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ABSTRACT
The United States, Great Britain, Denmark, Canada and many other countries have accepted home visitation
(HV) as a promising strategy for interventions for infants after births and for their mothers. Prior HV studies
have focused on theoretical foundations, evaluations of programs, cost/benefit analysis and cost estimation
by using hospital/payer/insurance data to prove its effectiveness and high cost. As governments and private
organizations continue to fund HVs, it is an opportune time to develop and formulate operations research
(OR) models of HV coverage, quality and cost so they might be used in program implementation as done
for adult home healthcare (HHC) and home care (HC). This dissertation introduces a new modeling approach
and proposes a solution methodology which helps to determine the schedules of follow-up nursing care
providers (NCP) to visit discharged patients in order to minimize total follow-up cost at the planning and
operational level, and to improve the quality of care. The model improves the quality of treatment of infants
and mothers during pregnancy, after birth and discharge from the hospital by maximizing the quality of
assignment of the right NCP with the right skill, nurse type and years of experience to the right patient with
the specific health need. The modeling approach is based on a mixed-interger programming (MIP)
formulation that represents the dynamics of the system comprising aspects such as visit schedules and total
program’s cost while satisfying a variety of requirements modeled as constraints. The model is tested and
validated with real life data. Computational results for the formulation for real life instances of the problem
with the Nurse Family Partnership Program (NFP) obtained using IBM CPLEX optimization Studio version
12.6.1 are presented. The intent is to enhance the administrative and deployment process of HV programs,
minimize risks, allow planners to explore the best scenarios under different conditions related to cost,
treatment and coverage requirements, and highlight the best course of action when assigning NCPs to clients.
Results show significant cost savings and enhanced quality treatment in several cases studied and tested.

Finally, the study identifies and presents fertile avenues for future research for this field.
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CHAPTER I
INTRODUCTION
Infant Home Visitation programs and interventions, here after termed “HV™, play an important role in the
lives of infants and their mothers as well as yield great effects and benefits to communities. HVs are
programs designed to follow-up on infants and their mothers during the period of pregnancy and following
postpartum discharge. They are designed to promote optimal child development and function to prevent
child abuse, neglect, and other negative outcomes such as academic underachievement, psychological
maladjustment and antisocial behavior [1]. For a typical HV, nurses and paraprofessionals are hired, trained
and assigned families to visit at their homes on a regular basis. Since not all the care providers are licensed
nurses, this study uses nurses and nursing care providers (NCP) interchangeably, where “nurses” refers to
NCP. During the visits, the NCP assesses the health of the infant, provides training to the mother and
recommends treatments among others. A high percentage of mothers enrolled in HV programs have
histories of substance abuse which affects the infant’s health and the mothers’ ability to care for them, and
is compounded by financial struggles that arise from difficulties in maintaining employment. Drug use
during pregnancy affects the development of babies in different ways before and after their birth [2]. This
places babies at risk for immediate and lifelong health concerns such as Neonatal Abstinence Syndrome
(NAS), difficulty in school, serious health problems, sleep disorders, developmental delays, impulse control
problems, behavioral, emotional and learning problems as well as addictive behaviors [2]. NAS is a group
of problems that occur in a baby who has been exposed to certain drugs while in the mother’s womb [2].
These infants demand an exceptional level of care, treatment, and nurse and physiatrist follow-ups in order
to attain better outcomes. This is necessary because parents with substance abuse issues face a wide variety
of complexities including inexperience in caring for infants with health issues; hence, risking the safety and
guality of health of infants. For parents and even foster parents with critically ill infants, the transition to
parenthood is compounded by worry and concern about their baby’s medical condition, including fear of
death [3-8]. Most importantly, HVs targets specific groups of the population; disadvantaged and disabled
children [9], at risk children’s families and communities [10], adolescent mothers [11], low-income
families, low-income single teen mothers, low birth-weight infants, premature infants [12], women at high
risk for a variety of maternal and child health problems [13, 14], and impoverished children [15] among
others. A comprehensive list of infant HV models may be found in [16, 17]. Numerous studies confirm and
support the hypothesis that HV has significant lifelong advantages and benefits. The concern is the
increasing cost of these programs with the ever increasing population. From the Operations Research (OR)
perspective, this may be called the Home Health Care Problem (HHCP) where the home visit paradigm is

modeled mathematically for visit scheduling, nurse and patient assignment and routing among others, and
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with varying constraints with the aim of achieving efficient and cost effective treatments service. Typically,
the problem consists of the following tasks: assignment of nurses to jobs, planning schedules and rosters,
planning visit routes and planning the effective utilization of available funds for the jobs. The problem has
been solved in different ways as the vehicle routing problem, the nurse rostering problem and multiple
travelling salesman problem with time window among others to achieve various objectives (minimizing
travel distances, time and operational cost). In the real world of infant HV, home visits are planned manually
by assigning each nurse a caseload with visits scheduled. The nurse supervisor spends a substantial amount
of time performing this task, and there are no possibilities of optimizing to save cost and time. Also the
guality of treatment and service cannot be effectively captured. Serious problems could arise in the event
of disruptions where a nurse is absent or quits her job, or a family drop out of the program causing an
unbalanced caseload. Little attention has been given to this problem and only for adult care. The first
attempts of OR application to homecare were presented by Begur et al. [18], Chen and Rich [19], and
Deangelis [20] respectively in the 1990’s. Since then the problem has gained attention in the OR
commmunity and several approaches have been presented. The subsequent sections describe prior OR
applications to homecare. The goal in this research is to develop a model that assigns and determines the
schedules of follow-up nurses to visit discharged patients in order to minimize total follow-up cost at the
planning and maximum operational levels, while improving the quality of care and satisfying a variety of

constraints.

Background
Infant intervention programs have been proven to be a potent means of preventing maltreatment and abuse,
while enhancing growth and promoting good health [21-24]. HV programs have also been effective in
enhancing the quality and safety of infant lives through their effects and impacts on intellectual and
academic achievements [25], children's cognitive and affective development [26], cognitive and linguistic
intervention, child maltreatment, social development in children [27], school outcomes [28], mother child
relationships, single-parent families, low-birth-weight and premature infants [29], families of low socio-
economic status [30], depressed mothers, and families dependent on public assistance [31]. Evidenced
based HV programs improve quality of child-care [31-34], prenatal and perinatal health, nutrition, safety
and parenting, child development [35], and at the same time help to decrease infant morbidity, maternal
school dropout [36], drug substance use, emergency department visits and hospitalizations caused by
injury, and unintended subsequent pregnancies. Prior studies have confirmed the successes of these
programs in increasing mothers' participation in the work force [37] and their impact on government cost

saving. Studies in literature indicate that there are thousands of publicly and privately funded HV programs
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in the U.S. which provide services to at least half million children [1], [38], [39]. A plethora of literature
on the subject of HV programs for infants are found in various databases including journals, reports,
dissertations, conference proceedings, government legislatures, books, etc. Over the past 40 years, more
than 250 home visiting models have been developed by researchers and service providers, ranging widely
in their approach to staffing, curriculum, length of service delivery, and demonstrated effectiveness in
reducing rates of child maltreatment [38]. Paul et al. [39] noted in his study that because the compliance of
practitioners with the AAP guidelines has been inconsistent and is at times impractical as a result of office
hour limitations, alternative models of follow-up care must be explored. A study by Escobar et al. [40]
focused on randomized comparison of HV and hospital-based group follow-up visits after early postpartum
discharge. The study noted that current guidelines provide scant guidance on how routine follow-up of
newly discharged mother—infant pairs should be performed. The study used a randomized clinical trial
design with intention-to-treat analysis in an integrated managed care setting serving a largely middle class
population with the aim of comparing 2 short-term (within 72 hours of discharge) follow-up strategies for
low-risk mother—infant pairs with postpartum length of stay (LOS) of less than 48 hours; HV by a nurse
and hospital-based follow-up anchored in group visits. The study concluded that mothers in the HV group
were more likely than those in the control group to rate multiple aspects of their care as excellent or very
good, and that for low-risk mothers and newborns in an integrated managed care organization, HV
compared with hospital-based follow-up and group visits were more costly but achieved comparable
clinical outcomes and were associated with higher maternal satisfaction [40]. Similarly, Paul et al. [39]
concludes that HV after newborn nursery discharge is highly cost-effective for reducing the need for
subsequent hospital-based services. The results of this study are in agreement with those that describe a
reduced need for hospital and emergency services when guidelines for primary care of infants are followed
and accessibility of this care is improved [41-48]. Another study by Lieu et al. [49] focused on randomized
comparison of home and clinic follow-up visits after early postpartum hospital discharge. The study
concluded that for low-risk mothers and newborns in an integrated health maintenance organization, HV
compared with pediatric clinic visits on the third or fourth postpartum hospital day were more costly, but
were associated with equivalent clinical outcomes and markedly higher maternal satisfaction. Although
decisions to implement intervention programs involve many factors, U.S. policy makers often think in
economic terms [50]. In contrast, policy makers in Great Britain and Denmark have accepted universal HV
programs as the optimal process for linking families of newborns with other governmental health and social
service programs [51]. Black et al. concluded that their findings support a cautious optimism regarding

home intervention during the first year of life provided by trained lay home visitors.



The majority of HV studies documented in literature found positive effects of HV. A review by the Council
on Child and Adolescent Health [52] highlighted the role of HV programs in improving health outcomes
for children and families. The review found that Denmark established HV by law in 1937 after a pilot
program was successful in lowering infant mortality. France provides free prenatal care and HV by
midwives and nurses to provide education about smoking, nutrition, alcohol, drug use, housing, and other
health-related issues. In England, every prospective mother is visited at home at least once before birth,
with six more visits typically occurring before the child is 5 years of age [52]. The council on child and
adolescent health [52] reported in 1998 that in the U.S., HV services have been perceived by many as too
costly and unnecessary for all new families when the program began in the late 19th century. At the
beginning of the 20™ century, the New York City health department implemented a HV program, using
student nurses to instruct mothers about breastfeeding and hygiene. This program reduced the high mortality
rate of inner-city infants suffering from diarrhea when previous efforts of private agencies had failed [53].
In the late 20th century, as funding for public health nurses had declined relative to the need, HV programs
became focused on families with special problems such as premature or low-birth-weight infants, children

with developmental delay, teenage parents, and families at risk for child abuse or neglect [54].

In 1992, Olds reported that HV programs cost between $300 and $1750 per family per year depending on
the level and frequency of services provided [55]. Studies on the Nurse Family Partnership (NFP) program,
established by David Olds, indicated that women who are home visited by nurses have fewer subsequent
pregnancies and births as well as increased spacing between births [54], [56-59]. Olds [60] noted that
participation in the NFP is also associated with an increase in use of prenatal care, increases in birth weight,
decreases in the incidence of preterm birth, reductions in maternal smoking, improved nutrition during
pregnancy, and increased interest of fathers in the pregnancies. The Association of State and Territorial
Health Officials (ASTHO) reports that the total cost of home visiting were estimated to be approximately
$5000-$9000 per child [61, 62]. On average, HV programs for at-risk mothers (e.g., teen mothers, women
with low incomes, etc.) and their children return $2.24 for each dollar invested [61]. The NFP reports returns
of $2.88t0 $5.70 [58], [63] for each dollar invested when targeted to at-risk mothers. Johnson’s [64] review
analyzed HV programs in all states of the U.S. The study reports a list of State HV programs, key program
characteristics, general approach, promising practices and future directions of each specific program. The
programs identified typically are administered by a State Department of Health, Department of Human
Services, or a combination of these two agencies [64]. Other studies on HV may be found in [65-70] among
others. The methodologies and objectives presented in these studies include systematic reviews [65],

longitudinal studies [66], meta-analysis [67, 68], and empirical review [69] among others. HV literature is
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scattered all over and this dissertation identifies that none of these studies present a categorization for them,

hence the need for one which is addressed in the subsequent sections.

From the mathematical and OR point of view, care at the home may be called Home Health Care Problem
(HHCP), manpower-deployment decision problem, home care crew scheduling or routing problem among
others. The HHCP problem involves the scheduling and assignment of nurses to visit patients, optimization
of routes, time constraints and travelling distances, etc. The various OR models and solution techniques
that are available in the HHC, HC and HV literature include [71], [72] and [73] which address the balancing
of workloads of the operators; [18], [74], [75], [76], [77], [78]. [79], [80], [81], [82], [83], [84] and [85]
which considers the minimization of total travel time, distance and cost while respecting constraints related
to route construction, scheduled hours, operators’ time windows, and skills requirements; [19] which
considers minimization of the total cost associated with the overtime hours; and [20], [84], and [85] which
considers the maximization of the number of newly admitted patients based on resource availability
constraints, minimum standard of service, variability of demand, transition rates among classes, and budget
constraints. The aim of OR application to the HHCP are numerous. For instance, minimization of the
number of resources involved, balancing of workload, minimization of transportation cost, maximization
of satisfaction of patients, nurses and coverage, optimization of planning and operational efficiency among
others. This dissertation includes a survey of relevant studies in this field and their methodologies, with

aims and contributions further presented in Chapter 2.

This dissertation first conducts a literature review of studies in the field relating to only infant HV and
presents a categorization on the subject. Secondly, a literature review of studies dealing with the application
of OR to care at home in general is presented. The study then investigates whether mathematical
methodologies have been applied to specifically infant HV’s for optimality, effectiveness and cost
efficiency as in the case of adult care. Thirdly, the study presents a description of OR applications in regards
to discharged patients in the home environment (HHC and HC), and compares the applications with the
case of infant HV to identify significant disparities between them. Finally, a novel mathematical model for
infant HV is presented which focuses on prenatal and postpartum HV programs that are tailored to the care

and healthy growth of children.

Motivation of the Study
The dissertation was motivated by a study conducted on infants of NAS mothers, low income mothers, first

time mothers and mostly teenage mothers at a children’s hospital located in the southwest part of the U.S.
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The initial study was focused on reducing hospital length of stay for these infants after birth. The target
group is a concern since children of adolescent mothers, who lack parenting skills, are sometimes substance
abusers and also more likely to be affected with a variety of health and developmental problems [86-88].
These mothers are more likely to have rapid, successive pregnancies with infants of low birth weight, be
unemployed, dropout of school, and become dependent on government programs [89], [90], [91], [92]. Due
to the critical conditions of these infants, they are scheduled for hospital appointments, monitored and
visited at home by nurses after discharge. Prior studies show that the cost of infant home visitation is
growing and hence the need to develop methodologies and models of cost optimization while maintaining
the program’s fidelity, reducing risk, enhancing the quality of treatment and also increasing coverage and
benefits [16], [93], [94] and [95]. A potential solution is the development of OR models to enhance nurse
assignments, scheduling and routing to benefit from cost savings and effectiveness of care among others.
OR models aid health workers to efficiently and effectively match available resources to patient demand.
However, the comprehensive infant HV program includes various policies, requirements, fidelity elements,
resources and activities which lead to a complex problem. OR has the ability to develop a solution to this
complex problem as endeavored in this study. OR methodologies employ various problem solving
techniques such as mathematical models, queuing theory, simulation, and stochastic process models for
obtaining optimal or near-optimal solutions, as well as provide insights for complex decision making.
Further explained in the subsequent sections, there have been few research efforts to solve the home care
problem for adults, hence the need for contributions that endeavor to solve the unique problem regarding
infant HV.

This study considers cases where the HV programs are comprehensive and incorporate prenatal and post-
discharge home visitation. It is worth noting that the field of early intervention is vast and extends beyond
this study hence certain areas of intervention (for instance child abuse related HVs) are beyond the scope
of this dissertation. Future research may include some of these other areas. As part of the study’s purpose,
the dissertation discusses the state of the art research in the field, aims to stimulate interest and awareness
among researchers, health professionals and governments, as well as highlights the impact of these

programs on budget allocation within the health care system.

Contribution
The HHC, HC, HV problem comprises mainly 4 tasks: scheduling, routing, assignment of nurses to patients,
and planning for uncertainties. A major challenge in this field is the development of a complete model at
the planning and operational level that represents the dynamics of the system and its various complexities.

One critical problem with the assignment of nurses is the structuring of a novel mathematical model that
6



incorporates the comprehensive nurse qualification matrix; skills/training, nurse type, and nurse years of

experience in order to increase effectiveness of care. A second task is the consideration of long-term

planning and disruption management [96] on larger subsets of both patient and nurses. Prior studies

consider nurse skill just as one component (i.e. specialty), but nurse expertise comprises various elements

if quality of treatment is to be achieved. The HV problem is not a new problem but still calls for unexplored

modeling and solution approaches.

This dissertation contributes by

Providing a comprehensive literature review which contains a complete taxonomy and databank for
infant HV studies by classifying prior research into six categories according to the focus of the study;
cost benefit, randomized trial, impact/effect, evaluation/comparison, review and general HV studies
which is not available in prior literature. The trend of the problem of interest, research in the field and
perspectives, authors and their contributions are presented. The study presents an investigation on
whether OR methodologies have been applied to infant HV as done for adult HHC and HC; and,
enlightens professionals in the field about the possibility of applying these successful methodologies to
infant HV for effectiveness, optimality and cost efficiency. Most importantly, the study identifies the
significant differences between adult HHC/HC and infant HV, stimulates research interest and
identifies fertile avenues for future research.

Developing a novel HV model for the problem of assigning and sequencing schedules of follow-up
NCP to visit discharged patients in order to minimize total follow-up cost at the planning and
operational level, and to improve the quality of care as well as reduce risk. The model improves the
quality of care for infants and mothers by maximizing the assignment of the right nurse with the right
skill, nurse type and years of experience to the right family with specific health need. The models
developed are different from the classical literature, due to the possibility of the set of patient classes
that nurses can best care for based on their skills/training, years of experience and nurse category, which
is defined as a matrix for quality assignment. Moreover, the model introduced complements the studies
in literature by adding the unique features of the infant HV described earlier, and also considers long-
term planning where a plan that spans a year to two is presented with consideration of disruption
management. This represents a contribution to highlighted research question posed in [96]. In instances
of disruption management where a nurse quits her job, the solution is to provide a new, feasible plan in

a timely manner with as few alterations to the original plan as possible. In many cases, a disruption



only directly affects a smaller subset of the home carer’s [96], but in the problem considered, it may

affect a larger subset as the caseload of nurses are larger for the entire planning horizon.

Organization of Dissertation
Literature review on the problem of interest emphasizing the different HV programs in the healthcare
system, as well as OR application to home care, are presented in Chapter 2. Chapter 3 presents the modelling
approach of the infant HV program. In Chapter 4 the formulation of the mathematical model, illustration
of the problem and data used are presented. Chapter 5 presents the computation of the model with
computational experiments, the proposed solution methodology and a discussion on its performance.
Chapter 6 presents the analysis of results and model validation. The summary, conclusions and
recommendations are presented in section 7. Finally, references and a section devoted for appendixes are

presented at the conclusion of this document.



CHAPTER 1l
LITERATURE REVIEW
This chapter presents a review of literature related to the HV problem. The review is divided into two parts;
first, a review of infant HV programs, and second, OR application to home care. Articles reviewed in this
study comprise studies that involve scenarios where pregnant mothers are visited in their homes before and
after discharge from the hospital upon delivery. The HHC, HC and HV problem involves scheduling,
routing and assignment of nurses to a number of visits in patients’ homes, with the aim of maximizing the
overall quality of service. This problem is sometimes considered as a generalization of the vehicle routing
problem with time windows (VRPTW) with respect to a variety of constraints. In the first section of this
chapter, a review of literature related to prenatal, postpartum discharge HV and intervention programs are
presented. The specific kinds of visitations and follow-up models are explored. 511 relevant publications
are considered which include 355 Journal articles, 95 reports of health institutions, associations and
organizations, 43 books and book chapters, 11 conference proceedings, and 7 dissertations/theses. The
subsections are devoted to categorization of the different studies and research focus, and finally, a summary
of findings presented. The second section of the chapter presents a literature review of OR application to
HHC, HC and HV. 29 relevant references are considered in the survey of publications. 3 types of
publications were surveyed: journal articles (22), thesis/dissertations (4) and conference papers (18). For
each study, the modeling approach, optimization criteria, assumptions, solution procedures, planning period
and problem type are considered. Each section presents an overview of the problem and research
perspective. Finally, conclusions about both surveys conducted as well as suggested directions for future

research are presented.

