the scope of our project. We will describe the current state of the
opioid epidemic and how it affects the United States foster care system, followed by a brief
summary of the past research on this topic and what we plan to do to further the investigation.
Key terms related to the foster care system, the opioid crisis, and the mathematics utilized in the

study can be found in the glossary in Appendix A.
1.1 National Opioid Epidemic

From 1999 to 2017, over 400,000 people have died from opioid drug overdoses in the
United States (Scholl, 2018). This trend has been classified as the national opioid epidemic and
its impact has become so severe that it is now considered a public health crisis. The outbreak of
the epidemic can be broken into three major waves. The first wave occurred in the late 1990s
when pharmaceutical companies began prescribing opioid pain relievers (Kolodny, 2015). The
companies assured the public that these pain relievers were not addictive, and this led to
widespread use. By the time the public became aware of the addictive nature of the drugs, opioid
use, both legal and illegal, was rampant in communities throughout the United States. The
second wave began in 2010 with an increase in heroin use, resulting in a higher rate of heroin
overdoses. As legislation against prescription opioids began to set in, prescription opioids
became harder to obtain, and heroin became a cheaper alternative. Approximately 80% of heroin
users misused prescription opioids before turning to heroin (Jones, 2013). The third wave began
around 2013 with a significant rise in the use and overdose of synthetic opioids. The most
notable synthetic opioid is fentanyl which is illegally manufactured as an alternative to the other

forms of opioids. Figure 1 below illustrates the rise of each wave of the opioid epidemic.



Figure 1: Three Waves in the Rise in Opioid Overdose Deaths
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The opioid epidemic in the United States has had severe consequences on communities
and the nation alike. Opioid related deaths reached an all time high in the United States in 2017
with over 47,000 reported cases of overdoses (Scholl, 2018). As a result of these deaths and
widespread addiction, the epidemic has had a major economic burden on the United States. By
analyzing a variety of factors such as healthcare, criminal justice, and substance abuse treatment,
research found that the annual economic impact of the opioid epidemic in the United States was
$78.5 billion (Florence, 2016). Nearly 25% of these economic costs are financed by public
sources. As a result, the opioid epidemic has put significant strain on hospitals, governmental

programs and services, as well as families across America.

1.2 Effects of Opioid Epidemic on the Foster Care System

The opioid epidemic has profoundly impacted the United States foster care system.
Foster care is the temporary, out of home placement of children who are unable to remain in their
homes due to conditions that threaten their well-being, such as in cases of child abuse or neglect
(Foster Care, n.d.). In 2016, approximately 92,000 children were removed from their homes
because at least one parent had a substance abuse issue (Administration for Children and

Families, 2018). Historically, periods of drug epidemics have caused spikes in foster care
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populations. Notable increases have occurred during the crack cocaine epidemic in the 1980s, the

methamphetamine crisis in the 1990s, and most recently, the opioid crisis (Radel, 2018).

The United States foster care system faced about 674,000 cases of child maltreatment in
2017 (Administration for Children and Families, 2018). While this number equates to roughly
1% of all the children living in the US, only 20% of these cases resulted in a child entering the
foster care system. The remaining cases received support services through their state and county
agencies. Children can be removed from their homes and placed into foster care for reasons such
as physical abuse from a caregiver, drug and alcohol abuse, behavioral issues caregivers cannot
manage, disabilities, death of a parent with no new caregiver in place, or neglect (AACAP,
2018). Neglect is defined as a caretaker’s inability to take care of a child’s physical, emotional,
educational, or medical needs, and is the most common reason children enter the system
(Bradley, 2017). Children removed can be placed in one of three options: kinship, with a
sponsored family, or in specialized care (AACAP, 2018). Each type fulfils the specific needs the
child has when being removed in order to provide the child with the safest temporary solution.
When a child first enters the system of foster care, the child welfare system determines a desired
case goal. The case goal is what the child, family, and caseworkers strive to achieve in order to
establish permanency for the child (Annie E. Casey Foundation, 2019). Federal policy as well as
the professional literature on child welfare designate reunification as the preferred permanent
solution for children, whenever possible. However, there are other case goal options such as
permanent placement with a relative, foster care family, or emancipation. These different ways to
exit the system are unique to each case, but final placement is determined to be the safest and

least restrictive placement for the child.