Infant HV Studies
Problem Overview and Research Perspectives in this Field
In this section, a summary of the research on the problem of HV of mothers and infants after postpartum
discharge from the hospital is presented. Conclusions of these research reviews are provided and future
research directions proposed. To examine the status of HV knowledge and research conducted thus far in
the field, the diagram in Figure 1 is proposed which shows up to date studies on the home visitation
paradigm. Figure 1 shows HV and its concentration on infants and their parents, the various focus areas,
categories of studies in the field, the targeted population, the beneficiaries (infants, parents and the
community, government and tax payer), and decisions/policies that these studies have initiated, influence

and implemented. Inferring from Figure 1, research on HV has concentrated on evaluation/comparison,
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review, random trial, cost & funding, effect/impact and general HV studies. Detailed cost studies
investigated are cost benefits and analysis studies. The target populations have been mainly substance abuse
mothers, NAS infants, low-income mother, first-time mothers, poor mothers, preterm infants and infants
with failure to thrive. Benefits of HV have been to both families and communities which include child
health and development improvements, reduction in emergency visits, infants with special needs identified
earlier and problems addressed, reduction in child abuse, neglect and injury, reduced crime/domestic
violence, increased school readiness & achievement, improved family economic self-sufficiency, improved
parenting skills, better child health outcome, reduction in substance abuse, reduction in crime, reduction in
domestic violence and reduction in teen suicide attempts. Also HV has yielded numerous benefits to
governments which include reduction in healthcare expenditure, reduction in education costs, increase in
tax revenues, increase in family income, reduction in public assistance cost and reduction in the cost of
child abuse and neglect among others. HV studies have contributed to the implementation of various
government policies as well as decisions which include replication of successful models and investment in
research-proven intervention program strategies to foster private, local and federal government investment
in such research-proven programs. This has also led to implementation of various strategies to evaluate
whether benefits of funded programs exceed costs, cost reduction strategies, quality control and adherence

to original proven models.

Trends in HV interventions
Over the past 5 decades, HV has been an effective intervention scheme as supported by the extensive
literature reviews. In this section several recent studies to identify research trends in the field are discussed.
The red trend line in the plot of Figure 2 shows researchers’ effort of OR home care publications by year
from 1966 to 2014 which suggests that this field is still new and presents increasing interest to the OR
community. It is worth knowing that no relevant OR home care studies were reported between 1966 and
1992. Also the studies being added to the field increased gradually in a wavering fashion until 2012. Only
4 and 3 relevant studies were reported in 2013 and 2014 respectively; but as this is a rapidly developing
field with new literature being published continuously, additional literature may still be in preparation, in-
press or under review. The various OR models and solution techniques that are available in home care
literature include [71], [72] and [73] which address the balancing of workloads of the operators; [18], [74],
[75], [76], [77], [78], [79], [80], [81], [82], [83], [84] and [85] all of which consider minimization of total
travel time, distance and cost while respecting constraints related to route construction, scheduled hours,
operator time windows, and skills requirements. Additional considerations include minimization of the total

cost associated with overtime hours [19]; and [85], [84] and [20] which consider maximization of the
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number of newly admitted patients based on resource availability constraints, minimum standard of service,
variability of demand, transition rates among classes, and budget constraints.

From the non-mathematical perspective, HV studies have received significant attention in the areas of
theoretical foundations, development of best practices and HV models, evaluation of different programs
and their benefits among others. Other studies have estimated the cost of HV programs by using
hospital/payer/insurance data in order to prove both its effectiveness and high cost. The blue trend line in
Figure 2 shows the publications of infant HV literature by year from 1966 to 2014, and suggests that the
evaluation of these programs increases in importance at specific points in time.

Based on the comprehensive literature search and as shown in Figure 2, research on HV programs may
have started heavily around the 1960’s and progressed through the years as its needs increased. Prior
researchers, [97], [98] and [99], among others, have presented historical backgrounds of infant intervention
programs that emanated in the 1960s. As seen in Figure 2, it can be inferred that research in the field
increased gradually in a wavering manner from 1966 to 1990, took a sharp dive and picked up again around
the end of 1991. It then showed a wavering growth up to 2001 from where it became undulating.
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Figure 2 Accumulated Number of Relevant Publications from 1966 to 2014
By the years 2001 to 2014, most of the critical areas of HV studies had been covered with not much research
in the field left to be done (except for some evaluations, comparisons and assessment of ongoing programs),
leaving aspects of cost optimization studies partly untouched. Studies after 2001 were devoted to assessing
the returns on investments, the effect on government expenditures, benefit cost of HV programs and
different cost aspects with the realized HV’s increasing cost [16], [17], [31], [63] [100], [101], [102] and
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[103], etc. From the 1960s to the 1990s, most of the research studies seems to have focused on encouraging
research into HV programs’ development, its implementation as well as guidelines for implementation,
testing and evaluation, and the selling of the program to many States in the U.S. and many other countries.
Since 1993, HV programs have blossomed [104], watered by the flow of millions of public and private
dollars [104]. Research on the importance of the early years of children’s lives is on the increase [105], and
shows that HV can offer unique benefits as a service strategy [106] based on preliminary positive research
findings [70]. Over the last few years, there has been a renewed interest in the influence of early childhood,
especially the first 3 years of a child’s life, on health and development, educational attainment, and
economic well-being [103]. This is possibly due to the variety of research recommendations by researchers
in prior years. Public attention has been stimulated by television shows and stories in national news
magazines. Governors and legislators have also been initiating programs to direct budgetary surpluses to
services for young children [103]. In an immense effort to improve the outcomes of pregnancy and early
child bearing among the poor, the federal government funded a number of health service demonstration
programs for poor, young, pregnant women and their children in the 1960s and early 1970 [107-109]. In
the late 1980s more than $4 million was awarded by the Health Resources and Services Administration
(HRSA) to five States under an innovative program designed to help low-income persons avoid unnecessary
hospitalization by receiving healthcare in their home [110].

In the 1990’s, the U.S. advisory board on child abuse and neglect declared child maltreatment as a national
emergency and recommended that a universal program of HV be developed for all new parents to eradicate
this problem [111, 112]. This recommendation was based on evidence of past studies and also highlighted
more research studies in this area to fortify the recommendation. A vast number of corroborated studies
supported this recommendation. Among these were random trial studies by Hardy [113] and Olds et al.
[114] that supported the efficacy of HV as a method of preventing maltreatment. Barth et al. [115], Gary et
al. [116] and Siegal et al. [117] corroborated studies that hyped HV programs as a solution to prevention of
child abuse and neglect. Around this same period and earlier, Olds and his team experimented different
studies on HV and had shown evidence in their earlier reports that a comprehensive program of prenatal
and infancy nurse HV improved the outcomes of pregnancy [60], reduced the rates of child abuse and
neglect among high-risk families while the program was in operation, improved the life course development
of the children’s mothers [110], reduced the risk of intellectual delay associated with maternal smoking
during pregnancy [118] and reduced government expenditures for low-income families[119], [120]. The
most up to date study in the field is an ongoing research by Miller and Hendrie [121] with a focus on

comparing the costs per family in randomized trials versus scale-up of the NFP program.
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Categorization of Home Visitation and Intervention Studies
This dissertation presents HV literature by categories to serve as databank for all HV studies. By a thorough
analysis of the various studies presented in 511 literature samples (see appendix), it is realized that prior
HV studies have focused on specific subjects with specific aims at different times. The studies have
addressed specific problems and needs that were prevailing at the time of the study. For instance, [60],
[110], [122], [123] and [124] among others focused their study on random trial experiments in the late
1980’s when HV models were needed, and research was needed to validate and justify the need for infant
HVs. In another era, [104], [125-130] among others focused on evaluations of HVs to determine their
effectiveness at specific times when the need arose. Also at different times when research was needed to
ascertain the impact and long lasting effects of HV’s, [10], [131], [117], [132], [95], [133], [134], [135]
and others conducted studies in this area. Based on this discovery, this dissertation classifies prior research
into six categories according to the focus of the study and research concentration; review, cost benefit,
randomized trial experiments, impact/effect, evaluation/comparison, and general HV studies. Figure 3
shows the number of articles reviewed in each category by publication type. Table A.1 to Table A.6 in
appendix A shows the taxonomies of these studies. It can be inferred from Figure 3 that there are more
journal publications in all six categories than reports, books, conference proceedings, and dissertations. The
descriptions of the six categories are presented in the sections that follow. It is noteworthy that none of the
studies have focused on applying mathematical methods to cost reduction specifically in the infant HV
process which this study had sought to investigate. Cost reductions with the use of paraprofessional was
attempted in some studies but were not comparable to those that used nurses in terms of the benefits and
outcomes of the programs [27]. A second observation is that no study has focused on maximizing HV’s
coverage with mathematical techniques within a specific deployment process for infants. OR and
optimization techniques have however, been applied to adult HHC and HC, and can benefit infant care as
well if considered. Optimization approaches and techniques are capable of solving large-scale instances,
scheduling and routing problems effectively and may play a key role in the economic vitality of the
healthcare industry for infant intervention programs. It was also observed that studies on evaluation of
programs and their impacts or effects have spread through the years and will not end since this field is
developing and keeps evolving, therefore governments and funding agencies need to know their successes
in order to continue funding. The review and taxonomies identify which topics are being studied currently,
and which should be investigated in the future. Based on the perspectives provided by this dissertation, a
variety of fertile opportunities for research to contribute to postpartum infant HV and intervention programs

are recommended. The categorizations are briefly explained in the sections that follow.
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Figure 3 Categorization of Infant HV Literature

Review Studies
A number of research efforts have been devoted to conducting literature reviews on HV programs targeted
at infant interventions. Studies in this category compile and analyze HV literature by using various
methodologies; identify the weaknesses and strengths in studies, make recommendations, outline directions
for future research as well as identify best practices for programs. Some reviews have focused on
recommending evidenced based practical models and effective HV strategies by extracting pieces of
information from comparative studies of various HV models. Methodologies that have been used in review
studies include systematic reviews [65], longitudinal review study [66], meta-analysis [31], [68] and
empirical review [69]. In review studies, researchers analyze selected programs with specific characteristics
and then present suggestions and recommendations for best practices and future work. These studies select
specific programs in the reviews based on defined criteria such as random trial studies that are targeted at
a specific group of the population (eg. Hispanic mothers, African American mothers, first time mothers,
etc). Also in review studies, researchers have identified program features and characteristics such as:
description of the home visitors, program’s objectives, sample size, research design, outcome measures and
reported data [136] among others, and then compared and contrasted these features among several or
selected programs. Replicability, long term effect, use of nurses or paraprofessionals and selection of target
population has also been used to categorize and analyze HV programs in review studies. Some review
studies have also categorized different selected programs under the service recipient, entry/exit point,

frequency of visits, and duration of the program. HV experimental studies that focus on rigorous
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methodologies like randomized trials and clinical trials [65], [70] among others have also been presented
in this category. The majority of review studies have concluded positively on HV programs stating its
contribution towards increased birth weight, improved prenatal care, improved maternal-infant interaction,
and improved use of community resources [70], [136]. Based on the literature reviewed, it is noted that,
well designed and implemented randomized trials of HV yield positive and greater effects as well as
produce successful outcomes as noted by other studies. Review studies in the field will continue as it is
necessary to aid in recommending untouched research areas, identification of fertile research directions as
well as development of enhanced best practices. 31 journal articles, 6 reports and 1 book chapter are
discussed in this dissertation (see Table A.1 in appendix A).

Cost and Benefit Analysis Studies
Cost, economic analysis and benefit studies have been reported by various literature elsewhere [50] [119],
[137]. Extensive lists of these studies are reported in the appendix section (Table A.2). The cost of HV
programs comprise nurse or paraprofessional pay, transportation expenses, home care supplies [138],
administrative cost [113] , setup fees, training fees and other indirect expenses. Olds’ [119] study seems to
be the first to present HV program’s cost/expenses in the equivalence of 1980 U.S. dollars based on a
random trial study. Mainly, there are 3 categories of cost associated with the HV program; a. Direct cost
associated with hiring nurse to participate in the program (eg. nurse salaries and fringe benefits,), b. Cost
associated with nurse visiting patient/cost of services to which nurses linked families (eg. WIC nutritional
supplements), and c. Transportation cost [119]. These costs have been the foundation for most researchers’
study in which they have used economic calculations to convert the cost to different year dollars’ to suit the
year their studies is being conducted. Such studies include, Lee et al. [16], Gomby et al. [100], Glazner et
al. [101], Aos et al. [17], [102] and Karoly et al. [63], [103]. The most up-to date study on cost benefit
analysis is presented by Lee at al [16]. The 2012 report presents an extensive study on returns on investment
for evidenced based HV programs in 2011 dollars. Barnett and Escobar [93] reiterates that economic
analysis has been used to provide information about cost and to a lesser extent, the benefits of early
intervention services, which helps to inform policy makers regarding the level of funding required to
support a set of early intervention services. This also helps in deciding the types of desirable early
intervention program, how governments should allocate funds and administer with the available resources
in order to obtain the greatest benefits for children and their families [93]. Benefit-cost analysis involves
the application of economic theory and primarily microeconomics to the problem of estimating the
economic value of a program’s effects. Barnett and Escobar [93] outline the steps of benefit-cost analysis

for intervention program as follows; identify and estimate the resources used and the effects produced by
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the program; translate resources and effects estimates into monetary measures of cost and benefits;
aggregate those monetary estimates of costs and benefit to depict the net economic value of the program to
society as a whole; describe the distributional consequences and finally, consider how the underlying
assumptions and any other limitations of the analysis might affect the findings [93]. Researchers in the U.S.
have determined cost savings by estimating government service costs and comparing to the various study
groups with respect to the costs of Aid to Families with Dependent Children (AFDC), food stamps,
Medicaid, child protective services, and foster care, as well as increases in government revenues generated
by income taxes from women’s participation in the work force [70]. Few studies have made significant
efforts to contribute to reducing the cost of HV programs. For instance, in an attempt to solve the problem
of cost reduction, different suggestions about using paraprofessional were proposed by Olds [139]. But
Olds noted in his report: “could anyone be certain that paraprofessionals would bring the same skills and
generate the same level of trust as registered nurses [139]?”. In 1993, Olds put the paraprofessionals versus
nurses’ question to a rigorous scientific test in a Denver, Colorado experiment. The results, published in
the journal of Pediatrics in 2002, confirmed Olds’ suspicions [139], and this was later confirmed by other
cost benefit analysis studies. Olds concluded that, the performance of the paraprofessional-visited group at
the Denver study suggests that such a program may not be a wise expenditure of limited resources. While
it is less expensive to deliver than the nurse-visitation program, it does not show promise for future recovery
of program costs, as does the nurse-visitation program [101]. Based on the comprehensive literature review
of the studies in this category and to the best of knowledge, no holistic approach using mathematical
methods to minimize cost specifically on infant HV programs has been presented even though attempts
have been made on HHC and HC in a different context. Future studies could be devoted to testing adults
HHC/HC OR models (nurse scheduling, routing, operational planning and deployment) on infant HV
programs, but may need to be modified to suite the unique needs, as well as developing OR models
specifically for HV programs with their unique features as attempted in this study. This dissertation uses
OR to model infant HV. OR employs mathematical equations and computer logics, etc., to forecast the
consequences of particular decision choices without actually implementing them and presents the best or
optimal choices [140-143]. OR applications in healthcare can lead to optimal resource allocation, improved
revenue realization and reduction in operational expenses [144]. 9 journal articles, 1 conference paper, 16

reports, and 3 book chapters are reported under this category (see Table A.2 in Appendix A).

Randomized Controlled Trial Studies
In randomized controlled trial (RCT) studies, participants are assigned to treatment conditions at random.

However, procedures are controlled to ensure that all participants in all study groups receive equal treatment
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except for the factor that is unique to their group; the specific type of intervention they receive [145]. RCT’s
test whether an intervention works by comparing it to a controlled condition, usually either no intervention
or an alternative intervention. RCT studies on HV also identify factors that influence the effects of the
intervention and also tries to understand the processes through which an intervention influences change
[146]. The “CONSORT?” statement highlights that RCT’s are conducted in 3 main ways; evidence creation;
which is designing and conducting RCTs that generate data; evidence synthesizing; which is appraising and
integrating RCT evidence to create a comprehensive understanding of the state of knowledge; and lastly
evidence consuming; which is appraising articles produced by evidence creators and synthesizers in order
to apply the knowledge in practice or teaching [147, 148]. RCT’s are conducted to test whether an
intervention or treatment works. It has been used in several studies to test whether HV interventions are
effective. In the past 5 decades, researchers have conducted investigative and feasibility studies to test
whether HV intervention services should be made universally available to all families in the United States,
Great Britain, Canada and most of the developed countries. Among these studies RCT’s investigates HV
as an effective intervention for infants as well as the efficacy of HVs directed at teenage mothers, low
income mothers, single and first time mothers. Through these studies, HV has been postulated to be a potent
means of preventing maltreatment and abuse while enhancing growth and good health among others [21-
24]. David Olds, popularly known as the father of HV programs, has probably conducted the most random
trial studies on HV. In 1977, he began developing a nurse HV model to help young women and mothers
take better care of themselves and their babies. He then developed the “Olds Model”, first tested in Elmira,
N.Y, 1977, which he keeps refining and has blossomed into the Nurse-Family Partnership (NFP), a
nonprofit organization serving more than 20,000 mothers in 20 states across the United States [139]. The
first RCT of comprehensive prenatal services provided the first evidence to show that the social and health
contexts for child bearing among socially disadvantaged families can be improved, and finally concluded
that nurse home-visitors are capable of improving women’s use of community services, informal social
support, and health habits [110]. Similarly Olds et al. [149] in 1986 tested a program of prenatal and infancy
HV by nurses as a method of preventing a wide range of health and developmental problems in children
born to “primiparas” who were either teenagers, unmarried, or of low socioeconomic status [149]. Again
in 1988, Olds and his team tested a comprehensive and intensive program of prenatal and postnatal nurse
HV aimed at improving the outcomes of pregnancy, early childrearing, and life-course development of
women who were either teenaged, unmarried, or poor, and bearing their first child [110]. In conclusion,
RCTs on the subject under consideration have been successful to this point. Through these experiments,
HV programs have been refined and improved to serve many communities and the targeted population in a

better way as well as yielded great benefits in different folds. This study recommends that more RCTs
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should be conducted on HV programs that have not attained evidenced based status as well as new HV
programs that are in the pipeline. This dissertation reports 52 journal articles, 1 conference paper, 2 reports
and 1 book chapter of RCT studies (see Table A.3 in appendix A).

Impact/Effect Studies
This category considers studies that have been conducted to test and experiment the impact and effect of
HV interventions on participants, the community, and governments as a whole. Impact/Effect studies have
also looked at how successful and beneficial HV programs have been in enhancing the quality and safety
of infant lives. Such studies test the effect or impact of early interventions on several components which
comprise: intellectual and academic achievements [25], children's cognitive and affective development
[26], cognitive and linguistic intervention, effect on child maltreatment, social development in children
[27], school outcomes [28], mother child relationship, African American, Hispanic families, minorities,
single-parent families, low-birth-weight premature infants [29], families of low socio-economic status [30],
depressed mothers, and families dependent on public assistance [31]. Also some studies have focused on
the impact on parental attitudes and behaviors, improving the interactions between mother and child, and
the quality of child-care [31-34] improving prenatal and perinatal health, nutrition, safety and parenting,
reducing the incidence of child abuse and neglect, improved child development, parent social-emotional
support, parent education [35], decreased infant morbidity, decreased maternal school dropout [36], reduced
drug substance use, emergency department visits and hospitalizations caused by injury and unintended
subsequent pregnancies, increasing mothers' participation in the work force [32], and finally the impact of
the programs on government cost savings. Impact and effect studies primarily targets specific groups of the
population; disadvantaged and disabled children [9], at risk children’s families and communities [10],
adolescent mothers[11], low-income families, low-income single teen mothers, low birth-weight infants,
premature infants [12], women at high risk for a variety of maternal and child health problems [13, 14] and
impoverished children [15] among others. The impact and effect of HV programs can be short term or long
term. Both are to the advantage of the infant, families, the communities and governments. Two studies
concluded that certain subsets of participants may experience long-term positive outcomes on specific
variables [59], [103]. Short term impacts/effects can be seen in HV’s effect on child abuse and neglect and
healthy growth, etc. Long term impacts/effects can be seen in HVs effect on education (earnings via high
school graduation, earnings via test scores, K-12 grade repetition and special education), property loss from
illicit drug disorder, healthcare (healthcare costs for disruptive behavior symptom, alcohol disorder, illicit
drug disorder, depressive disorder) and public assistance [16]. 59 journal articles, 1 conference paper, 25

reports, 1 book chapter, and 2 dissertations are discussed in this dissertation. A taxonomy list of this
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category is presented in Table A.4 in appendix A. Research on impact/effect studies needs to continue as
the increasing need of the vulnerable population keeps growing. Most importantly, the impact/effects
change over time and needs to be studied for continuous improvements. As time goes on, HV’s positive
impacts and effects may or may not continue, but ongoing research to assess these impacts and effects will

help to realize them and to make necessary changes and improvements accordingly.