While the mortality and overdose rates among opioid abusers is frequently highlighted,
one of the most profound impacts of the opioid epidemic is on children of opioid abusers. One
study found that the number of children entering the foster care system due to drug abuse has
doubled since 2000 (Meinhofer, 2019). The researchers at Weill Cornell Medicine used the
Adoption and Foster Care Analysis and Reporting System (AFCARS) to analyze five million

instances of children entering the foster care system. In 2017, they found that 1.2 million
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children entered the system due to parental drug abuse as the primary reason, a 21% increase

from 2000 (Neilson, 2019).

The opioid epidemic affects the foster care system in three major ways. First, it leads to
an increase in the number of children entering the foster care system (Collier, 2018). The opioid
epidemic brings kids into the system in two ways: the death of a parent or the resulting neglect,
abuse, or other maltreatment resulting from drug abuse. In the case of death, reunification is not
possible, and the state has to explore other avenues of care such as kinship, temporary foster care
placement, group home placement, or adoption. In the case of unfitness to care for a child, Child
Protective Services (CPS) will remove the child from the home and place him into foster care.
The state’s foster care system will work with the child and family to develop a plan for
reunification with the family or other permanency options. Regardless of how a child enters the
foster care system, it is a traumatic experience that has long lasting physical, emotional, and

psychological effects on a child (Collier, 2018).

In addition to increases in child placements, the opioid epidemic has profoundly strained
the resources and services within each state’s foster care system. The United States Department
of Health and Human Services found that the current opioid epidemic has strained state’s foster
care resources more than previous epidemics such as the methamphetamine crisis in the 1990s or
the crack cocaine epidemic in the 1980s because of multi-generational drug abuse (Radel, 2018).
During the crack cocaine and methamphetamine epidemics, family members and community
institutions shielded children from the consequences of parental drug abuse. With the opioid
crisis, caseworkers, judges, and other influential foster care personnel have found that drug abuse
among an abuser’s extended family has become more common. As a result, children are forced
into foster care or group home placement, which strains the resources of the state’s foster care
system. With limited resources within each state, children and families are subjected to poorly
funded programs, long waiting lists to receive services, or in some cases, unable to receive the

services they need (Radel, 2018).
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The opioid epidemic not only affects the foster care system as a whole, but also has a
profound impact on the children themselves. Possibly the most vulnerable segment are newborn
babies with mothers suffering from opioid addiction. “From 1992 to 2012, the overall proportion
of pregnant admissions remained at 4%; however, admissions of pregnant women reporting
prescription opioid abuse increased substantially from 2% to 28%” (Martin, 2014). A child who
is conceived from a mother who is addicted to opioids often suffers from neonatal opioid
withdrawal syndrome (NOWS). These infants are hospitalized for an average of 16 days after
birth, compared to the 2.1 days that healthy newborn babies spend. Since 2000, US hospitals
have reported a 20% increase in NOWS in live births. The long-term effects of NOWS include
developmental issues, academic and behavioral challenges, and increased risk of future addiction
(Martin, 2014). Children born with NOWS not only face severe developmental issues, but also
they are often born to a mother who struggles with opioid addiction. These mothers are more
likely to have poor nutrition, decreased access to the health care system, and increased exposure
to violence. As a result, these children are often neglected and born into an unsafe home
environment (Conradt, 2018). The opioid crisis has drastically impacted children of all ages
(Martin, 2014). In 2014, the National Survey on Drug Use and Health found that of all the adults
suffering from opioid addiction, 820,000 of them have at least one child from the ages 0-18
(Feder, 2018). These children are more likely to have a lower socioeconomic status and
increased difficulties in academics, social settings, and family functions than kids who live with
parents who do not suffer from opioid abuse. Additionally, they are subjected to higher risk of
parental abuse or neglect (Martin, 2014). The opioid epidemic has increased child placement in
foster care, which has strained state’s foster care resources, leading to continual stress, trauma,

neglect, and abuse of children within the system (Collier, 2018).
1.3 Project Overview

The overburdening of the foster care system is not only a major social issue, but an
economic, operations, and business issue as well. In 2018, WPI students Diefendorf, Doherty,

Tropeano, and Yagoobi applied an analytical approach to resource distribution within the foster
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care system. Using predictive modelling and optimization, they aimed to determine what foster
care services had the most positive impacts for children and how those services should be

allocated to minimize the overall length of stay in the system.
1.3.1 Project Methodology and Results from 2018

Diefendorf, Doherty, Tropeano, and Yagoobi analyzed data from the National Child
Abuse and Neglect Data System (NCANDS) and the Adoption and Foster Care Analysis and
Reporting System (AFCARS) to assess the effectiveness of the foster care services with regards
to reducing the amount of time a child spends in the system (Diefendorf et al., 2019). They
combined the two data sets, linking records pertaining to the same child, indicated by a Child ID
consistent across both data sets. After sorting out incomplete data and inconsistencies, there were
roughly 147,000 children and 60 data points for each case for the years 2010-2015 (Diefendorf et
al., 2019).

The group constructed linear regression models to determine the impacts of each service
offered. After generating all second degree interaction terms, their data set included over 1,700
features. They began by applying LASSO (Least Absolute Shrinkage and Selection Operator),
elastic net, and ridge regression to shrink the number of features and using cross validation to
determine which shrinkage method was the best. The models were trained on data from 2010 to
2014 and were cross validated using data from 2015. They ultimately found 53 statistically

significant factors which included a mix of primary and interaction factors.

Next, they implemented an integer nonlinear optimization model with the objective of
minimizing the total number of days spent by children in the system. The decision variables were
whether or not a child/family will receive a given service. Services had expected impacts: adding
or subtracting a number of days from the child’s total time in the system. The scale of the impact

is determined by the coefficients from the linear regression model.

The results of the optimization model are displayed in Table 1. The results contain a

conserative estimate and most likely estimate. The conservative estimate was developed by using
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the worst-case scenario for each individual regression coefficient within the optimization model.
The average savings per child were calculated by using a value of $70 to estimate the average

cost per child per day in foster care (National Council for Adoption, 2011).

Table 1: Results from 2018-2019 Predictive Model

Conservative Estimate =~ Most Likely Case

Total Days in Care 6,327,684 5,913,547
Actual Days in Care 6,411,901 6,411,901
Total Days in Care Saved 84,217 498,347
Average Days in Care Saved 5.2 31
Average Savings per Child (8) $361 $2,138
Total Annual Savings (Substance Abuse Cases) $36,589,536 $216,518,233
Total Annual Savings (Entire Foster Care) $98.,890,367 $585,185,233

Some shortcomings of this research include the factors used to predict total days in care. While
the model had a relatively high RSQ value of 0.707, it was using predictors such as number of
removals and length of most recent stay. These factors should not be treated as predictors
because they are outcomes rather than predictors or a child’s experience in foster care. This
analysis also lacked some potentially important explanatory variables, such as family income,
urbanicity of the town, and other factors known to influence the outcomes of foster care cases. A
major limitation of the regression is the censoring of data: the NCANDS and AFCARS data does
not indicate the amount or frequency of a service children receive, but rather is a binary indicator
of whether or not the child has ever received that service. Predicting outcomes is inherently more

difficult because the data often underestimates the amount of services received.
1.3.2 Overview of Project Extension