Evaluation/Comparison Studies
Literature on Evaluations and Comparison (EC) of HV programs have accumulated over the years and its
market matured over the past few decades. EC studies analyze and compare intervention programs to
ascertain their effectiveness, benefits, viability, program’s efficacy and the positive or negative effects.
Most importantly, EC studies examine careful designs of HV programs, evaluate empirical findings from
previous research on HV programs, and high standards for field experimentation [52] and replication.
Examples of programs that have exhibited positive results based on evaluations can be found in [13], [14],
[60], [110] and [114]. Prior EC studies have also investigated whether the effects of programs are sustained
[150] over time and at different locations. Some studies in this category have also evaluated the different
applications and methodologies used for home interventions. For instance, a few studies have evaluated the
use of nurses versus paraprofessionals to aid in cost reduction and concluded that studies that resulted in
greater and positive effects were those that employed nurses [13], [14], [60], [110] and [114]. EC research
has also aimed at investigative studies to determine well-designed and well implemented HV programs,
and those that can be disseminated and replicated in different regions. Investigative studies classifies good
HV programs as “evidenced based” (those based on rigorous experiments conducted, random trial
experiment, and that have been successfully replicated, and yielded positive effects and benefits, etc.). For
instance, evaluations study by Olds et al. [60], [110], [114], [122] suggested that for HV programs to be
successful, they should have 3 requirements which were typical of the Elmira, Seattle, and Washington DC
programs. The requirements identified by Olds include: a. Influences on maternal and child health should
be viewed in terms of systems of material, social, behavioral, and psychological factors rather than single
influences. b. HV should be designed to address the ecology of the family during pregnancy and the early
childbearing years with nurse home visitors who establishes a therapeutic alliance with the families and
who visit frequently and long enough to address the systems of factors that influence maternal and child
outcomes. ¢. HV should be targeted on families at greater risk for maternal and child health problems by
virtue of their poverty and lack of personal and social resources [32]. A 1998 study by the Council on Child
and Adolescent Health (CCAH) emphasized the need for evaluation and safety studies that will examine

careful designs of programs, give attention to empirical findings from previous research on HV programs,
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and high standards for field experimentation [52]. Researchers have reiterated that public funding measures
for HV programs should require both continuous evaluations and examination of outcome measures, and
the ability to make midcourse corrections [58] [151]. Amidst the vast evaluation studies, evaluation studies
must continue and focus on process improvements and control measures for HV programs to be effective
in the changing world. 31 journal articles, 1 conference paper, 9 reports, 1 book chapter and 2 dissertations

are discussed in this study (see Table A.6 in appendix A).

General Studies on Home Visitation
HV literatures which have general focus in the field are categorized under this section. These include
general studies and findings on HV programs [152-154] and research that present theoretical foundations
on the subject [155], HV models [156, 157] subjective studies, analytical studies on the issues of HV [158],
studies focusing on HV implementation process, improvements and its effectiveness [159], the role of
intervention programs, HV programs’ enrollment strategies and characteristics [160, 161]. Included in this
category, Wasik [158] among others have presented historical backgrounds of HV, staffing issues as well
as implications for policymakers and funders [158]. The study reports tracing HV in the United States to
Europe, especially Elizabethan England where visitors provided care to the poor in their own homes, and
also nurses and non-nurses were encouraged to participate by Florence Nightingale [162, 163]. Research in
this category also reiterate studies on experimentation of the variety of HV and intervention variables
including timing of the intervention (prenatal vs. postnatal); intensity (weekly or more vs. monthly or less);
duration (a year or more vs. less than a year); carefulness of the selection, training and supervision,
continuing education of the home visitors; content of the intervention (specific educational content and/or
emotional support); the overall framework of the intervention (child centered, family centered, ecologic);
the research design and sample size [152]. Aspects like cultural considerations have also been covered.
Overall, studies in this category have mainly concluded that intervention programs do have positive effects,
and identified the potential for immediate and long-lasting benefits to the targeted populations. Studies in
this category may be sub-divided into five groups; a) HV general reports; which are studies that present
general information about HV, the advantages and disadvantages, challenges and issues with HV, results
of HV surveys and implemented programs among others. b) HV best practices and strategies reports; which
reports successful HV techniques based on comprehensive analysis of implemented programs. ¢) HV
reports for policy makers; which focus on documenting and compiling evidences, benefits and positive
effects of HVs for policy implementation. d) HV investigative reports; which accesses the possible benefits,
successes and failures of HV programs as well as compare and contrast different HV programs and

methodologies for possible outcomes. e) HV future prospects reports; which are devoted to analyzing,
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forecasting and presenting how HV will impact and change the future of infants as well as present future
directions. This dissertation reports 173 journal articles (which comprise 103 HV general reports, 42 HV
best practices and strategies reports, 18 HV investigative studies, 6 HV reports for policy makers and 6 HV
future prospects reports), 7 conference papers, 37 reports, 36 books/book chapters and 3 dissertations.

Taxonomy of literature in this category is presented in Table A.6 in appendix 1A.

Summary: Discussion and Recommendations

Most studies report random trial studies, HV theory, evaluations of HV programs, its impacts/effects and
the importance of HV interventions or cost/benefit of programs. It is clear that theoretical developments of
mathematical models to minimize cost, increase coverage, optimize planning and operational efficiency for
infant HVs are needed. The impact of cost spending on infant HVs affects government policies and budgets
towards spending, and hence studies focusing on this may help to address related concerns. It is noteworthy
that prior HV research has focused on experimentation and evaluation of programs. A second observation
is that, no study optimizes infant HV deployment and implementation in terms of cost reduction. High cost
of HV for infants cannot always be remedied by visiting only a selected critical few of the population, or
cutting programs, as is being done with most programs. As mentioned in earlier sections, a critical feature
of infant HV is that, they are funded by governments and public funds, and their effects are of importance
to both the community and government, hence the need for cost optimization studies. On a Final note, the
big question still stands unanswered; “OR approaches have been applied to adult care, but can these same
models work for infant programs?” Identification of the unique features and deployment mechanism of
infant HV programs in this study proves that adult care models may not work for infant models; the models
may however be modified significantly to suit infant programs or better still, new OR models has to be
developed for infant HVs.

Federal government initiatives such as “Head Start” serve almost one-half million preschool children (but
only about one fifth of such children are eligible) [164]. Increasing fiscal restraint in the past 10 years led
some health departments to abandon HV as it was considered to be too expensive [94]. Some States in the
U.S. fund early intervention programs on the basis of program capacity or numbers of children enrolled,
hence programs have no financial incentive to operate efficiently by providing maximum amount of
services to the child and family given the resources available [93].The attention given to disadvantaged
children has spawned a sprawling array of programs, all designed to enhance the lives of children and
families and all vying for the same shrinking pool of public dollars [95]. The United States under-invests
in early intervention programs because it fails to accommodate all children in poverty for even one year

prior to kindergarten [93]. Virtually no study has dealt with cost minimization techniques and strategies for
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infant visits using optimization approaches, and not long ago a few studies dealt with benefit cost analysis
related to government spending on these programs. It is worth knowing that no mathematical models to
maximize HV’s quality of treatment and coverage have been published. One characteristic of HV program
is that, the intervention strategies and models are similar but it targets an ever increasing population.
Optimization models are needed to quantify and minimize implementation cost. It is expected that ongoing
studies will develop optimization methodologies and techniques to address this, and also test optimization
models for adult visits on infant HVs to ascertain its efficacy and to what extent they need to be modified
to work with infant HVs.

OR application to HHC, HC and HV
Problem overview
OR application to HHC, HC and HV is popularly known as the home care or home healthcare scheduling
problem (HCSP) which involves the scheduling and assignment of nurses to a number of visits in patients’
homes, with the aim of minimizing cost, travel time, distances, and maximizing the overall service, etc.
This problem is a generalization of the vehicle routing problem with time windows and with respect to a
variety of constraints. A number of research efforts have been made towards solving this problem by several
authors. Six of the most relevant ones are briefly summarized below. The remaining literature presents

similar approaches and methodologies to the HCSP and are summarized in the section that follows.

Lanzarone et al. [165] addressed the resource assignment problem for HC systems by proposing a set of
mathematical programming models to balance the workloads of the operators within specific categories.
The model considered continuity and non-continuity of care constraint, operators’ skills, and the
geographical areas which patients and operators belong to. Based on the high variability of patient demands,
the model developed assumes that patient demands are either deterministic or stochastic. Lanzarone defines
continuity of care as a means that a patient is assigned to only one operator of each category, named the
principal operator, who follows the entire patient’s care pathway during his/her sojourn at the HC structure
and preferably provides all of the visits pertinent to his/her category. The study analyzes the effects of
patient demand variability on the assignment by comparing the solutions obtained in a deterministic or a
stochastic demand context. Operators are divided into districts, based on their main skills and working
territories. The HC service providers are divided into a certain number of districts and each operator belongs
to a district according to his/her skills and the territory which he/she works in. The compatibility between
the newly admitted patient and the operators belonging to district is defined based on territorial

compatibility and operator skills versus patient care needs. Districts are defined before solving the
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assignment problem, and the assignment-type decisions do not consider other operational decisions such as
scheduling or routing of visits. Since the scheduling and routing of visits are not included, the interaction
among the different categories of operators is not explicitly considered in the proposed model. Hence, the
assignments are defined separately for each category of operators, and the model examines only one
category at a time. This approach reflects the real condition of HC service providers having districts of
limited territorial extensions, which are not modified during the assignments, and where the different
categories of operators are managed and assigned independently. The assignment problem is solved either
at a fixed frequency (e.g., day or week) or when a certain amount of newly admitted patients are reached.
Assignments are made on a rolling time basis: each time the problem is solved, a new planning horizon is
considered and the assignment problem is solved over this planning horizon. Models were run using OPL
5.1 (ILOG IBM, Sunnyvale, CA, USA). The percent gap between the integer solution, and the best node
was imposed to be lower than 0.5%. The proposed model has been implemented in a software application
currently in use by the analyzed HC service provider to assign patients to nurses.

Begur et al. [18] developed a spatial decision support system (SDSS) to address the HC problem. It
integrates stand-alone PC-based geographic-information-system (GIS) software with scheduling heuristics
and databases to form a user-friendly tool that saves the association travel time and schedule-preparation
time (over $20,000 a year) and improves the balance of work among nurses. The study developed a module
for the daily scheduling of operators’ activities, which simultaneously assigns visits to operators and
generates the sequence in which visits have to be provided. The planning period is five days, and no
operative re-planning is required. The constraints consist of three types of restrictions: route construction,
nurse time availability, and patient visitation requirements. The study considers a multi period vehicle
routing problem (MVRP) as an integer linear programming problem with the characteristics of the
Generalized Assignment problem. It addresses the assignment of customers, locations, or pickups, to
different periods of the planning horizon; and the assignment of customers to vehicles (along with the
visitation scheme) for each periods of the planning horizon. A Lagrangian relaxation based subgradient
algorithm is developed for the Generalized Assignment problem, and adapts a heuristic approach that
combines a set of procedures (e.g., k-optimal procedure, sweep algorithm, insertion procedures) to build
daily operators’ routes. The objective is to minimize the total travel time while respecting constraints related
to route construction, operators’ time windows, and skills requirements. The overall schedule planning
process involves a hierarchy of several assignment decisions. First, a long range master schedule is
developed that assigns patient visits to specific weekly time buckets during the planning horizon of sixteen
weeks. Next, the visitations planned for a given week have to be allocated to a specific day of the week.
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Then the patient visits scheduled for each day have to be assigned to the nurses and the order or route
determined. The routing problem is solved based on Clark and Wright’s (1964) heuristic [166]. Optimal
primal solutions within 1% of the actual optimal values are obtained for the problem with up to 200
locations with 20 CPU seconds on the IBM 3090.

Cheng and Rich [16] addressed the daily scheduling problem as a multi-depot vehicle routing problem by
formulating a mixed integer linear programming problem (MIP) with time windows and compatibility
information. The objective was to minimize the total cost associated with the overtime hours assigned to
full-time nurses and the hours given to part-time nurses. The problem in this study was to find an optimal
schedule such that each nurse that is scheduled to work leaves from his or her home, visits a set of “feasible"
patients within their time windows, takes a lunch break within the nurse's lunch time window, and returns
home, all within the nurse's time window and within the known limit on the length of a shift. The set of
nurses is made up of the disjoint union of full-time nurses and part-time nurses, and every nurse is required
to visits at least one patient; and every patient must be visited exactly once. The problem is formulated as
a MIP model and solved by two-phase heuristics; one using double-indexed variables and the other using
triple-indexed variables. The first phase of the heuristic falls into the category of a parallel tour-building
procedure since it typically builds several routes simultaneously and are generated using a randomized
greedy algorithm. The second phase attempts to make improvements on the tours identified in phase one.
Numerical results for up to four nurses and 10 patients are presented.

Bertels and Fahle [18] proposed a combination of linear programming, constraint programming, and
heuristics to assign operators to visits and to optimally sort the visits assigned to each operator. The study
describes the optimization models and methods used to solve a home health-care application in Germany
by combining aspects of vehicle routing and staff rostering. The goal was to minimize the total
transportation cost and maximize the satisfaction of both patients and operators, while considering a variety
of soft constraints (e.g., patient-operator affinities and preferences for certain visits), however the study
does not incorporate connected visits. The optimization is based on a combination of linear programming,
constraint programming, and metaheuristics. The planning period is one day, and the solution time is limited
to 10-15 minutes. The study develops the PARPAP software. They consider hard constraints like
qualification requirements or work time limitations, and Soft constraints like patients preference for certain
time intervals for being served, the right “chemistry” between patients and staff has to be ensured, as

patients do not like frequent changes of nursing staff. The study applies tabu search (TS), simulated
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annealing (SA), or constraint programming (CP), respectively, to assign staff to jobs. For optimizing an

individual work-plan, the study uses a hybrid linear and CP module.

Eveborn et al. [74] [167] developed a decision support system where the scheduling problem is formulated
as a set partitioning model and solved by a repeated matching algorithm. The objective was to develop
visiting schedules for care providers that incorporate some restrictions. The soft objective is to minimize
cost related to travel time, scheduled hours, preferences, etc., while respecting criteria such as time windows
for visits, operators’ skill requirements, and accomplishment of each visit by one operator. A number of
restrictions are imposed on the staff routes where each visit has a time window and requires a set of skills
which must be met by the staff member. Each staff member is given working areas, planned breaks and
certain visits are grouped in such a way that the same staff member must do all visits, while certain visits
also require multiple staff members. Allocation of sufficient travel time between visits and each client has
one or more preferred staff members to make the visit. The decision support system LAP CARE aids the
planners with scheduling, and the savings are considerable in terms of saved planning time and in the quality
of the routes, as well as the measured quality for the clients. Each client has a list of contact persons, who
are preferred staff members for the clients’ visits. Using LAP CARE the staff can view what is expected
and when visits are supposed to be done, making follow ups much easier. Finally, the study reports time

savings of about 7% of the total working time and savings in travel time is about 20%.

Rasmussen et al. [84] solves the home care crew scheduling problem as a set partitioning problem with side
constraints and develops an exact branch-and-price solution algorithm. Temporal dependencies are
modeled as generalized precedence constraints and enforced through the branching. The study contributes
by devising visit clustering schemes for the problem, and also enforcing generalized precedence constraints
in the branching for real-life problems. The study considers visit preferences, visit priorities, visit
cancellations, enforcement of temporal dependencies to cancelled visits, different working hours, different
competences, and different means of transportation for the home carers. The main priority is to leave as
few visits uncovered as possible. The visit clustering decreases run times significantly, and only gives a
loss of quality for few instances. The study introduces a novel visit clustering approach based on the soft
preference constraints. However, this study is restricted to only looking at the daily scheduling problem not

the long-term plan.
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Research Perspectives in this Field
In this section, perspectives of research on the problem of HHC, HC and HV scheduling, routing, human
resource assignment and man power allocation problems are presented. Conclusions of these perspectives
are provided and fertile research directions for this problem which are proposed to be addressed in this
dissertation are presented. Table 1, Table 2 and Table 3 summarizes previous work done in the field. The
most up to date summary of the state of art study in HC, HHC and HV scheduling, routing, human resource
assignment and Man power allocation problem research are presented by Riazi et al. [168], Yalcindag et al.
[169] and Mankowska et al. [170]. Despite the significant number of OR approaches, no case of modelling
for multiple and long term planning horizon has been reported in the tables for this specific HV problem as
considered in the proposed study for 1 to 3 years fixed period with weekly, bi-weekly and monthly visits
based on model fidelity requirements. Other uniqueness of HV programs which have not been studied, but
are tackled in this dissertation are: the program targeting 64 visits and in the ideal situation, visits occuring
every other week through the child’s 215 month (90 weeks) plus monthly visits in months 22-24 (90-103
weeks), except that visits are scheduled weekly for 4 weeks after program’s enrollment and 6 weeks after
birth. The home visits ideally begin by week 13 of pregnancy and must begin by week 28 [171]. The
program has a total of 144 weeks of planning horizon. These have not been considered in prior studies, and
modeling the approach imply the formulation of complex linear constraints using binary variables.
Secondly, this dissertation considers the program’s enrollment as a decision variable for every patient,
maximizes the ideal enrolled patient and minimize the last due date enrollment of patients. Thirdly, other
models in literature are oriented as vehicle routing problem based models. On the other hand, the study in
this dissertation is not, but a visit planning model at the operational level, where coverage is a crucial
objective, and funding is a constraint. To the best of our knowledge, no study has proposed a model capable
of representing such a situation. Fourthly, and most importantly, this study addresses minimization of risk;
thus, the maximization of the comprehensive nurse expertise; thus assignment of the right nurse with the
right skill/training (in dealing with patients’ needs: crime (C), health and drugs (HD), mental development
and education (ME), and public assistance (PA)); nurse/NCP type (Registered nurse (RN), Certified nursing
assistant (CNA), Licensed Practical nurse (LPN) or Nurse practitioner (NP));, and nurses’ years of
experience, matched to the right family with the specific need (C, HD, ME, PA). This has not been
considered in prior studies. Also, it is worth knowing that prior studies have focused on HHC and HC which
are mainly care for adult patients and not HV interventions which rather targets infants as an early

intervention strategy.
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It is noteworthy that HV is unique and different from HHC and HC. This study highlights the differences
in these visitation programs in the sections that follows. HHC and HC aims at providing medical,
paramedical, and social services to patients at their own domicile homes, to decrease patients’
hospitalization rates, improve their quality of life, and reduce costs across the entire health care system [71],
[172, 173]. On the contrary, HV aims at providing visitation and care for infants and their mothers during
pregnancy and immediately after delivery discharge, to ensure healthy growth, guidance, early
developmental delay detection, etc and prevent rehospitalization, death, neglect and abuse among others.
An important characteristic of infant HV is that, they are funded by governments and public funds, and
their effects concern both the community and the government. The nearest literature to this work are the
studies by Lanzarone et al. [71] and Begur et al. [18]. On the contrary, this dissertation consider a fixed
visit duration of 1 to 3 years, with different planning horizons for each patient, and considers additional
variables. The study then defines and uses a number of unique and distinct features of infant HV which
makes this study unique. To broaden the view of the literature surveyed in the field of OR applications to
home care,

Table 1, Table 2, and Table 3 are presented. Table 1, Table 2 and Table 3, presents a taxonomy of surveyed
HHC/HC/HV literature: by problem type, solution strategy, type of model, planning period, optimization
criteria, approach and country in which the research was conducted. These are categorized according to
published journal articles, books, conference papers and dissertations/thesis. Inferring from Table 1, Table
2 and Table 3; modeling methodologies applied in existing research include mathematical
programming/MILP, stochastic linear programming, constraint programming/hybrid constraint
programming, and heuristics related approaches. 80% of the research contributions in the field applied
MILP modeling approaches. Four forms of problem types are identified; human resource assignment
(HRA) or manpower allocation (MPA), Scheduling (S), Routing (R), and districting (D) related problems.
About 70% of the research efforts are scheduling and routing related problems. The optimization criteria
for almost all the research efforts included the minimization of cost, travel times and distances. Five types
of approaches can be distinguished from Table 1, Table 2 and Table 3; Multi-activity combined timetabling
and crew scheduling problem (MCTCSP), Man-power allocation problem with time windows and job-
teaming constraints (MAPTWTC), Elementary shortest path problem with time windows (ESPPTW),
Traveling salesman problem with time window (TSPTW) and Vehicle routing problem (VRP)/periodic
vehicle routing problem (PVRPTW)/multi vehicle routing problem with time window (MVRPWT). Only
about 20% consider the development of a decision support tool. All the literature surveyed considers either

HHC or HC except one, Begur et al. [18] who considers both HC and some components of HV.
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Summary:

The HHC, HC and HV problem has been addressed from different perspectives and with application of
different techniques, optimization criteria and solution strategies. Begur et al. [18] is probably the first to
present OR application to care at home, and since then the problem in this field has been gaining attention
in the OR field. Despite the broad applications of OR in the healthcare industry, it seems that the first visible
attempt to solve this specific problem was published about 22 years ago and remained stable for almost 5
years when Chen and Rich[19], and Deangelis [20] picked up and continued. Since the year 2000, OR
experts have made tremendous efforts on the problem to date. The problem has been addressed in a broad
range of random instances and also real life scenarios of different sizes, objectives and in various countries
among which are Italy, Canada, Denmark, Sweden, Germany, Columbia, Belgium, Austria, France, USA,
Spain, Switzerland, Singapore, United Kingdom, South Africa, Tunisia and China. Figure 4 depicts the
contributions from the different countries.