This project sought to expand upon the previous work by improving the accuracy of their
predictive modeling and implementing alternative integer linear programming problems. We

enhanced the predictive analysis by incorporating environmental data and by narrowing the
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scope of our research to a specific set of children. We chose to narrow the scope of our project to
children under the age of two because they represent the most vulnerable subset of the foster care
population. These children are under constant supervision of a caretaker and have limited ability
to ask for help or to physically protect themselves. Additionally, we chose to focus on children
within urban cities in Texas to limit the discrepancies in how data is reported from state to state
in NCANDS and AFCARS. Finally, we chose Texas because it was the state with the most data
for children under the age of two. Ultimately, the goal of this project is to determine the optimal
allocation of services to provide the greatest benefits to children and families in the foster care
system. The previous research group aimed to minimize the total number of days a child spends
in the system. However, the negative impacts of removal cannot be captured in a single metric
such as days spent in care. Research suggests that other factors play a larger role in the child’s
well-being. To investigate this, we experimented with an alternative goal of minimizing the

longest time any one child spends in care and balancing this new goal with the original goal.
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Chapter 2: Background

This chapter outlines the background research conducted for our project. We will
describe an overview of the foster care system and some of the challenges associated with it, the
legal processes from removing a child through the final permanency hearing, the environmental
factors correlated to children entering the system, and finally, a literature review of similar

studies conducted.
2.1 Overview of the Foster Care System

The foster care and child welfare systems promote the well-being of a child by ensuring
his safety, helping establish permanency, and strengthening families through programs and
services (How the Child Welfare System Works, 2013). The federal government sets guidelines
that all states must follow regardless of their individual regulations and operations of the child
welfare system. The foster care system in each state differs in physical structure, but the majority
of states follow the same general model. Within each state’s Department of Health and Human
Services, there is a division of social services that oversees the child welfare system. A child and
family’s involvement with the foster care system starts with a report to the state’s Department of
Child Protective Services (CPS). Next, the child will be removed and placed either with a
relative in kinship, with a sponsored foster family, or in specialized care. Kinship is often the
preferred placement since there is already an established relationship between the child and
caregiver, but it is not always a viable option. After kinship care is placement with foster
families, which despite the added foreignness can still provide a sense of normalcy for the child
compared to other options (Annie E. Casey Foundation, 2019). The final placement type is
specialized care such as group homes. This setting is primarily for extreme cases where a child
has special needs such as behavioral issues, teenage pregnancy, or disabilities that make it
difficult to find suitable kinship or foster caregiver. Group homes are managed by trained staff
and are often dedicated to children sharing the same special needs (Group and Residential Care,

2018).
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2.1.1 Current State of the Foster Care System

The number of children in the foster care system has steadily increased from 2013 to
2017. The number of children in foster care has increased by about 3% a year, leading to nearly
443,000 children in foster care by 2017 (Children’s Bureau, 2018). When a child is placed into
the system, a caseworker is assigned to represent the child (Administration for Children and
Families, 2018). The caseworker is required to go to court to remove the child and transfer
custody to the state. The desired end goal of the foster care system is to provide the child with a
safe and permanent solution, preferably through reunification. Children can spend a range of
time in the system. Around 50% of the cases last less than a year, 40% for one to three years, and
the remaining 10% last longer than three years in care. The longer the child is in the system, the
more time they will likely spend moving from home to home, resulting in a multitude of negative
experiences. They will be less likely to have a consistent education, form strong relationships, or
experience growing up in a healthy family setting. Children moved far from home also face
increased difficulty visiting their parents; this will amplify the difficulties of being in foster care.
In the end, about half of the children who enter the system are reunified with their original
caregivers. Others will be adopted, but unfortunately some children exit the system only when
they turn 18 through what is known as emancipation. Children who leave the system through
aging out tend to face significantly more financial struggles such as homelessness and
joblessness when they are thrown into the adult world from the foster care system (Annie E.