OR methodologies have been applied to real life healthcare systems as well as with random instances.
Feasible solutions, optimal or near optimal solutions have been obtained using mathematical approaches
and heuristics, and in some instances, decision support tools developed. For real life cases considered in
the U.S., the instances solved in the available literature appear to be small. It is observed that no modeling
approaches for overall HV operational and planning levels are reported in the surveyed papers. Future
research may be devoted to exploring these areas. The HV paradigm and problem is still an emerging new
problem which calls for unexplored modeling and solution approaches. Future efforts may include the
unique and real life features of HV such as enrollment as decision variable, the comprehensive nurse skill
matrix (training, type of nurse and years of experience), multiple horizon and long term planning among
others. In this dissertation, the developed model is different from the classical literature, due to the
possibility of the set of patient classes that nurses can handle based on their skills/training, years of
experience and nurse type, which is defined as a matrix for quality assignment. Moreover, the model
introduced complicates the studies in literature by adding the unique features of the infant HV process
described earlier as new constraints with consideration of long-term planning where a plan that spans a year
to three year term is presented. The study also considers disruption management which occurs in instances
where a nurse quits her job; in this situation, the solution is to provide a new, feasible plan in a timely
manner with as few alterations to the original plan as possible. In many cases, a disruption only directly
affects a smaller subset of the home carer’s [96] and patients but in the problem considered, it may affect a
larger subset as the caseload of nurses are larger for the entire planning horizon. Additionally, this
dissertation considers that, patients on the other hand may drop out of the program; hence a solution is

needed to adjust the nurse workload.
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Table 1 A Taxonomy of HHC/HC Literature: By Problem Type, Modeling Feature, Solution Method, Type of Assignment, Tool and
Planning Horizon: Journal Articles

Year Reference Problem Solution Strategy Type of Planning Optimization Criteria Approach  Country
Type Model period

2014  Mankowska et al. S&R construction heuristics, Adaptive MILP Daily Minimize cost, travel time  MTSPTW  Germany

[170] Variable Neighborhood Search and tardiness

(AVNS)
2013  Allaouaetal. [174] S&R Meta heuristics ILP NS Minimize travel timeand ~ MTSPTW France
cost
2013 Cappanera and S&R heuristics ILP Weekly Minimize travel time and VRP Italy
Scutella [175] maximize the minimum
operator utilization factor

2012 Lanzarone et al. HRA Integer solution SP & MP 1 day or Minimize utilization rate, NA/NS Italy

[71] week travel time and cost
2012  Barreraetal. [73] S&R Heuristic procedure, MP, MILP 5 days Maximize Coverage, MCTCSP  Bogota,

& LO Minimize workers Columbi
scheduling a

2012 Rasmussen et al. S&R Dynamic column generation, MP Daily Maximize service level VRPTWT  Denmark

[84] exact branch-and-price solution and minimize cost D

algorithm
2012  Nickel et al. [176] S&R Meta heuristics, adaptive large CP/MILP Weekly Minimize cost and travel VRP Germany
neighborhood search (ALNS) time/distance and
Maximize worker skill
2011 Trautsamwieser S&R Meta-heuristic solution approach MP Daily Minimize travel time NA/NS Austria
and Hirsch [79] based on Variable Neighborhood
Search

2011 Bachouch et al. S&R NS ILP Weekly Minimize travel distance NS France

[177]
2009  Hertz and Lahrichi HRA Tabu search heuristic. MILP Daily Minimize visit load, NA/NS Canada

[72] caseload

and travel load

2009  Chahed et al. [85] S&R Traveling salesman, exact MP NS Minimize cost and travel NA/NS France

solution method, branch and
bound (B&B) algorithm

time, maximize profits,
coverage
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Table 1 Continued

Year Reference Problem Solution Strategy Type of Planning Optimization Criteria Approach  Country
Type Model period
2009 Dohn et al. [178] MPA Branch-and-Price algorithm MILP Daily Minimize cost MAPTWT  Denmark
C/
ESPPTW
2007  Akjiratikarl et al. S&R Particle swarm optimization MP Daily Minimize travel distance VRPTW  United
[77] meta-heuristics. Kingdom
2006  Evebornetal. [74] S&R Repeated matching algorithm MP NS Minimize cost NA/NS Sweden
(combination of optimization
methods and heuristics.).
2006 Bertels and Fahle S&R Tabu search (TS), simulated LP & CP 1 day Minimize travel cost and TSP Germany
[75] annealing (SA), and heuristics maximize satisfaction
2005 Lietal. [82] MPA Construction heuristics used with MILP NS Minimize workers and MAPTWT  Singapor
simulated annealing travel time C) e
2004 Limetal. [179] MPA Tabu-embedded simulated MILP N/S Minimize workers, travel ~MAPTWT  China
annealing algorithm & a squeaky distance and time C
wheel optimization with local
search algorithm
2003 Blais et al. [180] D Tabu Search MP NS Minimize travel distance NA/NS Canada
1998 De Angelis [20] HRD NS SLP NS Maximize new patients NA/NS italy
1998 Cheng and Rich S&R Two-phase heuristics, branch MILP Daily Minimize cost MVRPWT USA
[19] and bound
1993 Begur et al. [18] S&R Heuristic approach: k-optimal MP 5 days & Minimize travel time VRP USA
procedure, sweep algorithm, daily

insertion procedures
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Table 2 A Taxonomy of HHC/HC Literature: By Problem Type, Modeling Feature, Solution Method, Type Of Assignment, Tool and Planning:
Conference Papers

Year Reference Problem Solution Technique Type of Planning Optimization Approach Country
Type Model period Criteria
2014  Riaziet al. [168] S&R Heuristic gossip MILP N/S Minimize travel time and VRPTW Sweden
algorithm customer dissatisfaction
2014 Yalcindag et al. S&R genetic algorithm ILP daily/weekly Minimize travel time TSP/VRP Italy
[169]
2013 Gayraud et al. S&R N/A MILP NS Minimize cost and travel m-TSPTW France
[181] time/distance and
Maximize worker skill
2013 Mutingi and S genetic algorithm NS Minimize travel distance VRPTW South Africa
Mbohwa [182] and cost
2012 Cire and Hooker S&R Heuristic search CP minimize cost CP USA
[183]
2012 Trabelsi et al. S&R N/A MILP Daily minimize cost NA/NS Tunisia
[184]
2012  Rendl et al. [185] S Variable neighborhood MILP daily Minimize cost, VRPTW Austria
search, scatter search & travel/work time and
simulated annealing maximize nurse/patient
hyper heuristic. satisfaction
2012 Yalcindag et al. S&R NS MILP Weekly Minimize travel distance TSP Italy
[186] and work hours
2011 Smet et al. [80] S Hyper heuristics MP 4 weeks minimization of travel VRPTW Belgium
cost and minimization of
quality of care
2011  Rendl et al. [187] S Hybrid meta-heuristic & CpP NS Minimize cost and travel ~ VRP/TSPTW Austria
variable neighborhood time
search
2010 Misir et al. [81] S Hyper-heuristics MP 4 weeks minimize travel and lde NA/NS Belgium

time
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Table 2 Continued

Year

Reference Problem Solution Technique Type of Planning Optimization Approach Country
Type Model period Criteria
2009 Kergosien et al. R N/A ILP N/S Minimize cost and travel mTSPWT France
[188] time
2008 Bachouch et al. S NS MILP NS minimize travel distance NA/NS Switzerland
[78]
2008 Dohn et al. [189] S Exact solution approach, MP Daily minimize cost MAPTWTC/ Denmark
branch-and-price ESPPTW Canada
Elbenani et al. S&R scatter search ILP NS Minimize travel distance
2008  [190] approach/meta and work hours VRPTW
heuristics/tabu search
2008 Elbenani et al. S Tabu search ILP NS Minimize travel distance MVRPTW Canada
[191] and work hours
2007 Steeg and S Large neighborhood HCP NS minimization of the PVRPTW Germany
Schroder [192] search approach, Branch number of visit
and bound search
2006 Borsani et al. [193] S NS MILP weekly minimize number of NA France

visits, travel time and
distances
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Table 3 A Taxonomy of HHC/HC Literature: By Problem Type, Modeling Feature, Solution Method, Type Of Assignment, Tool and
Planning Horizon: Dissertations/Thesis

Year Author Problem HC/HHC Solution Type of Planning Optimizati Approach  Country
Type / HV Technique Model period on
System Criteria
2012 Hiermann S HHC Meta-heuristics CP 1 day Minimize CP Austria
[83] variable travel time

neighborhood
search, genetic

algorithm
2012 Macdonald S&R HHC Meta-heuristic based ~ MILP weekly Minimize VRP Austria
[194] on local search; travel time
Simulated and cost
Annealing
2007 Lessel [195] S&R HC Insertion heuristics, MILP 1 day Minimize TSPTW Denmark
greedy restart travel time
heuristic, Tabu and cost
search technique
2006 Thomsen S&R HC Insertion heuristics, MILP 1 day Minimize ~ VRPTW/V  Denmark
[196] Tabu search travel time  RPTWSV
technique and number
of shared
Visits

*[NS-Not stated, NA-Not applicable, S- Scheduling problem, MPA-Man power allocation problem, R- Routing problem, D- Districting problem,
MILP- mixed integer linear programming, HRD-human resources dimensioning, HRA-human resource assignment, MAPTWTC- man power
allocation problem with time windows and job-teaming constraints, VRPTW/VRPTWSV-vehicle routing problem with time window and shared visits,
TSPTW-traveling salesman problem with time window, VRPTWTD-vehicle routing problem with time window and temporal dependences, ESPPTW
-elementary shortest path problem with time windows, VRP-vehicle routing problem, MVRPWT/ MD VRPTW -multi vehicle/depot routing problem
with time window, PVRPTW- Periodic Vehicle Routing problem, CP-constraint programming, SP/SLP-Stochastic linear programming].
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Figure 4: Countries reporting research contributions for the HHC and HC modeling

Conclusions
Home Healthcare, Home care, Home Visitation and Operations Research Approaches
As noted earlier OR has been successfully applied to adult HHC and HC from different perspectives but
not infant HV. One of the objectives of this dissertation is to investigate the applicability of mathematical
methodologies to infant HVs for effectiveness and cost efficiency, and then stimulate research interest in
this field. By definition, OR employs a predictive modeling investigative paradigm, mathematical
equations, computer logics and related tools to forecast the consequences of particular decision choices
without actually implementing them which systematically searches for the best or optimal choices [140-
143]. 1t’s applications leads to host of benefits [144]. Users of the application need not have any background
in mathematics or computer logic as they operate a decision support tool at the front end with mostly user
friendly graphic user interfaces. These applications aid in overall operational planning (scheduling, routing

and assignment of resources, etc.). An earlier study [197], which inspired this dissertation, presented a
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simple application of OR to infant HV. A few other studies have also addressed the problem using OR by
developing decision support systems with embedded mathematical programming models also noted in
[197]. For example, Begur et al. [18] developed an integrated decision support (DSS) module using a
heuristic approach for daily scheduling and routing HHC nurses targeted at adults. Similarly, Eveborn et
al. [74], [167] developed the LAPS-CARE system, which uses OR for scheduling in order to eliminate
manual planning. The tool was targeted at elderly care systems. Vehicle routing problem based solution
approaches have also been proposed for the problem from an operational point of view. For instance,
Bachouch et al. [177] dealt with the problem of routing nurses in HHC service systems. An integer linear
programming model for deciding which human resource should be used and when to execute the service
during the planning horizon to satisfy the care plan for each patient served was proposed. In another context,
Barrera, Velasco, & Amaya [198] addressed the problem of improving the current operating conditions of

a school visitation program delivered by the Bogota health department in Colombia.

Researchers objectives of OR application to healthcare have been successful in minimizing total travel time,
number of shared and unlocked visits while respecting the patients’ and operators’ time windows [196],
minimizing total distance traveled by nurses [199], balancing workloads of operators within specific
categories [165] and minimizing cost, etc. It is identified that only a few studies have proposed
mathematical models to optimize HHC and HC deployment and implementation in very particular contexts
different than that of discharged newborns with first time mothers in a vulnerable situation [200] (e.qg.: first
time single mothers addicted to drugs and alcohol and the like). Infant HVs are unique in that their
operation, planning and deployment are diverse. Clients are visited in their homes as in HHC and HC but
the process and variables involved are different. After care for patients are classified either as HHC, HC,
or HV. HHC and HC are somewhat related for the problem situations in the sense that they are both targeted
at the elderly population and have a common operational strategy. Both are designed to provide medical,
paramedical, and social services to patients at their own domicile [165, 201, 202]. On the contrary, Infant
HV starts before and after hospital admission, and are designed to provide visits and care for both infants
and their mothers. As a contribution, this study distinguishes HV with its unique features and characteristics
from HHC and HC below;

a) HV visits are initiated before hospital admission (when a client knows she is pregnant), and continues

after postpartum discharge, whiles in the case of HHCand HC, visits starts after hospital discharge.
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b) HV clients are not necessarily ill or have health conditions, but targets every newborn and infants
especially disadvantaged families, so visits and priority assignments are different from that of HHC
and HC [203].

c) For HV, visits are normally not random but periodic and are for a specified duration. Families still
conform to program and schedule even if the participants’ condition changes as opposed to HC/HHC;
which has many random events that affect the service delivery. The main randomness stems from
unexpected changes in patient conditions, expressed as variations in the number, frequency, and
duration of visits, which makes the activity of the HC service provider highly uncertain [165, 204].

d) Participants of HV do not determine their visit times and choice of visitor gender. They are scheduled
by the program’s office, as opposed to HC/HHC where patients prefer certain time intervals for being
served and can make the choice of the gender of the operator.

e) Cost structure is same for each HV participant, and are funded by governments and public funds;
therefore, their effects concern both the community and the government as opposed to HHC/HC where
cost and cost structure is different for each patient based on their diagnosed sickness.

f) HVs participants’ demand can easily be forecasted as most are enrolled based on eligibility criteria,
through hospital databases. Hence the requirements and process for HV are predefined as opposed to
HHC and HC [28], [205].

The few OR studies on HHC and HC for adult care have concentrated on just scheduling and routing, with
no focus on operational planning of infant HV and its unique features. Cost and risk minimization, coverage
and benefit maximization, as well as the quality of treatment on this subject, has not received the needed
attention.

An important characteristic of HV is that, every infant most likely needs this service; which reflects the
racial, cultural and ethnic diversity of the population; and the programs aim at early interventions in contrast
with only care services. Future research should be devoted to experimenting OR approaches developed for
HHC and HC to test the extent to which they will work with infant HV. Also, infant HV’s may need new
mathematical models valid for their unique features. Most importantly, HV is different from HHC/HC and
must be treated as such, especially for infants. Finally, prior literature confirms that the impact of cost
spending on HV programs is affecting government policies and budget towards spending. Studies focused
on minimizing cost and risk, maximizing coverage and benefits might be able to address the situation. One
issue of great concern with regards to HV’s planning context is how to plan the follow up process to

maintain program’s fidelity. As federal governments and private organizations continue to fund research
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and evaluations of HV’s for infants, it is an opportune time to develop and formulate OR models for HV

program’s implementation.
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CHAPTER 1l
MODELING THE INFANT HOME VISITATION DEPLOYMENT

This dissertation examines 26 infant home visitation programs (Appendix B, Table B. 1 and Table B.2),
and compares their characteristics, monetary benefits, duration of the program, target populations,
enrollment, graduation rates, eligibility criteria, intensity, aim and scope of the programs. The programs
comprise 14 prenatal and postpartum HV programs for which visitations continue until the child is 3 years
old (Appendix B, Table B. 1); and 12 programs for school going infants who are 3 years old and up
(Appendix B, Table B.2). Cost benefit comparison of these programs are based on data and analysis
presented by [206], [16], [61] and [63]. Characteristics and features of the programs are identified, and one
program that best represents a comprehensive, standard and evidenced-based HV is selected for the
modelling. The nurse family partnership program (NFP) is selected due to its high performance among the
characteristics and features compared for a case study and model validation. The comparison and best
program selection procedure is similar to the conclusions presented by [16], [61] and [63]. The NFP is a
program designed to provide prenatal and infant home visitation for low-income, first-time mothers and
children until child is 2 years old. The program has been proven through extensive research and has been
judged to yield numerous positive outcomes and benefits. The program is managed by the NFP National
Service Office (NSO) and has been replicated in many states in the U.S. as well as in many other countries-
more than any other HV program. In collaboration with the NFP NSO, data was collected, as well as
responses to questionnaires solicited which helped to facilitate the modeling of the real life deployment of
the program’s process mathematically.

This dissertation uses results of the study by [16] identifying issues that predominantly affect infants and
their mothers in the target population, and the assumed benefits that can be achieved in the event that these
issues are addressed. Lee et al. [16] presents an extensive calculation of monetary benefits of HV programs
related to crime (C), healthcare and illicit drug abuse (HD), mental development and education (ME), and
public assistance (PA) (see appendix C, Table C.1, Table C.2, Table C.3, Table C.4 and Table C. 5). In the
model developed in this dissertation, it is assumed that families enrolled in HV may have one or multiple
of these issues or needs related to C, HD, ME and PA; and hence NCP with training in these specific
specializations would be hired to provide service to them. However in cases of multiple needs, the
assignment priority is given to the most prevailing need out of the four needs. The best nurse to patient
match is determined to be composed of 4 metrics: the right skill/training/expertise (C, HD, ME, and PA),
nurse type (CNA, LPN, RN or NP), and nurses’ years of experience, matched to the right patient with the
specific need (C, HD, ME and PA). This is further explained and modeled in the sections that follow.
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Figure 5 shows the detailed critical path for the general HV process which has commonalities among all 28
HV programs. The journey of each nurse starts the moment she leaves the NFP office or her home, and
finishes after she has visited the corresponding patient and returns to her starting point to submit her report
in order to satisfy the demand, and with respect to program’s fidelity. From Figure 5, the system may consist
of patients whose statuses (pregnant, new mother, or health condition) are known. The enrollment point for
each patient is logged once they join the program. Direct care givers comprise family nurse practitioners,
registered nurses, certified nursing assistants, licensed practical nurses and para-professionals in some
cases. The care givers are specialized and also trained in a variety of care related issues that affects the
target population. Also, depending on the size of the enrolled participants and available funds, care givers
hired may be full-time, part-time or temporary. The overall personnel involved comprise

supervisors/administrators, nurses and support or data entry persons.

Nurse Nurse Employee
Type Skill Reliability &
Years of experience (1-4yrs & <4)
Nursel
— FNP | | Crime |— h
Patient Patient Enrolment Family Nurse Full-time Resource
Status time practitioner handling
Patient 1 Pregnanc Early Violence Nurse 2
— y period Enrolme RN Supervisor
nt
Registered Part-time
Nurse
Patient 2 After Late Mental’E Nurse 3
] ] birth | enrolment | H cNA M M ducation [ ' F [ Nurse [
period )
Certified nursing Temporary
Assistant
Patient 3 Drug g ;
|| || L B | || | || L || uppor
ir 1PN abuse — person [
Licensed
Practical Nurse
i Patient4 | | || | L] Health
PP

Para-professional

Figure 5 Detailed Critical Paths for General Home Visitation Process

40



Overall Conceptual Approach
The model developed in this dissertation considers the occurrence of important events at discrete points in

time that are separate from each other. The time for 2 consecutive discrete points in the horizon planning
period is the time it takes for one specific nurse visit to the next scheduled visit, which are weekly visits
after birth for six weeks, 4 weekly visits after program’s enrollment, and then visits every other week
through the child’s 21° month (90 weeks), plus monthly visits in months 22-24 (90-103 weeks), except that
visits are scheduled weekly for 4 weeks after program enrollment and 6 weeks after birth; and the visits
ideally begin by week 13 of pregnancy and must begin by week 28 [121]. The model’s size is dependent
on the number of time intervals of the horizon planning period being considered for each patient, which is
similar to the total number of hired nurses to be scheduled throughout the visits, and the size of the target
population. NCPs are hired, trained, assigned and scheduled for visits based on their skills/training, years

of experience and nurse type/category for enhancement of quality of treatment and to reduce risk.

Modeling Paradigm
This dissertation proposes a mathematical model formulation for the HV process. The HV process is
divided into segments and each segment is divided into groups of visits. The proposed mathematical
formulation models the NFP HV deployment process which was introduced by David Olds [206] [70]
through a series of random trial experiments at different HV sites. The visitation sequence of each group of
visits upon the programs enrollment may not change over time until the patient’s graduation. Based on this
idea, the proposed modeling approach is represented in discrete points of time, for the journey of the groups
of visits throughout the required visits and the different stages that makes up the duration of the program.
Figure 6 depicts an illustration of the methodology with the NFP HV Program upon which the model in
this research is developed. The NFP NSO has standards and regulations concerning nurses and patients
with consideration of 18 model fidelity elements that sites must adhere to. Based on this, the study in this
research propose the hiring requirements of nurses is composed of the nurse educational level, their years
of experience in practice, and the nurses’ skill or training. The NFP also has a requirement for the number
of nurses depending on the number of enrolled patients. Inferring from Figure 6, the rules and regulations
comprise hiring the most qualified nurse, nurses and supervisors caseload requirements, continuity of care
where the same NCP takes care of the same patient throughout the program, consideration for disruption
management, visit to patients in close proximity and different weeks of visit requirements. With respect to
patients, time of enrollment, patient health need, health status and their geographic locations based on

addresses are considered. The modeling approach used aims at representing the evolution of the HV process
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during the entire horizon planning period by focusing on discrete points in time at which the state of the

system might have changed through the horizon planning period.

Rules and . Measurement

Category of nurse Hiring the most
V™ | T quali?ied nurse | [~ Patient need
= Strategy 1
| Number { Cost —{ Only Cost
of nurses = Enrollment —
Years of hurses & | Ol:glons]tlze
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— experience (1, 2, caseload capacity Different Strategy 2
3,4 & up) — pregnancy
_| Continuity durations & status Only Cost
Skill of of care
nurses Disruption |_| Patient time || Quality of Strategy 3
management availability Care Cost with
Quality
p%)??risi:[[ Different
Yy geographic
Different locations

weeks of visits

Figure 6 Methodology via illustrative scenario of Home Visitation Program

This change depends on whether at any given point in time, a nurse quits her job or is absent, or a patient
drops out of the program. This impacts nurses’ caseload and may demand hiring additional nurses or re-
distributing the load evenly to adhere to the program’s fidelity. In Figure 7, the conceptual framework of
the HVP model is proposed and further explained in detail with the figures and tables that follow.

Figure 8 provides an illustration of the planning horizon for the NFP program which is being used to
represent the standard HV system. This is a representation of what happens to a given patient in the program.
P4, P2...Pirepresents the patient. The grey cells indicate that a visit takes place in that week. The observation
periods for a patient have been divided in batches of 144 weeks. The program starts for a patient once she
confirms she is pregnant, and then runs through to when she gives birth at week 40, after which it again

continues until the child’s second birthday.

As explained in the prior sections, the NFP targets 64 visits. In the ideal situation, the family’s nurse visit
every other week through the child’s 215 month, plus monthly visits in months 22-24, except that visits are
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scheduled weekly for 4 weeks after program enrollment and 6 weeks after birth. The home visits ideally

begin by week 13 (early enroliment) of pregnancy and must begin by week 28 (late enrollment) [121].
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Figure 7 Conceptual Framework of HVP Model
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The decisions taken in the HV deployment system correspond with the following 3 questions:

1. What is the specific enrollment time of each patient in the sequence to be visited through the

horizon planning period?

2. What is the location at which each patient has to be visited in order to satisfy his or her demand?

3. What is the correct nurse-patient matching; where the correct nurse match is composed of 4 metrics:
the right skill/training (C, HD, ME, PA), nurse type (RN, CNA, LPN or NP), nurses’ of years of
experience; matched with the right family that has a specific need (C, HD, ME, PA).

The proposed model must describe the evolution of this system through the entire horizon planning period

given the assumptions made with adherence to the NFP’s model fidelity elements [121, 207]. The model
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Figure 8 Representation of the HV Planning Horizon for a Given Patient

Also considers that, in reality, entry after week 13, late enrollment on 28" week, scheduling problems,
families, dropout, nurse dropouts and early graduation dramatically affects visits [121]. Each nurse carries
a target caseload of 25 families, and nurses maintain families in their caseloads even if they miss visits,
only replacing them as they leave the program. A full-time nurse supervises up to 8 nurse home visitors
(thus, a ratio of 1:8 and 1:4 supervisors to nurse ratios for 200 and 100 patient enrollments respectively).
The supervisor provide clinical supervision with reflection, demonstrate integration of theories, and
facilitate professional development through one-to-one clinical supervision, case conferences, team
meetings and field supervision visits [121, 207]. At the NFP site, administrators, staffs and data
entry/support persons are hired to help the programs’ operations. The NFP NSO staffs help develop and
fund the programs, train the nurses and supervisors, monitor implementation fidelity to 18 model program
elements, and operate a centralized data system. The comprehensive program cost of a standard NFP HV
comprises 5 components;
(a) Personnel Costs which include base salaries and fringe benefits which increase by 5% per year.
(b) Administrative cost which comprise office expenses (rent, maintenance, utilities), office supplies,
client support materials, copies of forms/facilitators (B/W), postage, computers w/ software,
computer network fees, cellular phones, cellular usage fees, medical & program supplies,

professional development, mileage (20 trips/family/year).
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(c) NFP services fees which are composed of start-up fee, nurse initial education tuition, supervisor
initial education tuition, administrator orientation, nurse education materials, DANCE education,
program support fee and nurse consultation fee.

(d) NFP travel costs (airfare/hotel/meals) which include travel: agency to administrator education,
travel: agency to education unit 2, travel: agency to education unit 4, travel: agency to DANCE
education and travel: supervisor to annual symposium.

(e) Additional materials and training costs which include NCAST materials, PIPE materials, ASQ
materials, Edinburgh/PHQ-9 training and home IT assessment materials.

This dissertation makes three propositions and assumptions which aim at enhancing the quality of
assignment and hence treatment. The first considers the hiring of nurses with different years of experience
by assigning ranking scores or importance factors as shown in

Table 4. The highest and lowest scores are given to the highest and lowest years of experience respectively.
This proposition is deemed valid based on the conclusion of [208], [209] and [210]’s study which
investigates factors that contribute to nurse expertise. [208] states that clinical nursing expertise is central
to quality patient care and concludes that when individual characteristics are controlled, the hospital context
significantly influences clinical nursing expertise. A detailed study of the nurse expertise components
related to nurse's years of experience and level of education as well as influence of expertise can be found
in [208], [210] and [211]. Also [212] found that nurses with more experience reported performing more
complex functions than those with less experience. Another study of five hospitals by [213] found that years
of experience were associated with expertise. In a similar study, [214] examined the effect of the mean
nurse experience level at the hospital level on nurse needlestick injuries; and concluded that a low mean
experience level was associated with more near-miss needlestick incidents. In another related study,
[215] found that the odds of high burnout, job dissatisfaction and poor-to-fair quality of care were twice as
high in hospitals with 50% inexperienced nurses to be significant predictors of patient outcomes.
Secondly, the study considers that different types/categories of nurses are hired with different salary
structures and then assigned ranking scores or importance factors as shown in Table 5. The different
combinations of both scores are used to compute an importance factor which is the nurse specialty factor.
A patient with a high critical health need is assigned a nurse with the highest score or importance
factor, thus the most experienced nurse. For instance, the most experienced nurse may be a nurse
practitioner (Master degree holder) and who has 4 and up years of working experience and is

assigned the highest score. Similarly, this proposition is deemed valid based on the conclusion of
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Table 4 Nurse Years of Experience Score Ranking

Nurse Years Years (k) Years of Nurses’
of Experience Experience
ID
1 Up to 1 year 0.20
2 More than 1 to 2 years 0.25
3 More than 2 to 4 years 0.26
4 More than 4 years 0.29

[208] and [210]’s study which presents investigation on factors that contribute to nurse expertise. As in
nurses’ years of experience, nurse education level influences clinical nursing function and hence central to
quality patient care as presented in the study by [208]. Another study presented by [216] concludes that
education influences expertise by providing theoretical and practical knowledge base that can be tested and

refined in actual situations.

Table 5 Nurses’ Category Score Ranking

Nurse Type CatScore (k) Score of nurse's
ID category
1 Certified Nurse Practitioner (CNA) 0.20
2 Licensed practical Nurse (LPN) 0.25
3 Registered Nurse (RN) 0.26
4 Nurse Practitioner (NP) 0.29

Table 6 shows all the possible combinations of nurses’ specialty importance factors which are obtained by
multiplying all the possibilities of nurses’ years of experience scores (Table 4) by nurses’ category scores
(Table 5). The first column, “Nurse Type ID” corresponds to the “Nurse Type name” in the second column.
The third column is nurses’ years of experience and the last column is the product of both score
combinations’, “importance factor”. The highest importance factor represents the most qualified nurse with

the most years of experience for each different set of combinations.
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Table 6 Nurse Specialty Importance Factors

Years (k)

Nurse Type ID Nurse Type Name Experience Importance Factor
1 CNA 1 400
2 LPN 1 500
3 RN 1 520
4 NP 1 580
1 CNA 2 500
2 LPN 2 625
3 RN 2 650
4 NP 2 725
1 CNA 3 520
2 LPN 3 650
3 RN 3 676
4 NP 3 754
1 CNA 4 580
2 LPN 4 725
3 RN 4 754
4 NP 4 841

Thirdly, the study considers that families enrolled in the program have specific health needs related to C,
HD, ME and PA; therefore nurses with an inter-professional training representing the Health Information
Technology and Simulation (HITS) concept [217] may be hired based on their expertise and training in

these 4 areas. A combination matrix of the patient need to nurse skill is presented as shown in Table 7.

Table 7 Patients Requirement and Nurse Skill Match

Skill Skill Type Patient Patient Combination
Type ID Requirement ID Requirement Matrix
1 C 1 C 5000
2 HD 1 C 1000
3 ME 1 C 2000
4 PA 1 C 3000
1 C 2 HD 2000
2 HD 2 HD 5000
3 ME 2 HD 3000
4 PA 2 HD 1000
1 C 3 ME 2000
2 HD 3 ME 3000
3 ME 3 ME 5000
4 PA 3 ME 1000
1 C 4 PA 3000
2 HD 4 PA 1000
3 ME 4 PA 2000
4 PA 4 PA 5000
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Inferring from Table 7, for instance, if a patient has need “C”, the model considers nurses’ with skill “C”
having the highest combination matrix score and hence a perfect match. If there are no nurses with skill
“C”, nurses’ skills are selected in the following order PA, ME and HD. If a patient has need HD, nurses
with skill “HD” are first selected. If there are no available nurses with skill “HD”, the following priority
order is used ME, C and PA. If a patient has need “ME”, the order of nurse skill selection is ME, HD, C
and PA. Similarly, if a patient has need “PA”, the order of nurse skill selection is PA, C, ME and HD. The
priority order of nurses skill selection is developed based on the analysis of historical nurses’ and patient’s
data. The model assigns priority to critical health needs related to mental development and education which
is associated with developmental delays, and also health and drug abuse related issues. In such cases the
most qualified and experienced nurse is assigned.

Lastly, prior studies consider optimizing location and travelling distances in a different contexts. The model
in this study groups patient locations into 3 zones based on proximity of their geographic locations, and
aims at minimizing travelling distance cost, inter zone traveling cost and supervisor inter zone nurse

managing cost. Table 8 shows the zone travelling costs established based on historical data.

Table 8 Inter Zone Travelling Cost

Neighborhood ID  Neighborhood Neighborhood Neighborhood Travelling

Zone ID Zone Cost
1 Zonel 1 Zonel 0
2 Zone2 1 Zonel 10
3 Zone3 1 Zonel 20
1 Zonel 2 Zone2 10
2 Zone2 2 Zone2 0
3 Zone3 2 Zone2 10
1 Zonel 3 Zone3 20
2 Zone2 3 Zone3 10
3 Zone3 3 Zone3 0

To better illustrate the proposed modeling concept, a medium to large size scenario for the problem is
considered. In this case, an agency that wants to set up an NFP site contacts the NFP NSO office for
approval, training and education. The agency then sets up the NFP site, acquires all the necessary resources
and begins the hiring of nurses, administrators and support persons. A 200 family NFP site requires 8 nurses,
1 nurse supervisor, an administrator and a data entry/support person (Similarly, a 100 family NFP site

requires 4 nurses, 1 nurse supervisor, an administrator and 1 data entry/support person).
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The hiring of nurse home visitor involves the critical processes of selecting qualified staff with the required
training and experience. Nurses’ categories are RN, LPN, NP and CNA with different years of experience,
and nurses have different specialty training in handling issues with C, HD, ME and PA. Each nurse is
assigned a maximum caseload of 25 families. Nurses’ salaries are either the same or based on their
categories, and each nurse receives 26% fringe benefits based on their annual salaries. It is assumed that
every nurse contributes a 100% effort toward the entire duration of the program and makes about 57 trips
per family. The NFP site expends a variety of cost on office/training supplies and administrative cost which
comprise both variable and fixed cost. Some additional costs involve travel mileage reimbursement. The
visits are divided in three segments, weekly visits, bi-weekly visits and monthly visits. Figure 9 provides a
representation for this scenario. From

Figure 9, families can enroll at the earliest during week 13 of the pregnancy period, and also at the latest
during the 28" week. There are weekly visits for 4 weeks after an early enrollment or late enrollment;
weekly visits after birth for 6 weeks; bi-weekly visit from the 47" to 134" week; and monthly visits from
the 135" to the 144" week. The assignment of nurses to families and nurse visit scheduling are some of the
most important concerns of this problem since these are determined by the families” health status and needs,
as well as nurses’ qualification, and families’ geographic locations among others. Once nurses are assigned
to families, they stay with the same family until the end of the horizon period when the family graduates.
There are specific criteria to hire NCPs based on their experience and education. Additionally, the
probability of staying in the program is considered to avoid disruption of management. There are also
differences in the required frequency of visits for the patients based on the stage of the program they are at
and a minimum amount of time between consecutive visits that are required for each patient. Enrollment in
the NFP HV is on a rolling basis, hence families may enroll at any time (t). Each enrolled family has their
unique planning horizon until they receive the total required visits. An example scenario for 3 families for
different states of the system is represented in Figure 10, where each family enrolled, is visited and
graduates at different times. These dynamic aspects of the system need to be very well represented by the

proposed methodology since they constitute inherent and unique characteristics of this type of system.

Conclusions
A novel modeling approach has been introduced to plan the assignment of nurses to patients in a follow up
program environment. The model considers the important operational aspects while seeking the

minimization of the total cost of the program as a function of the salaries and costs associated with the visits
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to patients by the assigned nurses. The important dynamic features of the system are considered in the
modeling process. The proposed modeling concept can represent the events that may change the state of
the system, for instance rescheduling and reassignment of the nurses’ caseload and also hiring of new nurses
in the event that a nurse home visitor quits her job. It also considers the cases that families may drop out of
the program as well. Nurse weekly capacities for visits are also accounted for with consideration of the visit
pattern between 18 weeks of pregnancy and child’s second birthday, and also depending on whether a nurse
home visitor’s caseload is predominantly pregnant women versus predominantly women with children in

their second year. Finally, in the HVP process, geography makes a huge difference as it has a direct bearing
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on the percentage of cost and nurses’ time consumed by travel. The NFP NSO office estimates an average
of about 20 to 50 miles per visit depending on the State the program is implemented. A closer look at HV’s
deployment shows that the distribution of travel distances in the U.S. varies from State to State. This is also
considered in the modeling representation.
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CHAPTER IV
MATHEMATICAL MODEL
A modeling approach, state of the HVP system and problem structure has been introduced in the previous
chapter. The interpretation of each stage of the system and its requirements in the proposed model were
explained and related with the real system. To reiterate, the main components of the system are replicated
through the horizon planning period for as many times as an additional family is enrolled. In this chapter,
the mathematical representation of the HV model as well as unique set of constraints necessary to model
the dynamics of the real life system described in the previous chapter are presented. The system is shown
to be effectively represented by a mixed-integer programming (MIP) model through the horizon planning
period and the problem structure is explained. MIP is one of the many successful optimization techniques
used to identify optimal or near-optimal solutions when faced with decision making. Most importantly, it
is applicable when all the data needed to make decisions are available in making a single choice from a

range of feasible options to achieve the best results.

Mathematical Model
This section provides the mathematical formulation for the HV deployment that represents the system of
interest and its evolution through the horizon planning period. Assumptions made to model the system are
first presented. This is followed by the optimization criteria and the model parameters. A definition of the
decision variables is then presented and the objective function is stated. Lastly, the sets of constraints for
the model are presented and explained in detail.
Assumptions
e There is a set of patients to be included in the HVP, which week of pregnancy (WoP) they are at is
known and is less than or equal to 28 weeks at the beginning of the HPP.
e There is a set of nurses to choose from the nurses to be hired for the HVP.
e There is a horizon planning period (HPP), discretized by weeks that starts in week #1 and finishes
in week #144
e Pregnancy period lasts 40 weeks
e Each nurse has a capacity to visit a given number of patients per week
o Early program enrollment can occur in week 13 and late program enrollment in week 28
e  After birth, weekly visits are required for 6 weeks
o After week 6 of delivery, visits are required every two weeks until week 134

o After week 134, visits are required every four weeks until week 144
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o All families receive the same number of visits, ideally, between 45 to 64 visits

e Each nurse serves the same family they are assigned throughout the whole planning horizon except
for cases of disruption management.

e Each nurse caries a caseload of 25 families

e Each nurse has a specific skill/training, years of experience and education type.

o A program of 200 families requires 8 nurses, 1 nurse supervisor and 1 data entry/support person

e Visits are planned and scheduled so as to reduce travel time and cost (thus nurses are assigned to
patients in the same neighborhood and not very far apart)

e A full-time nurse supervises up to 8 nurse home visitors

Optimization Criteria

Care for patient in the home may involve consideration of elements among which are transportation and
treatment supplies costs, operating rules/policies of the host organization units, inventory considerations,
customer service policies, model fidelity elements, and many other factors. One of the conclusions of the
survey conducted for this problem was that, different optimization criteria have been considered for this
problem. Considering research in this field, [71], [72] and [73] considers the balancing of workloads of the
operators. In [18], [74], [75], [76], [77], [78], [79], [80], [81], [82], [83], [84] and [85], the minimization of
total travel time, distance and cost while respecting constraints related to route construction, scheduled
hours, operators’ time windows, and skills requirements are considered. Cheng and Rich [19] consider
minimizing the total cost associated with the overtime hours. De Angelis [20] considers maximizing the
number of newly admitted patients based on resource availability constraints, a minimum standard of
service, variability of demand, transition rates among classes, and budget constraints. [85] and [84] also
considers maximization of the number of patients visited within nurse work time windows and
minimization of the overall operation cost respectively as in the objective of this study. Other operational
objectives considered in previously published literature on this subject aims to:

e Minimize the number of workers to visit a set of customers whilst balancing workloads and

demand.

e Maximize coverage

e Minimize the overall operation costs.

e  Minimize uncovered visits

e Maximize worker visit preferences

e Minimize the total travelling distances, costs and time, also and waiting times
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o Maximize the level of patient satisfaction
e Minimize the number of dif£rent vehicles that visit a given client.

This dissertation defines the planning and performance of the system as a composite cost function where
personnel costs and administrative cost are considered. Also, presented are extensions where NFP NSO
services cost, NFP NSO travel cost and additional materials and training costs are considered. Further,
computational experiments are provided for this problem. Most importantly, three optimization strategies
are proposed. First, quality is optimized simultaneously with cost (S1). In the second strategy, only quality
is optimized (S2) and finally, only cost is optimized (S3) for the third strategy. In the previous chapter,
Figure 7 and Figure 8 provides the illustration of the basic component of the deployment approach and
planning horizon respectively. In these figures, there is a set of families (patients) who are at different stages
of their pregnancies (patient status). Families may enroll in the program at different times (enrollment time).
Nurse participation and enrollment is based on the “Nurse Type”, “Nurse Skill”, “Years of experience” and
employee reliability. Other resources involved include nurse supervisors, and data support persons
(resource handling). The model is introduced by first defining the scalars, the sets and parameters. The
decision variables, objective function and constraints of the model are then provided and explained in detail.

Model terminology:

HVP: Home visitation program
WoP: Week of pregnancy
HPP: Horizon planning period

Scalars:
P: Number of patients

N: Number of nurses
S: Number of supervisors

NSmin: Minimum number of nurses per supervisor
NSmax: Maximum number of nurses per supervisor
FNmin: Minimum number of patients per nurse
FNmax: Maximum number of patients per nurse
NFPS /CostSup: Cost of hiring a supervisor

B: Cellular phone cost assigment to a nurse

1 :Weight of nurses’ years of experience of nurses
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T Weight of nurses’ category
¢: Weight of nurse to family need matching
CostNewNur:  Cost of hiring new nurses: Initial training - computer software - cellular phone

CostNewSup:  Cost of hiring new supervisors: Initial training - computer software

CostSup: Salary and provisions for every supervisor both new and current ones
Z: Residential zones for patient’s location
Sets

i ={1,2,..., P} Patients

j=1{1,2,...,40} Week of pregnancy

k =1{1,2,...,N} Nurses

[ ={1,2,...,144} Horizon planning period

o ={1,2,...,S}Supervisors

t ={C,HD, ME, PA} Patients’ needs
Y={G,D,G+1,1+1),(G+21+2),..} WoP of patient and week in the HPP

Subsets

NI (k, s) Nurse's skill in need s
NewN (k) New nurses

NewsS (0) New supervisors

m: set of cost related to personnel and administrative cost
m = 1: Of fice supplies per nurse per year

m = 2: Cellular usage fees per nurse per year

m = 3: Professional development per nurse per year

m = 4: Nurse Home Visitor Salary per year

m = 5: Nurse Home Visitor fringe benefits per year

Parameters

. P .th .
ug; = {1, patlent.l is at week j'"* of pregnancy in week 1 of the pr,j6[1,28]
0, otherwise

I ;- Number of visits that can be performed by nurse k in week [ of HPP.
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Cy /CostNury,: Fixed cost associated with hiring nurse k
Pks: Priority rating of the skill s by nurse k

Py Years of nurse’s experience

Qscorey: Score of nurse's category

FamZon (i, t, z): Family residential zone

Years (k): years of nurse's experience

CatScore (k): Score of nurse's category

Qpm: COSt m assigment to nurse k

ay:Total cost assigment to nurse k
5

ay = (ag1 + Ay + Az + Apa + ags) = Z Akm

m=1

n:set of families cost assigment related to support maerials
n = 1: Client training and Support Materials per year

n = 2: Copies of forms / facilitators(b &w) per year

n = 3: Medical and Program Supplies per year

So we have;

Yin: COSt n assigment to patient i

yi: Total cost assigment to patient i

Yi= i +viz tviz) =

n

Yin

3
=1

Decision Variables

Eight sets of binary variables are proposed. Their value equal to one is used to indicate that the

corresponding event occurs.