Casey Foundation, 2019). Figure 2 shows the percentages of the different exit types for children.
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Figure 2: Exit Types for Children Leaving the Foster Care System

Exit Type

Unknown

Guardianship
Emancipation 4

Reunification

Long Term Foster Care—

Adoption

Placement with relatives

Adapted from Meeting the Challenges of Contemporary Foster Care (2001)

2.1.2 Services Provided by the Foster Care System

Children and adults within the foster care system are offered a variety of services to aid in
reaching their case goal (Child Welfare Information Gateway, 2013). For cases deemed no risk
to moderate risk, families are offered some services within the community and some from the
foster care system. Services range from counseling, therapy, and support groups for the lower
risk cases to voluntary in-home services of the same nature. Any case classified as a high risk
case will result in the child being removed so that both he and the parents can receive the
necessary services they need. These services could include child care, parent education, and
higher intensity counseling for the most severe cases. For the children who age out of the system,
the state responsible for their case will provide services to help with the transition from foster
child to independent adult. This may include financial services such as Medicaid coverage,
housing, and tuition to a state institution or training and other support groups for how to be
independent (FindLaw’s team, 2019). Table 2 lists some of the potential services and a

description of what they are.
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Table 2: Available Foster Care Services and Description

Adoption Services

Case Management Services

Counseling Services

Daycare Services

Education Services

Employment Services

Family Planning Services

Family Preservation Services

Family Support Services

Health and Home Health
Services

Home Based Services

Housing Services

Information and Referral
Services

Child

Child

Child

Child

Family

Family

Family

Family

Family

Family

Family

Family

Family

Services provided to assist in the adoption of the
child.

Services aimed to deter, reduce, or eliminate
dependence on substances.

Provides the family additional guidance during
tough times.

Services aimed to deter, reduce, or eliminate
dependence on substances.

Services aimed to deter, reduce, or eliminate
dependence on substances.

Services aimed to deter, reduce, or eliminate
dependence on substances.

Services aimed to deter, reduce, or eliminate
dependence on substances.

Provides the family services to prevent an
out-of-home placement.

Community based groups designed to alleviate stress
and promote parental competencies and behaviors
that will increase the ability of families to
successfully nurture their children.

Community based groups where parents can
collaborate with others experiencing the same
events.

Community based groups where parents can
collaborate with others experiencing the same
events.

Services or activities designed to assist individuals
or families in locating, obtaining or retaining
suitable housing.

Community based groups where parents can
collaborate with others experiencing the same
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events.

Community based groups where parents can
collaborate with others experiencing the same
Legal Services Family events.

Services to help overcome issues involving
Mental Health Services Child emotional disturbances or maladaptive behaviors.

Community based groups where parents can
collaborate with others experiencing the same
Other Services Child events.

Community based groups where parents can
Pregnancy and Parenting collaborate with others experiencing the same
Services Family events.

Provides temporary care of the child to alleviate
Respite Services Family stress on the caretaker.

Community based groups where parents can
collaborate with others experiencing the same

Special Services Disabled Child events.
Community based groups where parents can
Special Services Juvenile collaborate with others experiencing the same
Delinquent Child events.

Services aimed to deter, reduce, or eliminate
Substance Abuse Services Family dependence on substances.

Community based groups where parents can
collaborate with others experiencing the same
Transitional Living Services Child events.

Community based groups where parents can
collaborate with others experiencing the same
Transportation Services Family events.

2.1.3 Challenges of the Foster Care System

The foster care system faces many challenges in tending to the children and families it