1,  patient i enrolls HVP in her j** WoP during week [ HPP

Vijik = and is served by nurse k, je[13,28]
0, otherwise
W = {1, nurse k is hired for the HVP
k710, otherwise
o = {1, nurse k takes care of patient i
tk =10, otherwise
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o {1, patient i is visited in her j¢* WoP by nurse k in week [ of the HPP
Yijkt =, otherwise j € [13,144]
_ {1, nurse k is assigned to supervisor o
Gro = 0, otherwise
_ {1, supervisor o is hired
° o, otherwise

S = {1 patient i with need, t is served by nurse k with skill s, (i,t) € F
itks —

0 Otherwise
N7 _ {1 Nurse k with skill s has at least one patient to service in zone z
sz = 1 Otherwise

Objective Function

Maximize Z; = z (Z Xl-k) P, +¢ z <22 Sitks pks> + 7 x Z Wi .Qscore;, n
i k s k

k (i,t)eF

ZN: Vijik [1]

u+ 7+ ¢ = 1> Values for weighted values of quality components

N P 40 144 N
Minimize Z, = Z Z(“ka }’ijkz) + Z(yi viﬂk) + CostNewNur
k=1 ijl i=1 j=1l=1 k=1
N
* Z we+ (Z wy * CostNury, * CostNewSup) * Z h,
k € NewN k=1 0ENewS
+ CostSup
+ Z Z NZ, s, * CostNury [2]
k,seNI z
Constraints
NSmin < ngo < NSmax; Vo=1,2,...N, [3]
K
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Wp —ngo = 0, Vk = 1,2,...,N

o
hy— gro = 0; Vk=12,..N,o=12,..,S

FNmin < ink < FNmax; Vk =1,2,...,N
i
Wi — Xik > 0; Vi= 1,2 o, P k= 1,2,...,N

ink= z Zgitks; Vk=1,2,,N

(i,t)eF s

i
ZZSitks < 1} V(l,t) eEF
k s
Z vi'j+l_1'k’l < 1; Vi= 1,2, ,P
k,j,l:1:13<j+1-1<28

Viju<1i=12,..,Pk=12,..,N
(J,hHer

vijkl — Wg < O; Vi = 1,2, ...,P,j = 1,2, ...,28, k= 1,2, ...,N,l = 1,2, .., 144

Yimien — 4Vijig = 0; Vi=1,2,.., Pk = 1,2,...,N

(mn):j<m<j+4,l<n<l+4

Yijki— 6 Z Viji = 0; Vi=12, ., Pk=12,..,N
(J,DeY,41<j<46 (J,DeY,12<j<28

Yijkt t YVijsrgier =1L Vi=12,..,P,j =47,..134,k =12,..,N,(j,1) €¥

P
(Vi + Vijie) ST Vk=12,..,N,1=12,..,144
i=1 j:(j,DEWY

Z 8itks) * FamZong, | —NZy,, < 0; V(k,s) ENIz

(i’t)
€F

vi,j,k,l < 25,V k= 1,2, ,N

l

P 23 144
=1j=13I=1
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Z Skk,k < 8,V kk [19]
k:k+kk

Equations 1 to 2 are the objective functions. Equation 1 seeks to maximize the quality of nurse to patient
assignment and equation 2 seeks to minimize the overall deployment cost. Equation 3 is the capacity
constraint controlling the maximum and minimum number of nurses assigned to each supervisor. Equation
4 is the set of constraint for assignment of supervisor, o to a hired nurse k. Equation 5 is the set of constraint
for hiring of supervisors. Equation 6 is the set of constraints for minimum and maximum number of patients
assigned to each nurse. Equation 7 is the set of constraints for the assignment of nurse, k to each specific
family and not to exceed their capacities while maintaining continuity of care. Equation 8 is the set of
constraints enforcing the quality of assignment of nurse expertise components. Equation 9 is the constraint
enforcing every patient’s need to be assigned to a nurses’ skill. Equation 10 is the set of constraints for
exact time in the horizon that patients enrolls based on program requirement, thus, patient can enroll at a
specific time and not afterwards or before that time in the ideal situation. Equation 11 represents the
scheduling of visits for any patient who enrolls at any time of the HPP depending on their condition and
needs, and defines the starting condition for the next planning period. Equation 12 enforces that a nurse
must be hired and assigned in order to take care patients who enroll at any time in the HPP. Equation 13
enforces weekly visits for 4 weeks after enrollment. Equation 14 enforces weekly visits for 6 weeks after
birth. Equation 15 is the set of constraints for patients’ bi-weekly visit assignment from the 47" to 134"
week; based on WoP of the patient and week in the HPP. Equation 16 is the set of constraints controlling
the number of visits that can be performed by a given nurse, every week considering the full HPP with its
weekly, bi-weekly and monthly visits; equation 17 is the set of constraints enforcing patients’ location
zones to every nurse in order to optimize travel distance and time. Equation 18 enforces a caseload of 25
patients or less to every nurse, and equation 19 is the constraint enforcing every 8 nurses to be supervised

by 1 supervisor.

Data Computation
The purpose of this section is to describe the data obtained from real life situation as well as from results
of interviews used for the model’s computation and validation. Real data was acquired from the NFP NSO
and used for the model’s computation and validation. The data includes historical and current data of cost
information, maximum and minimum number of visit requirements, NFP’s model fidelity requirements and

regulations, travel distances and cost, as well as data on the home visitation pattern. Also preliminary
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information into the analysis and understanding of the real life home visitation process was obtained from
a hospital in the southwest part of the U.S. A list of interview questions used in the process can be found in
Appendix D. In the current NFP HVP process, some required data was not available since it was not
included in the organization’s data collection process. This data includes nursing skills components with
respect to patient needs and nurses’ years of experience. Also, data that included patients’ and nurses’
protected health information (PHI) could not be obtained due to institutional privacy regulations. These
data include patients’ and nurses’ details, addresses (used in determining neighborhoods/zones),
demographic information, patients’ pregnancy durations and status, and patient needs. In the current NFP
HVP process, only registered nurses are hired, therefore only one salary structure of $74,455 (including
fringe benefits) for nurses, and $93,300 for nurse supervisors were available. Also, travel cost per mileage
reimbursement to nurses was at a rate of $0.565/mile is used by the NFP.

For data which were not available, randomly data were generated based on the historical data, survey data
and information available in literature, and used. Sample data for some instances of the computational
experiments are provided in appendix E (Table E.1, Table E.2 and Table E.3). Table E.1 in the appendix
contains data for patients. “ID” is the identification number randomly generated for patients,
“Preg_WeekAtEnrollment” is the exact duration of patients’ pregnancy which is generated randomly.
“Enroll Week WallCalendar” is the specific week a patient enrolls in the program. This data is randomly
generated and defined to be between early and late enroliment weeks; thus week 13 and week 28 with about
5% of the data going beyond late enrollment. “Patient Zone” is the assigned zone of patients locations based
on their addresses in the same geographic locations. Three zones are generated randomly for patients that
are enrolled in the program. “Patient Needs” are the specific needs of patients. This data is randomly
generated using a distribution as shown in Figure 11. The distribution of patient needs is based on the
studies presented by [16], [61], [63], [102] and [206] which analyzes the cost benefit of home visitation
programs based on patients’ needs.

Table E.2 in the appendix contains data for hired nurses. “ID” is the identification number randomly
generated for hired nurses. “Hiring_Cost” is the sum of costs related to the hiring of a nurse to participate
in the program. This is the sum of the administrative cost, NFP travel cost, computer and software cost, and
the cost of cellular phone assignment to nurses and training cost per nurse. The column named “Salary” is
the annual salary of hired nurses (including fringe benefits). “Max_Visit” is the maximum weekly visits a
nurse can perform. “Nurse Skill” is the expertise of the nurse which is generated randomly based on the
needs of patients. “Nurse Type” is the education level of the hired nurse. This data is generated randomly

with distribution shown in Figure 12 which is based on the number of available nurse type graduates as of
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2013 published by the U.S. Bureau of labor statistics [218] and the National Center for Health Workforce
Analysis [219].

The column named “Years (k)” is the years of experience of hired nurses which are randomly generated
between 1 to 4 years. “Nurse Zone” in the last column is the nurses’ zone assignment. Travel distances to
patient’s locations are computed by generating random travel distances for acceptable mileage travel limits
based on historical information gathered from the survey and interview data, and also historical data
collected, and then normalized between 0 to 100 (see Table E.3).
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CHAPTER V
SOLUTION AND COMPUTATIONAL RESULTS

This chapter presents the computational experiments for the solution to the model as well as the obtained
results. The purpose of the numerical experiment is to solve the problem under consideration for the NFP
HV and use the results to validate the model developed. The model’s performance in terms of computational
time, solution quality and robustness in relation to the problem being studied is also analyzed. The first
objective function maximizes the quality of assignment and the second minimizes the total operational cost.
The three strategies proposed are then presented and the model tested with a set of real data instances of
different sizes. The size of the model was determined by the number of nurses(N), the number of
patients(P) , the number of supervisors (S) and the number of discrete points in time in the horizon planning
period (T) for the HV. 50 instances of the problem were included in the set of computational experiments
with N, P and S, but 18 of the instances of the problem ranging from mid-size to larger size were chosen to
be reported in this study. The instances correspond to different scenarios of a system with an initial instance
of 1 nurse, 25 patients, and 1 supervisor for 144 weeks of horizon planning period. The variation is in the
number of patients, which increase the number of nurses and subsequently the number of supervisors. The
model is built on a personal computer and solved by a server with Intel Xeon 2.26 Ghz processor and 12.0
GB RAM. The IBM ILOG CPLEX optimization studio is used to solve the MIP model. The computational
time was upper bounded by 3600 seconds limit within the solver for each of the instances which is based
on the minimum amount of time used in solving the home health care scheduling problem as reported in
literature. Additionally, the relative gap is set to be 1%, therefore the model’s instances are terminated
when a feasible solution was within 1% of the optimal solution.

In the first solution, quality is optimized simultaneously with cost and is called strategy One (S1).

Table 9 shows the results of the performance of the computational experiments for the 18 instances
considered for S1. Five important aspects of the results are reported; the number of constraints and
variables, objective values, computational time and optimality gap. The first column of the table shows the
instances for the problem where there are 25 patients, 2 nurses and 1 supervisor. The second and third
columns represents the total number of constraints and variables respectively. The optimal objective
function value reported for each case is the best objective value obtained when the program terminated.
This is reported in the fourth Column for each instance. The fifth column represents the MIP relative
optimality gap. The computational time (in seconds) is the time it takes for the objective value to be
obtained, thus, the time either at which the optimal solution is found or after which the solution does not

improve. This is represented in the last column.
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The first, sixth and seventeenth instances of the problem were solved to optimality. In the remaining cases,
near optimal solutions were obtained. Consequently, there were two types of result for the problem as far
as the objective function is concerned: Optimal or a near optimal solution within MIP relative optimality
gap. The MIP model is efficient in solving the assignment and scheduling problem, however the number of
variables of the model increases as the size of the instances increase. For instance, in the largest instance
considered, 400P-16S-2S, there are 1,094,038 constraints and 1,085,524 variables which subsequently

increased the solution time.

Table 9 Computational Results for 18 Instances of the problem Considered : Optimizing quality
with Cost (S1)

Best Objective MIP
Total Number of Function Relative Computational
Instance Constraint Variable Value Gap Time ()
25P-1N-1S 4554 4356 135866.295 0.0000% 0.23
50P-2N-1S 17804 17359 76899.07077 0.0100% 65.68
60P-3N-1S 31909 31212 96511.21558 0.0098% 162.85
75P-3N-1S 39754 39012 47601.67974 0.0100% 133.63
85P-4N-1S 59949 58920 104893.8721 0.0037% 158.78
100P-4N-1S 70404 69315 59394.36 0.0000% 1.45
120P-5N-1S 104374 103073 10149720.4 0.0083% 69.72
135P-6N-1S 139855 138210 20094353.64 0.0027% 79.83
150P-6N-1S 155530 153795 20007252.49 0.0005% 6.27
168P-7N-1S 203368 201218 20092858.05 0.0041% 150.84
175P-7N-1S 211901 209702 20080624.76 0.0046% 27.25
180P-8N-1S 249112 246559 20105590.62 0.0037% 560.04
190P-8N-1S 263042 260409 20087037.87 0.0059% 40.62
200P-8N-1S 276972 274259 19971803.16 0.0100% 12.18
250P-10N-2S 426254 422403 60212796.01 0.0023% 97.52
300P-12N-2S 615904 610683 60040254.34 0.0024% 271.46
350P-14N-2S 835482 828719 79990917.19 0.0000% 86.36
400P-16-2S 1094038 1085524 80298097.57 0.0025% 896.26

Figure 13 depicts a plot of the computational times (seconds) for 18 instances of the problem considered.
The results obtained from the computational experiments suggest that a near optimal feasible solution can
be obtained in a computational time of less than one hour. The average computational time of all the

instances considered is 156.72 seconds.
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Figure 13 Computational Times (seconds) for 18 Instances of the Problem Considered

Exploration of Strategy Two (S2) and Strategy Three (S3)

To further explore the model, two different schemes were also investigated based on the importance of the
objective functions: in strategy two (S2), the objective was to maximize only quality by adding up all the
assignments and scheduled visits performed by nurses to patients during the horizon planning period. In
strategy three (S3), the objective was to minimize only costs by adding up the total cost of the HV
deployment process for one full year of the horizon planning period. Table 10 provides a summary of the
computational results for both schemes. Table 10 compares the best objective values obtained and the
computational times for S2 and S3. The MIP relative gaps are also reported. The best objective values for
S3 are significantly lower than that of S2 as the objective only focused on minimizing only cost. For
instance, in the first instance, the total cost of the S2 is 12% more than that of S3. This pattern is similar for
all the 18 instances of the problem considered. Figure 14 shows a comparison of the computational times
for S1, S2 and S3. The computational times for optimizing S1 are significantly lower when compared with
both S2 and S2.
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Table 10 Computational Results for Optimization of Strategy Two (S2) and Strategy Three (S3)

Optimizing Quality Optimizing
Cost
Instance Non Optimized MIP Computational Optimized MIP Relative ~ Computation
Cost Relative Time (s) Cost GAP al Time (s)
GAP
25P-1N-1S $ 210,109.30 0.0000% 20.51 $ 185,831.30 0.0000% 35.51
50P-2N-1S $ 319,122.74  0.0001% 84.86 $ 276,452.74 0.0000% 90.36
60P-3N-1S $ 408,510.63  0.0083% 231.71 $ 357,850.63 0.0109% 227.71
75P-3N-1S $ 419,913.42  0.0027% 219.49 $ 381,956.42 0.0111% 205.99
85P-4N-1S $ 512,143.79  0.0005% 261.64 $  465,130.79 0.0235% 238.64
100P-4N-1S $ 525,211.36 0.0027% 231.39 $  469,295.36 0.0011% 198.89
120P-5N-1S $ 647,532.20  0.0098% 206.58 $ 557,521.20 0.0095% 164.58
135P-6N-1S $ 762,535.84 0.0100% 233.69 $ 662,513.84 1.0020% 182.19
150P-6N-1S $ 739,332.50 0.0037% 268.19 $ 650,352.50 0.0500% 207.19
168P-7N-1S $ 881,653.46 0.0049% 338.7 $ 793,893.46 0.0052% 268.2
175P-7N-1S $ 875,789.76 0.0030% 232.11 $ 769,878.76 0.2530% 152.11
180P-8N-1S $ 989,310.20 0.0083% 781.9 $  848,280.20 1.1437% 692.4
190P-8N-1S $ 987,804.66 0.0003% 279.48 $ 878,851.66 1.6200% 180.48
200P-8N-1S $937,904.75 0.0005% 268.04 $ 813,919.75 1.7900% 159.54
250P-10N-2S | $ 1,307,969.45 0.0005% 370.38 $ 1,200,918.45 2.0500% 252.38
300P-12N-2S | $ 1,453,377.64 0.0041% 420.86 $ 1,299,871.64 2.1100% 325.32
350P-14N-2S | $ 1,694,870.53 0.0046% 393.22 $ 1,474,361.53 1.3600% 256.22
400P-16-2S $ 2,189,861.58 0.0337% 1173.86 $ 1,869,839.58 2.6300% 1027.36
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CHAPTER VI

ANALYSIS OF RESULTS AND MODEL VALIDATION
The purpose of this chapter is to analyze the results of the model’s computation and validate it with real
data currently being used by the NFP HV. For simplicity the results of strategy one is explained in this
section, and explanation for all three strategies presented in the model validation section.
Lastly, a sensitivity analysis is conducted on nurses’ years of experience in working in the field to the
variation of nurse to patient quality match and costs of care. This aids in studying the influence of the nurse
working experience on the scheduling and patient match decision. Table 11 provides a summary of the
instances of strategy one with the percentage of quality assignments obtained, the average visit per patient,
the optimized cost of the plan generated for each instance as well as optimality gaps.

Table 11 Results of Quality Match and Optimized Cost for 18 Instances of S1

Average
% of Quality | Visit Per MIP Relative
Instance Match Patient Optimized Cost Gap
25P-1N-1S 92% 50.80 $ 209,886.30 0.0000%
50P-2N-1S 82% 51.72 $ 316,452.74 0.0100%
60P-3N-1S 78% 55.07 $ 407,850.63 0.0098%
75P-3N-1S 67% 49.33 $ 421,956.42 0.0100%
85P-4N-1S 66% 52.95 $ 515,157.79 0.0037%
100P-4N-1S 57% 50.41 $ 507,235.36 0.0000%
120P-5N-1S 57% 51.55 $ 657,536.20 0.0083%
135P-6N-1S 42% 52.98 $ 752,508.84 0.0027%
150P-6N-1S 38% 51.42 $ 710,352.50 0.0005%
168P-7N-1S 36% 52.89 $ 893,663.46 0.0041%
175P-7N-1S 33% 52.12 $ 900,780.76 0.0046%
180P-8N-1S 33% 52.78 $ 989,280.20 0.0037%
190P-8N-1S 44% 52.35 $ 1,003,804.66 0.0059%
200P-8N-1S 30% 50.81 $ 903,904.75 0.0100%
250P-10N-2S 24% 51.89 $ 1,357,969.45 0.0023%
300P-12N-2S 19% 50.52 $ 1,373,363.64 0.0024%
350P-14N-2S 15% 50.83 $ 1,574,870.53 0.0000%
400P-16-2S 15% 52.14 $ 2,069,861.58 0.0025%

The results of the 18 instances ranging from 25 to 400 patients shows that the percentage of quality match

decreases as the instances increase. A quality match is when we have the right nurse with the preferred

skill, right education level and most years of experience matched with the right patient need. The average
68



visit per patient for all the 18 instances is 52 visits. As expected, the optimized total cost increases with the
increase in instances except for instances 100P-4N-1S, 150P-6N-1S and 200P-8N-1S that drops slightly.
This is due to the distances related to the patients geographic locations assigned to the nurses, which results
in a decrease in the travel cost and hence the total cost.

Figure 15 portrays the observed behavior of the cost and the result of optimizing the total deployment cost
while maintaining the quality of matching at its maximum level (S1). The larger the instance, the more
significant the impact was on cost savings. As seen in the plot, significant cost savings are obtained when
compared with the actual NFP operating cost.
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Figure 15 Observed Behavior of Optimized Cost

Table 12 reports a sample output for 10 patients for an instance of 100P-4N-1S. Patient ID’s are the
identifications of the different patients, nurse ID’s are the identifications of the nurses assigned to the
patients. The column called compatibility is binary and 1 means that the patient-nurse match is compatible,
and hence a quality match counted under the column “quality”. The last column shows the optimized
transportation cost for the entire planning horizon per patient based on their geographic locations and zone
allocations.
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Table 12 Sample Output of Key Performance Indicators

Patient ID

Nurse ID

Compatibility

Quality

Transportation
Cost

1

1

1

1

348.04

701.73

305.1

1245.825

1093.275

610.2

381.375

610.2

O N[oc|o|bdwWw|IN

686.475

=
o

S

S

Rk R Rk ke

381.375

Table 13 shows a sample schedule and assignment output for instance 100P-4N-1S and represents the 10

patient’s wall calendar. The first row is the weeks in the horizon planning period. The first column shows

the list of patient 1 to patient 10; and for example, the first row is interpreted as; patient 1 who resides in

zone 1 with need related to “crime” (C), is served by nurse with ID 1 who is skilled in handling issues

related to “C”, is a certified nursing assistant (CNA) and has one year of experience. This patient enrolled

in the first week of the horizon planning period and from the data input it is known that this patient is 15

weeks pregnant.

Table 13 Patient Wall Calendar Schedule and Nurse Assignments
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Model Validation
This section describes the model’s validation and evaluation of its effectiveness. The developed model is
applied to a real life HV deployment process with data from the NFP NSO in an effort to estimate the cost
savings, benefits and quality of assignment that would result from the adoption of the proposed planning
model. Results of the models computation are compared with the historical data and current operating
budget of the NFP process for 18 instances. The cost savings as well as percentage of quality matching for
each instance is calculated and shown in Table 14 for S1. For this comparison, 8 components of the cost
are used which comprise supervisor and nurse home visitor salaries, computer and software cost, cost of
cellular phone and phone usage per nurse, medical and program supplies per nurse, professional
development cost per nurse, cost of travel mileage per nurse (considering an average of 20 trips per family
per year at a cost of $0.565 per mile), nurse and supervisor initial education tuition, nurse education
materials, and the cost of travel to education unit. Cost related to data entry/support persons and

administrators, computer network fees, NFP set up fees and educational materials are not included.

Table 14 Results of Strategy One (S1) and NFP Cost for 18 Instances

% of Quality Cost

Instance Match Optimized Cost NFP Cost Savings
25P-1N-1S 92% $ 209,886.30 $ 215,078.12 2.47%
50P-2N-1S 82% $ 316,452.74 $ 326,909.36 3.30%
60P-3N-1S 78% $ 407,850.63 $  425,224.90 4.26%
75P-3N-1S 67% $  421,956.42 $ 435,305.40 3.16%
85P-4N-1S 66% $ 515157.79 $ 537,955.98 4.43%
100P-4N-1S 57% $ 507,235.36 $ 546,571.64 7.76%
120P-5N-1S 57% $ 657,536.20 $ 675,759.68 2.77%
135P-6N-1S 42% $ 752,508.84 $ 776,440.08 3.18%
150P-6N-1S 38% $ 710,352.50 $ 771,134.39 8.56%
168P-7N-1S 36% $ 893,663.46 $ 914,221.38 2.30%
175P-7N-1S 33% $ 900,780.76 $ 910,795.81 1.11%
180P-8N-1S 33% $ 989,280.20 $ 1,029,365.90 4.05%
190P-8N-1S 44% $ 1,003,804.66 $ 1,027,208.74 2.33%
200P-8N-1S 30% $ 903,904.75 $ 987,368.82 9.23%
250P-10N-2S 24% $ 1,357,969.45 $ 1,395,966.79 2.80%
300P-12N-2S 19% $ 1,373,363.64 $ 1,536,153.90 11.85%
350P-14N-2S 15% $ 1,574,870.53 $ 1,810,154.94 14.94%
400P-16-2S 15% $ 2,069,861.58 $ 2,335,122.80 12.82%
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Figure 16 depicts a comparison of the optimized cost of the plan generated for each instance with the actual
cost of the NFP HV for the 18 instances used. Significant cost savings can be realized for all the instances,
proving the effectiveness of the model in saving cost and at the same time enhancing the quality of treatment
with the maximization of quality of patient-nurse matching.

$2,400,000

$2,100,000

$1,800,000

$1,500,000

$1,200,000
$900,000
$600,000 —
$300,000 ~ mm— - m—

S-

Cost

Instances

B Optimized Cost B NFP Cost
Figure 16 Comparison of Optimized Cost with NFP Cost

This dissertation also compares the results of S2 and S3 with the NFP cost, and finally presents a
comparison for all three strategies in the validation process in an attempt to confirm the model’s
effectiveness. Table 15 reports the results of S2 with the NFP cost and the realized cost savings as well as
percentage of quality patient to nurse match. Cost savings between 1% and 13% are obtained for the
different instances. Also high percentage of nurse patient quality match are realized in S2 since the objective
focused on maximizing quality matching between nurses and patients.

Table 16 reports the results of S3 with the NFP cost and the realized cost savings as well as percentage of
guality patient to nurse match. Cost savings between 12% and 20% are obtained for the different instances.
Compared to S2, S3 had lower percentage (s) of nurse patient quality match except for the first two instances
which had only one and two nurses.

Figure 17 illustrates the comparison of percentage of patient-nurse quality match for all schemes. “S2”

yielded higher number of patient-nurse quality match for all the instances considered. “S3” had the lowest
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Table 15 Comparison of Strategy Two (S2) with NFP Cost

Instance % of Quality Match | Non-Optimized Cost NFP Cost Cost Savings
25P-1N-1S 92.00% $ 210,109.30 $ 215,078.12 2.31%
50P-2N-1S 80.00% $ 319,122.74 $ 326,909.36 2.38%
60P-3N-1S 88.33% $ 408,510.63 $  425224.90 3.93%
75P-3N-1S 81.33% $ 419,913.42 $  435,305.40 3.54%
85P-4N-1S 85.88% $ 512,143.79 $ 537,955.98 4.80%
100P-4N-1S 88.00% $ 525,211.36 $ 546,571.64 3.91%
120P-5N-1S 80.83% $ 647,532.20 $ 675,759.68 4.18%
135P-6N-1S 91.11% $ 762,535.84 $  776,440.08 1.79%
150P-6N-1S 96.67% $ 739,332.50 $  771,134.39 4.12%
168P-7N-1S 92.26% $ 881,653.46 $ 914,221.38 3.56%
175P-7N-1S 96.57% $ 875,789.76 $  910,795.81 3.84%
180P-8N-1S 95.00% $ 989,310.20 $ 1,029,365.90 3.89%
190P-8N-1S 94.74% $ 987,804.66 $ 1,027,208.74 3.84%
200P-8N-1S 92.00% $937,904.75 $ 987,368.82 5.01%
250P-10N-2S 82.00% $ 1,307,969.45 $ 1,395,966.79 6.30%
300P-12N-2S 86.33% $ 1,453,377.64 $ 1,536,153.90 5.39%
350P-14N-2S 83.43% $ 1,694,870.53 $ 1,810,154.94 6.37%
400P-16-2S 82.25% $ 2,189,861.58 $ 2,335,122.80 6.22%

Table 16 Comparison of Strategy Three (S3) with NFP Cost
Instance % of Quality Match Optimized Cost NFP Cost Cost Savings
25P-1N-1S 92% $ 185,831.30 $ 215,078.12 14%
50P-2N-1S 58% $ 276,452.74 $ 326,909.36 15%
60P-3N-1S 18% $ 357,850.63 $  425,224.90 16%
75P-3N-1S 25% $ 381,956.42 $  435,305.40 12%
85P-4N-1S 26% $  465,130.79 $ 537,955.98 14%
100P-4N-1S 20% $  469,295.36 $ 546,571.64 14%
120P-5N-1S 19% $ 557,521.20 $ 675,759.68 17%
135P-6N-1S 18% $ 662,513.84 $ 776,440.08 15%
150P-6N-1S 21% $ 650,352.50 $ 771,134.39 16%
168P-7N-1S 11% $ 793,893.46 $ 914,221.38 13%
175P-7N-1S 15% $ 769,878.76 $ 910,795.81 15%
180P-8N-1S 13% $ 848,280.20 $ 1,029,365.90 18%
190P-8N-1S 15% $ 878,851.66 $ 1,027,208.74 14%
200P-8N-1S 15% $ 813,919.75 $ 987,368.82 18%
250P-10N-2S 10% $ 1,200,918.45 $ 1,395,966.79 14%
300P-12N-2S 17% $ 1,299,871.64 $ 1,536,153.90 15%
350P-14N-2S 21% $ 1,474,361.53 $ 1,810,154.94 19%
400P-16-2S 26% $ 1,869,839.58 $ 2,335,122.80 20%
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number of patient-nurse quality match for all the instances. Optimizing quality with cost resulted in
percentages of quality match values that were between the results obtained for S2 and S3. Figure 18
illustrates the comparison of cost for the instances considered under the different schemes. For all the
instances, the NFP cost was higher when compared with the model’s results. In essence, cost savings were
obtained for “S1”, “S2” and “S3”. The largest savings were obtained for “S3”, however this dissertation
recommends optimizing quality with cost simultaneously as this balances between the cost and quality

metrics.
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Figure 17 Percentage of Patient-Nurse Quality Match: S1, S2 and S3

The developed model has been successfully validated and could facilitate the planning process of follow
up programs by helping to highlight the best course of action when assigning nurses to patients. Most
importantly, the model improves the quality of treatment of infants in their homes after discharge from the
hospital, by maximizing the assignment of the right nurse with the right skill; nurse type (CNA, LPN, RN
or NP)); and years of experience, to the right patient with specific needs (C, HD, ME, PA), hence reducing
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the risk of treatment. Application of the model also benefits from significant cost savings as explained in

the previous sections.
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Figure 18 Comparison of Cost: S1, S2, S3 and NFP Cost

Sensitivity Analysis
The solution to the HV model presents the schedule, assignment match, and the sequence in which the visits
will occur with reference to the horizon planning period. The model also specifies the number of patients
assigned to each nurse and the estimated cost of care based on the solution and decisions presented. The
type of nurses’ education is critical to care and cannot be compromised, however, the quality of nurse to
patient match and cost could vary based on the years of experience of nurses; therefore, experiments are
performed on the sensitivity of quality match and cost to the assumed variations. The sensitivity analysis is
conducted on each of the 18 instances of strategy one where quality is optimized with cost. In the first
experiment, the model is simulated by giving the highest score to 3 years of experience followed by 4 years,
2 years and then 1 year of experience. This yields a combination matrix of nurse education and years of
experience for the model to select the highest score which represents the most experienced nurse in caring
for a particular patient need. The percentage of quality match and cost that results are then noted for each

experiment. In the second experiment, the model is simulated by giving the highest score to 2 years of
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experience followed by 4 years, 3 years and then 1 year of experience. The third experiment assigns the
highest score to 1 year of experience followed by 2 years, 4 years and then 3 years of experience.

Table 17 and Table 18 presents the results of the sensitivity analysis. Table 17 presents the results of
sensitivity analysis on nurse to patient quality match. The first columns of the table shows a list of the 18
instances considered. The second, third and fourth columns are the differences in percentage of nurse to
patient quality match when experiments 1, 2 and 3 are compared with the results of S1 respectively. For all
the experiments considered, there were no changes in quality realized in the first 6 instances. This is due to
the fact that the number of nurses and patients available are fewer in these cases. Thus there are 1 to 4
nurses available, and that at least one highly qualified nurse type and required skill are represented in each
case of the nurses available. For experiment 1, a decrease in quality is realized for all the instances from -
1.75% to -28.92%, except for instance 175P-7N-1S which had no change in quality match, and instance
200P-8N-1S which had a slight increase of 1.67% in quality. Similarly, in experiment 2, a decrease in
quality is realized for all the instances from -3.33% to -32.53%, except for instance150P-6N-1S which had
no change in quality match, and instances 135P-6N-1S and 175P-7N-1S which had slight increases in
guality of 1.26% and 3.45% respectively. In experiment 3, a decrease in quality is realized for all the
instances from -1.67% to -31.33%, except for instances 175P-7N-1S and 200P-8N-1S which had slight
increases of 1.72% and 2.33 % in quality respectively. It is interesting to note that the quality of nurse to
patient matches were significantly reduced for almost all the instances of the 3 experiments considered,
which signifies the importance of years of experience of nurses in the assignment for quality of care. The
experiment shows that years of experience impact quality significantly in the care process.

Table 18 presents the results of sensitivity analysis on cost savings. The first columns of the table shows a
list of the 18 instances considered. The second, third and fourth columns are the differences in percentage
of cost savings when experiments 1, 2 and 3 are compared with the results of S1 respectively. For
experiment 1, a decreased cost is realized for all the instances between -0.01% to -14.65%, except for
instances 50P-2N-1S and 120P-5N-1S which had no change in cost, and instances 60P-3N-1S, 100P-4N-
1S and 150P-6N-1S which had their cost increased slightly between 0.01% and 0.03%. Similarly, in
experiment 2, a decreased cost is realized for all the instances from -0.01% to -15.37%, except for instances
50P-2N-1S, 100P-4N-1S and 150P-6N-1S which had their cost increased slightly between 0.01% and
0.05%.

In experiment 3, a decreased cost is realized for all the instances from -0.02% to -13.30%, except for
instances 50P-2N-1S, 60P-3N-1S, 100P-4N-1S, 120P-5N-1S and 150P-6N-1S which had their cost
increased slightly between 0.01% and 0.07%. It is worth noting that both instances 100P-4N-1S and 150P-
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6N-1S had their cost increase slightly in each of the 3 experiments considered. The experiment also shows
that years of experience has an impact on cost for different scenarios of the care process.

In the experiments conducted, the increase or decrease in quality and cost are due to the type of patient
classes available in each instance, and also due to the geographic locations of patients being distant from
an assigned nurses’ zone; hence a nurse assignment being violated because the health needs of such patients
are not critical whereas any available nurse could care for their needs to avoid higher qualified nurses
traveling out of their zone. This contributes in confirming the studies by [208], [210] and [211].

Table 17 Sensitivity Analysis on Quality Match

Instances Experiment 1 Experiment 2 Experiment 3
25P-1N-1S 0 0 0
50P-2N-1S 0 0 0
60P-3N-1S 0 0 0
75P-3P-1S 0 0 0
85P-4N-1S 0 0 0

100P-4N-1S 0 0 0
120P-5N-1S -23.53% -20.59% -26.47%
135P-6N-1S -1.75% 1.26% -10.53%
150P-6N-1S -3.51% 0.00% -5.26%
168P-7N-1S -3.33% -6.67% -3.33%
175P-7N-1S 0.00% 3.45% 1.72%
180P-8N-1S -5.00% -5.00% -1.67%
190P-8N-1S -28.92% -32.53% -31.33%
200P-8N-1S 1.67% -3.33% 5.00%
250P-10N-2S -8.33% -8.33% -6.67%
300P-12N-2S -18.35% -11.32% -3.51%
350P-14N-2S -16.25% -17.85% 3.70%
400P-16-2S -23.90% -21.68% -8.47%
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Table 18 Sensitivity Analysis on Cost Savings

Instance Experiment 1 Experiment 2 Experiment 3
25P-1N-1S -0.01% -0.03% -0.02%
50P-2N-1S 0.00% 0.05% 0.07%
60P-3N-1S 0.01% -0.07% 0.03%
75P-3P-1S -0.03% -0.03% -0.03%
85P-4N-1S -0.03% -0.03% -0.04%

100P-4N-1S 0.03% 0.03% 0.01%
120P-5N-1S 0.00% -0.08% 0.01%
135P-6N-1S -0.11% -0.08% -0.09%
150P-6N-1S 0.03% 0.01% 0.01%
168P-7N-1S -0.10% -0.10% -0.10%
175P-7N-1S -0.03% -0.03% -0.06%
180P-8N-1S -0.11% -0.07% -0.06%
190P-8N-1S -0.11% -0.09% -0.09%
200P-8N-1S -13.30% -13.08% -13.30%
250P-10N-2S -4.55% -8.36% -3.00%
300P-12N-2S -14.65% -14.30% -5.00%
350P-14N-2S -5.09% -15.37% -2.89%
400P-16-2S -7.59% -11.65% -5.52%
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CHAPTER VII
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS
This chapter presents a summary of the dissertation, followed by conclusions and finally recommendations
for future research directions on this field.
Summary

This dissertation presents a novel development of an optimal model for infant home visitation programs.
Three topic areas are addressed: a comprehensive study and literature review to build a complete taxonomy
and databank for infant HV programs by classifications; a study and literature review on OR applications
to HHC, HC and HV; and finally, the development of a novel HVP model. In accomplishing these goals,
firstly, a literature review for the state of the art study on HHC, HC and HV, and also OR applications to
these have been presented with emphasis on care provided to patients in their domicile homes by nurses.
The dissertation then highlighted relevant contributions for this problem as well as identified various gaps
in these studies. A conceptual framework of the infant HV paradigm is proposed. Finally, a novel mixed
integer programming approach is introduced to model the problem which explores a variety of instances
and model’s solution characteristics. The model is tested on 18 instances and validated with the NFP HV

program for its effectiveness in saving cost and enhancement of treatment.

Conclusions
HV has been accepted as a promising strategy for infant intervention after birth in many developed countries
and continues to gain increasing recognition in the health sector. HV is a type of service-delivery model
that can be used to provide many different kinds of interventions to target participants. This suggests that it
can be modeled mathematically to yield a host of benefits. Several research efforts are required to contribute
to this field, and OR applications could play a pivotal role in the modeling process which incorporate cost
components and all targeted population as well as other complexities in an optimal way. Real life scenarios
and instances of the problem presented in literature are smaller as compared to the presented study. In the
HV scenarios, larger subsets of the population are involved and to be served by groups of nurses considering
various crucial program’s fidelity elements. Modeling and optimizing such situations calls for larger
computational times and extra sets of variables yielding complex formulations. This presents the potential
to predict how key performance indicators and relevant parameters affect the healthcare system’s
performance and economic viability in the field. Overall, such research efforts are of great interest to
researchers, health professionals, policy-makers who allocate resources, and to the general public who

provide those resources through the taxes they pay. This dissertation has presented an extensive and broad
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review of infant HV and OR application to HHC, HC and HV focusing on relevant research in the field.
Several aims are achieved which include; investigating whether mathematical methodologies have been
applied to specifically infant HV for effectiveness and cost efficiency, identification of the differences
between adult HHC/HC and infant HV, exploring and analyzing relevant state of-the-art OR application
literature on home care programs, stimulating research interest in this field, presenting a novel modeling

solution to the problem, validating the model as well as identifying fertile avenues for future research.

Future Research Directions in this Field

The HV paradigm and problem is still an emerging new problem which calls for several unexplored
modeling and solution approaches. Future research will be devoted to developing a graphic user interphase
(GUI) or web user interphase (WebUI) decision support tool based on the model to aid in planning,
scheduling and assignment. Additionally, the GUI or WebUI would integrate Google map to show patient’s
geographic locations in demarcated zones and aid in realizing the sequence of daily scheduled visits. This
would also comprises a data-management system and key performance analysis system in the results upon
running the model. Secondly, future efforts may include several unique and real life features of HV such as
adding more requirements and qualifications to the nurse skill matrix combination to enhance care for
patients. More efforts could also be devoted to exploring different solution approaches to disruption
management affecting larger subsets for quicker solution times and optimality. The model in this research
study was mainly developed using the Nurse Family Partnership program’s (NFP) deployment process
which proved to be the best infant home visiting program noted by its successes, replicability, and being
the strongest evidence-based program, among others. Future research efforts present great opportunities in
testing the models and methodologies with other HV programs such as the Healthy families America, Even
start, Early Start, Parents as Teachers and the Comprehensive Child Development Program, among others
which have major similarities with the NFP. The model also presents future prospects for testing on
programs for school-going infants such as the Perry Preschool Program, Chicago Child-Parent Centers’
program and Abecedarian Early Childhood Intervention, among others. Moreover, the current version of
the model represents the NFP HV program which has strict regulations and model fidelity elements that
NFP sites must adhere to, hence the implementation of several hard constraints. Future studies will focus
on implementation of various soft constraints and relaxation of the model’s restrictions to test other HV
programs. Lastly, future research may be devoted to experimenting and testing the approach developed for
infant HV in this study, and to test the extent to which it will work for adult HHC and HC.
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A.  Taxonomy and Categories of Infant Home Visitation Programs

Section A of the appendix contains a databank for HV studies classified into six categories according to the focus of study and research concentration,
namely; review (Table A.1l), cost benefit analysis (Table A.2), randomized trial experiments (Table A.3), effect/impact (Table A.4),

evaluation/comparison (Table A. 5, and general HV studies (Table A.6).

Table A.1 Taxonomy of Review studies/Papers

Type of Publication year Researcher (S) Reference
Study Type
Review  Journal 1982 Simeonsson et al. Simeonsson RJ, Cooper DH, Schemer AP. A review and analysis of the effectiveness of early
Studies (1982) intervention programs. Pediatrics. 1982;69:635-641
1985 White and Casto White, K., and Casto, G. An integrative review of early intervention efficacy studies with at-
(1985) risk children: Implications for the handicapped. Analysis and Intervention in Developmental
Disabilities (1985) 5:7-31.
1985 Combs et al. (1985) Combs-Orme T, Reis J, Ward LD. Effectiveness of home visits by public health nurses in
maternal and child health: an empirical review. Public Health Rep 1985;100:490-9.
1988 Heinicke etal. (1988) Heinicke C, Beckwith L, Thompson A. Early intervention in the family system: a framework
and review. Infant Mentl Health J. 1988;9:111-14
1990 Chapmanetal. (1990) Jean Chapman, Earl Siegel and Alan Cross, Home Visitors and Child Health: Analysis of
Selected Programs, 1990;85;1059 Pediatrics.
http://pediatrics.aappublications.org/content/85/6/1059
1993 Olds and Kitzman Olds, D.L. & Kitzman, H. (1993) Review of research on home visiting for pregnant
(1993) women and parents of young children. The Future of Children, 3(3), 53-92.
1996 Robert et al. (1996) Roberts, I., Kramer, M.S., & Suissa, S. (1996). Does home visiting prevent
childhood injury? A systematic review of randomized controlled trials. BMJ, 312,
29-33. Available at http://www.bmj.com/cgi/content/full/312/7022/29.
1996 Ciliska et al. (1996) Ciliska, D., Hayward, S., Mitchell, A., Thomas, H., Dobbins,M. and Underwood, J. 1996: A
systematic overview of the effectiveness of home visiting as a delivery strategy for public
health nursing interventions. Canadian Journal of Public Health 87, 193-98.
1997 Byrd (1997) Byrd, M. E. (1997). A typology of the potential outcomes of maternal-child home visits: a
literature analysis. Public Health Nursing 14: 3-11.
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Table A.1 Continued

Type of
Study

Publication
Type

year

Researcher (s)

Reference

Review
Studies

Journal

1999

2000

2000

2000

2000

2000

2001

2003

2003

Robinson (1999)

Elkan et al. (2000)

MacLeod and Nelson
(2000)

Kendrick et al. (2000)

Kendrick et al. (2000).