serves. One of these challenges is that the cases are beginning to have more complex needs
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(Chipungu & Bent-Goodley, 2004). Children coming into the system after being neglected
require different services than those coming in who were abused. Neglect is a general, catch-all
category, as neglect can be a symptom of other types of maltreatments that are harder to identify.
Since neglect cases cover a range of circumstances, cases of neglect are difficult to assist in and
match to useful services. There is often a mismatch of the services offered to families and what
they actually need, so cases are not resolved as efficiently as possible. Another challenge is
finding and retaining foster parents who are willing to host children. Foster parents are tasked
with being physically and emotionally available for a child they house, something that is
increasingly more difficult than any full-time job. Parenting is an around-the-clock, seven days a
week, year round job. Fostering a child may also require arranging visits with the child’s parents
or caseworker, as well as other appointments such as court hearings. Foster parents are not the
only members of the workforce who are difficult to retain. About 90% of child welfare agencies
reported struggling with insufficient staffing for the volume of casework they handle, and only
one third of those staff members are trained social workers. It is estimated that the turnover rate
of caseworkers is between 30 and 40% nationwide, and the average time someone spends as a
caseworker is just two years (Employment and the Child, 2010). The desire to reach a final
solution faster is increasingly more apparent within the families, but the resources available to do
so are just not enough. As a result, the system as a whole struggles to satisfy the increasing
complexity of the cases without having foster parents and caseworkers available to help them

(Chipungu & Bent-Goodley, 2004).

2.1.4 Vulnerability in the Foster Care System

Of the 265,000 children and youth who entered the foster care system in FY 2017, 19%
of them were infants under the age of one (Williams & Sepulveda, 2019). Abuse and neglect is
more likely to induce long-term conditions in infants than in older children, since early life
experiences are crucial in the development of a child. Maltreatment at this stage often leads to
altered brain functioning, and its effects can be carried into adulthood. Infants and toddlers are

twice as likely to enter the foster care system than older children in general, and two of the most
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common reasons for this i1s due to neglect or parental drug abuse. It is estimated that 68% of
infants and toddlers enter the system due to neglect, compared to 59% for children over the age
of 1. Similarly, parental drug abuse is a risk factor in 46% of cases for children under the age of
1, compared to 30% for children over the age of 1. Infants are much more vulnerable to neglect
than older children as they are totally dependent on their caregivers (Child protection
intervention, n.d.). They need constant attention and care, but when a parent is struggling with
substance abuse, the ability to care for the child greatly decreases, thus preventing the infant
from receiving the care it needs (Williams & Sepulveda, 2019). Furthermore, 4% of infants who
enter the foster care system have been exposed to drugs themselves, typically through prenatal
exposure from a mother’s use of drugs. Prenatal exposure can lead to withdrawal symptoms after
birth, requiring intensive neonatal care (Dysart, 2018). Overall, infants are an especially

vulnerable group of children and face unique challenges not experienced in other age groups.
2.2 The Legal Processes of the Foster Care System

All child welfare systems share the common goal of promoting the safety of children by
establishing permanency, and strengthening families through programs and services (How the
Child Welfare System Works, 2013). CPS and social workers from the child welfare system
conduct an initial investigation to assess the risk to the child’s safety. If they determine that the
risk to the child’s safety is low, CPS will allow the child to remain in the current living situation.
The child and family will receive programs and services to address the issues. If CPS and child
welfare workers determine that there is a high risk to the child’s safety, they will remove the
child and place them into temporary foster care. The child and parents will then attend an
adjudicatory hearing in which the judge determines whether or not the allegations against the
parents are substantiated. If the judge does not find enough evidence, the report is
unsubstantiated, the child is returned to his/her parents, and the family is offered services to
address its needs. If the judge finds sufficient evidence, the report is substantiated and further

court proceedings are required to determine the permanency of the child.
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Following the adjudicatory hearing is the dispositional hearing. During this hearing, the
court determines the case goals for the family. Additionally, social workers decide the programs
and services the child and parents need to assist them in achieving their goals. The child and
parents are not summoned to court again until the review hearing. During the review hearing, the
judge and social worker assess the progress the child and parents have made towards their case
goals. The court may require that the child or parents receive more services or attend more
programs. Additionally, if the judge determines that the parents are digressing from their case
goals, they may begin the process of the termination of parental rights. The final hearing the
child and family attend is the permanency hearing. During this hearing, the court decides the
living placement that will best promote the safety and well being of the child until they age out
of the system (How the Child Welfare, 2013). Figure 3 provides an overview of t