McNaughton (2000)

Ciliska et al. (2001)

Nelson et al. (2003)

Bakermans-
Kranenburg et al.
(2003)

Robinson, J. 1999. Domiciliary health visiting: a systematic review. Community Practitioner
72, 15-18.

Elkan, R., Kendrick, D., Hewitt, M., Robinson JJA., et al. (2000). The effectiveness of
domiciliary health visiting: A systematic review of international studies and a selective
review of the British literature. Health Technology Assessment, 4(13).

MacLeod, J., & Nelson, G. (2000) Programs for the promotion of family wellness and the
prevention of child maltreatment: A meta-analytic review. Child Abuse & Neglect, 24(9),
1127-1149.

Kendrick, D., Elkan, R., Hewitt, M., Dewey, M., et al. (2000) Does home visiting improve
parenting and the quality of the home environment? A systematic review and meta-analysis.
Arch Dis Child, 82, 443-451.

Kendrick, D., Hewitt, M., Dewey, M., Elkan, R., et al. (2000). The effect of home visiting
programmes on uptake of childhood immunization: A systematic review and meta-analysis.
Journal of Public Health Medicine, 22(1), 90-98.

McNaughton, D. B. (2000). A synthesis of qualitative home visiting research. Public Health
Nursing 17 (6): 405-14.

Ciliska, D., Mastrilli, P., Ploeg, J., Hayward, S., et al. (2001). The effectiveness of home
visiting as a delivery strategy for public health nursing interventions to clients in the prenatal
and postnatal period: A systematic review. Primary Health Care Research and Development,
2(1), 41-54. from web:
http://journals.cambridge.org/download.php?file=%2FPHC%2FPHC2_01%2FS14634236010
00068a.pdf&code=9ad72785950062775367dab8427fc72d

Nelson, G., Westhues, A., & MacLeod, J. (2003). A meta-analysis of longitudinal research on
preschool prevention programs for children. Prevention & Treatment,VVolume 6, Article 31,
posted December 18, 2003. Available at
http://journals.apa.org/prevention/volume6/pre0060031a.html.

Bakermans-Kranenburg, M. J., van ljzendoorn, M. H., & Juffer, F. (2003). Less is more:
Meta-analyses of sensitivity and attachment interventions in early childhood. Psychological
Bulletin, 129, 195-215.
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Table A.1 Continued

Type of  Publication year Researcher (s) Reference
Study Type
Review Journal 2004 Sweet and Appelbaum  Sweet, M.A., & Appelbaum, M.I. (2004) Is home visiting an effective strategy? A meta-
Studies (2004) analytic review of home visiting programs for families with young children. Child
Development, 75(5), 1435-1456.
2004 Hodnett and Roberts Hodnett, E.D., & Roberts, I. (2004). Home-based social support for socially disadvantaged
(2004). mothers (Cochrane Review). In: The Cochrane Library, Issue 3, 2004. Oxford.
2004 Sikorski et al. (2004) Sikorski, J., Renfrew, M.S., Pindoria, S., & Wade, A. (2004). Support for breastfeeding
mothers (Cochrane Review). In: The Cochrane Library, Issue 3, 2004. Oxford.
2004 Brown et al. (2004) Brown, S., Small, R., Faber, B., et al. (2004) Early postnatal discharge from hospital for
healthy mothers and term infants (Cochrane Review). In: The Cochrane Library, Issue, 3,
2004. Oxford: Update Software.
2004 Levitt et al (2004) Cheryl Levitt, MBBCh, CCFP, FCFP, Elizabeth Shaw, MD, CCFP, FCFP, Sharon Wong,
RD, MSc, Janusz Kaczorowski, PhD, Russ Springate, MD, CCFP, John Sellors, MD, CCFP,
MSc, Murray Enkin, MD, and the McMaster University Postpartum Research Group*,
Systematic Review of the Literature on Postpartum Care: Methodology and Literature Search
Results, Birth 31:3 September 2004.
2004 McNaughton (2004) McNaughton, D. B. (2004). Nurse home visits to maternal-child clients: A review of
intervention research. Public Health Nursing, 21, 207-219.
2005 Bilukha et al. (2005) Bilukha, Oleg, et al. "The Effectiveness of Early Childhood Home Visitation in Preventing
Violence: A Systematic Review." American Journal of Preventive Medicine, 2005: 11-39.
2006 Shaw et al. (2005) Systematic review of the literature on postpartum care: effectiveness of postpartum support to
improve maternal parenting, mental health, quality of life, and physical health. Shaw E,
Levitt C, Wong S, Kaczorowski J; McMaster University Postpartum Research Group.
Birth. 2006 Sep; 33(3):210-20. Review.
2007 Macdonald et al. Home-based support for disadvantaged teenage mothers. Macdonald G, Bennett C, Dennis J,
(2007) Coren E, Patterson J, Astin M, Abbott J. Cochrane Database Syst Rev. 2008 Jan
23;(1):CD006723. Review.
2007 Harding et al. (2007) Kathryn Harding and others, “Healthy Families America Effectiveness: A Comprehensive

Review of Outcomes,” Journal of Prevention and Intervention in the Community 34 (2007):
149-79.

105




Table A.1 Continued

Type of Publication year Researcher (S) Reference
Study Type
Review  Journal 2009 Reynolds et al. Arthur J. Reynolds, Lindsay C. Mathieson and James W. Topitzes, Do Early Childhood
Studies (2009) Interventions Prevent Child Maltreatment? : A Review of Research, Child Maltreat 2009 14:
182 originally published online 24 February 2009, DOI: 10.1177/1077559508326223
2010 Nievaretal. (2010) M. A. Nievar, L. A. Van Egeren, and S. Pollard, A Meta-Analysis Of Home Visiting Programs:
Moderators Of Improvements In Maternal Behavior Infant Mental Health Journal, Vol. 31(5),
499-520 (2010)
2011 Issel etal. (2011) Issel, M.L., et al., A review of prenatal home-visiting effectiveness for improving birth
outcomes. Journal of Obstetric, Gynecologic and Neonatal Nursing, 2011. 40: p. 157-165.
Reports 1974 Bronfenbrenner(197 Bronfenbrenner, Urie, A Report on Longitudinal Programs: Vol. 2. Is Early Intervention
4) Effective? Washington, D.C.: U.S. Government Printing Office, DHEW Publication Number
OHD 74-24, 1974,
1999 Wade et al. (1999) Wade, K., Cava, M., Douglas, C., Feldman, L. et al. (March 1999). A systematic review of the
effectiveness of peer/paraprofessional 1:1 interventions targeted toward mothers (parents) of 0-6
year old children in promoting positive maternal (parental) 50 and/or child
health/developmental outcomes. Effective Public Health Practice Project. Ontario Public Health
Research, Education & Development Program.
http://www.ephpp.ca/PDF/1999 Peer%20Para%201-1.pdf
2004 Bull etal. (2004) Bull, J., McCormick, G., Swann, C., Mulvihill, C. (February 2004). Ante- and postnatal home-
visiting programmes: a review of reviews. Health Development Agency, National Health
Service. http://194.83.94.67/uhtbin/cgisirsi.exe/1112044798/0/520/EBBD_Home_pdf _ft
2005 Gomby (2005) Gomby, Deanna S. Home Visitation in 2005: Outcomes for Children and Parents. Working
Paper, Sunnyvale: Committee for Economic Develoment; Invest in Kids Working Group,
2005.
2007 LPC Consulting LPC Consulting Associates, Inc., Home Visitation Best Practices: A Review Of The Literature
Associates, Inc. ,»Submitted to: Birth and Beyond ,May 2007
(2007)
2010 Brooks (2010) Brooks, Jade. A Comparative Analysis of Statewide Programs and Initatives to Improve
Perinatal and Maternal Health. Huntington: Center for Business and Economic Research, 2010.
Books 1990 Farran(1990). Farran, D. C (1990). Effects of Intervention with disadvantaged and disabled children: A decade

review. In S. J Meisels & J. P. Shonkoff (Eds.), Handbook of Early Childhood Intervention (pp.
501-539). New York: Cambridge Press.
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Table A.2 Taxonomy of Cost/cost benefit analysis studies

Type of  Publication  year Researcher(s) Reference
Study Type
Costand Journals
Benefit 1988 Barnett (1988) Barnett, W.S. Economic analysis as a tool for early intervention research. Journal of the
Analysis Division of Early Childhood (1988) 12,4:376-83.
Studies
1989 Affleck et al. Affleck, G., Tennen, H., Rowe, J., et al. (1989). Effects of formal support on mothers’ adaptation
(1989) to the hospital-to-home transition of high-risk infants: The benefits and costs of helping. Child
Development, 60(2), 488-501.
1993 Olds et al. Olds, D.L., Henderson, C.R., Phelps, C., et al. (1993) Effect of prenatal and infancy nurse home
(1993) visitation on government spending. Medical Care, 31(2), 155-174.
1993 Barnett (1993) Barnett, W. Steven, “Benefit-Cost Analysis of Preschool Education: Findings from a 25-Year
Follow-Up,” American Journal of Orthopsychiatry, Vol. 63, No. 4, 1993, pp. 500-508.
1993  Barnett Barnett WS. Economic evaluation of home visiting programs. The Future of Children.
(1993) 1993;33:93-112
1995  Vistnes and Vistnes, J. P., & Hamilton, V. (1995). The time and monetary costs of outpatient care for children.
Hamilton The American Economic Review, 85, 117-121.
(1995)
2004 Paul et al. Ian M. Paul, MD, MSc*§; Troy A. Phillips, MHA§; Mark D. Widome, MD, MPH*; and
(2004) Christopher S. Hollenbeak, PhD,Cost-Effectiveness of Postnatal Home Nursing Visits for
Prevention of Hospital Care for Jaundice and Dehydration, Pediatrics 2004;114:1015-1022;
d0i:10.1542/peds.2003-0766-L
2009 Marcela et al. Marcela Aracena, Mariane Krause, Carola Pérez, Maria Jesis Méndez, Loreto Salvatierra,
(2009) Mauricio Soto, Tomas Pantoja, Sandra Navarro, Alejandra Salinas, A Cost-Effectiveness
Evaluation Of A Home Visit Program For Adolescent Mothers, Journal Of Health Psychology,
2009, Vol 14(7) 878-887, Doi: 10.1177/1359105309340988
2010 Oldsetal. Olds DL, Kitzman HJ, Cole RE, Hanks CA, Arcoleo KJ, Anson EA, Luckey DW, Knudtson MD,
(2010) Henderson CR Jr, Bondy J, Stevenson AJ.,Enduring effects of prenatal and infancy home visiting
by nurses on maternal life course and government spending: follow-up of a randomized trial
among children at age 12 years. Arch Pediatr Adolesc Med. 2010 May;164(5):419-24.
Reports 1996 Greenwood et  Greenwood, Peter W., Karyn E. Model, C. Peter Rydell, and James Chiesa, Diverting Children

al. (1996)

from a Life of Crime: Measuring Costs and Benefits, Santa Monica, Calif.. RAND, MR-699-
UCB/RC/F, 1996.
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Type of  Publication year Researcher(s) Reference
Study Type
Costand Reports 1997 Paul et al. lan M. Paul, MD, MSc; Troy A. Phillips, MHA; Mark D. Widome, MD, MPH; and Christopher S.
Benefit (1997) Hollenbeak, PhD, Cost-Effectiveness of Postnatal Home Nursing Visits for Prevention of Hospital
Analysis Care for Jaundice and Dehydration Figueroa E. California State Assembly. Assembly Bill No. 38:
Studies Chapter 389. Newborns’ and Mothers’ Act of 1997. August 26, 1997
1998 Karoly et al. Karoly, L.A., Greenwood, P.W., Everingham, S.S., Hoube, J., Kilburn, M.R., Rydell, C.P., et al.
(1998) (1998). Investing in our children: What we know and don’t know about the costs and benefits of
early childhood interventions. Santa Monica, CA: The RAND Corporation.
1998 Division of Division of Science. "Maternal and Child Health Services Economics in MCH." In A Review of
Science. Descriptive Costs Studies and Economic Evaluations of MCH Interventions. MCH Bureau,
(1998) HRSA, 1998.
2000 Montgomery Montgomery, D., Phillips, G., Merickel, A. (September 29, 2000). Home visiting programs:
etal. Varying costs and elusive effects. Report submitted to The David and Lucile Packard Foundation.
(2000) Palo Alto, CA: American Institutes for Research.
2001 AosSetal. Aos S, Phipps P, Barnoski R, Leib R. (2001). The comparative costs and benefits of programs to
(2001) reduce crime. Version 4.0. Washington State Institute for Public Policy, May, 2001.
2001 Karoly etal. Karoly, Lynn A., M. Rebecca Kilburn, James H. Bigelow, Jonathan P. Caulkins, and Jill Cannon,
(2001) Assessing Costs and Benefits of Early Childhood Intervention Programs: Overview and
Application to the Starting Early Starting Smart Program, Santa Monica, Calif.. RAND
Corporation, MR-1336-CFP, 2001.
2002 VanLandeghe  VanLandeghem, Karen. The Benefits and Financing of Home Visiting Programs, Issue Brief.
m (2002) Washington, DC: National Governer's Association Center for Best Practices, 2002.
2004 Glazner et al. Glazner, J., Bondy, J., Luckey, D., & Olds, D. Effect of the Nurse Family Partnership on
(2004) government expenditures for vulnerable first-time mothers and their children in Elmira, New
York, Memphis, Tennessee, and Denver, Colorado. Final Report to the Administration for
Children and Families.
www.acf.hhs.gov/programs/opre/welfare_employ/economic_analysis/reports/eff
ect_nursefam/effect_nursefam.pdf
2004 Aosetal. Aos, S., Lieb, R., Mayfield, J., Miller, M., Pennucci, A. (2004). Benefits and costs of prevention
(2004) and early intervention programs for youth. Olympia: Washington State Institute for Public

Policy.Olympia, WA, 2004. www.wsipp.wa.gov/rptfiles/04-07-3901.pdf. Accessed 03/22/2012.
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Type of  Publication  year Researcher(s) Reference
Study Type
Costand Reports 2005 Kentetal. Kent, Calvin et al. The Economic Impact of Early Child Development Programs in West Virginia.
Benefit (2005) Huntington: Center for Business and Economic Research, 2005.
Analysis 2005 Karoly et al. Karoly LA, Kilburn RM, Cannon JS. Early Childhood Interventions Proven Results, Future
Studies (2005) Promises. The RAND Corporation. Santa Monica, CA, 2005.
www.rand.org/pubs/monographs/MG341/. Accessed 03/22/2012.
2007 Isaacs (2007) Isaacs, JB. Cost-effective Investments in Children.Budgeting for National Priorities, Washington,
DC: Brookings Institution; 2007
http://www.brookings.edu/~/media/research/files/papers/2007/1/01childrenfamilies%20isaacs/01c
hildrenfamilies_isaacs.pdf
2008 Leecetal. Stephanie Lee, Steve Aos, and Marna Miller. (2008). Evidence-based programs to prevent
(2008) children from entering and remaining in the child welfare system: Benefits and costs for
Washington. Olympia: Washington State Institute for Public Policy, Document No. 08-07-3901.
2009 Bartik and Bartik, T. J., & W. E. Upjohn Institute for Employment Research. (2009). Distributional effects of
Upjohn (2009)  early childhood programs and business incentives and their implications for policy. Upjohn
Institute staff working paper no. 09-151. Kalamazoo, MI: W. E. Upjohn Institute.
2012 Leecetal. Lee, S., Aos, S., Drake, E., Pennucci, A., Miller, M., & Anderson, L. (2012). Return on
(2012) investment: Evidence-based options to improve statewide outcomes, April 2012 (Document No.
12-04-1201). Olympia: Washington State Institute for Public Policy.
Conference 2009 Boonstra (2009) Boonstra H. Home visiting for at-risk families: a primer on a major Obama administration
proceedings initiative. Guttmacher Policy Rev. 2009; 12(3):11-15.
Books 1990 Barnett and Barnett, W. Steven, and Collette M. Escobar, “Economic Costs and Benefits of Early
Escobar Intervention,” Handbook of Early Childhood Intervention, Samuel J. Meisels and Jack P.
(1990) Shonkoff, eds., New York: Cambridge University Press, 1990, pp. 560-582.
1992 Harkavy and Harkavy, O., and Bond, J.T. Program operations: Time allocation and cost analysis. In Fair
Bond (1992) start for children: Lessons learned from seven demonstration projects. M. Larner, R.
Halpern,and
O. Harkavy, eds. New Haven, CT: Yale University Press, 1992, pp. 198-217.
2002 Masse and Masse, Leonard N., and W. Steven Barnett, “A Benefit-Cost Analysis of the Abecedarian Early
Barnett (2002)  Childhood Intervention,” in Henry M. Levin and Patrick J. McEwan, eds., Cost-Effectiveness and

Educational Policy, Larchmont, N.Y.: Eye on Education, Inc., 2002, pp. 157-173.
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Table A.3 Taxonomy of Randomized Trial Studies

Type of  Publication year Researcher(s) Reference
Study Type
Random  Journals 1986 Oldsetal. (1986) Olds, D. L., Henderson Jr., C. R., Tatelbaum, R., & Chamberlin, R. (1986). Improving the delivery
Trial of prenatal care and outcomes of pregnancy: A randomized trial of nurse home visitation.
Studies Pediatrics, 77(1), 16-28.
1986 Oldsetal. (1986)  Olds, David L., Charles R. Henderson, Jr., Robert Chamberlin, and Robert Tatelbaum, “Preventing
Child Abuse and Neglect: A Randomized Trial of Nurse Home Visitation,” Pediatrics, Vol. 78, No.
1, 1986, pp. 65-78.
1986 Brooten et al. Brooten, D., Kumar, S., Brown, L. P., Butts, P., Finkler, S. A., Bakewell-Sachs, S., Gibbons, A.
(1986) and Delivoria-Papdopoulos, M. 1986: A randomized clinical trial of early hospital discharge and
home follow-up of very-low-birth-weight infants. New England Journal of Medicine 315, 934-39.
1988 Oldsetal. (1988) D L Olds, C R Henderson, Jr, R Tatelbaum, R Chamberlin,Improving the Life-Course
Development of Socially Disadvantaged Mothers: A Randomized Trial of Nurse Home Visitation,”
American Journal of Public Health, VVol. 78, No. 11, 1988, pp. 1436-1445.
1990 Wasik et al. Wasik, B.H., Ramey, C.T., Bryant, D.M., & Sparling, J.J. A longitudinal study of two early
(1990) intervention strategies: Project CARE. Child Development (1990) 61: 1682-96
1990 Infant Healthand  Infant Health and Development Program (1990). Enhancing the outcomes of low-birth weight,
Development premature infants: A multisite, randomized trial: The Infant Health and Development Program.
Program (1990) Journal of the American Medical Association, 263(22), 3035-3042.
1991 Bryceetal. (1991) Bryce, R.L., Stanley, F.J., and Gamer, J.B. Randomized controlled trial of antenatal social support
to prevent preterm birth. British Journal of Obstetrics and Gynaecology (1991) 98:1001-1008.
1992 McLaughlinetal.  McLaughlin, F.J., Altemeier, W.A., Christensen, M.J., Sherrod, K.B., Dietrich, M.S., & Stern,
(1992) D.T. (1992). Randomized trial of comprehensive prenatal care for low-income women:
Effect on infant birth weight. Pediatrics, 89(1), 128-132.
1993 Casiro et al. Casiro, O.G., McKenzie, M.E., McFadyen, L., Shapiro, C., et al. (1993) Earlier discharge with
(1993) community-based intervention for low birth weight infants: a randomized trial. Pediatrics, 92(1),
128-134;
1993 Johnson et al Johnson Z, Howell F, Molloy B. Community mother's programme: a randomized controlled trial of

1994

(1993)

Marcenko and
Spence (1994)

non-professional intervention in parenting. BMJ 1993;306:1449-52.

Marcenko MO, Spence M. Home visitation services for at-risk pregnant and postpartum women: a
randomized trial. Am J7 Orthopsychiatny 1994; 64:468-78.
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Type of  Publication year Researcher(s) Reference

Study Type

Random Journals 1995 Black etal. (1995) Maureen M. Black, Howard Dubowitz, Jacqueline Hutcheson, Julie Berenson-Howard and

Trial Raymond H. Starr, Jr, A Randomized Clinical Trial of Home Intervention for Children With

Studies Failure to Thrive, Pediatrics, 1995;95;807, http://pediatrics.aappublications.org/content/95/6/807
1997 Oldsetal. (1997). Olds, D.L., Eckenrode, J., Henderson, C.R., et al. (1997). Long-term effects of home visitation on

1997

1997

1998

1998

1998

1998

Kitzman et al.
(1997)

York et al. (1997)

Schuster et al.
(1998)

Bolam et al.
(1998)

Robinson et al.
(1998)

Olds et al. (1998)

maternal life course and child abuse and neglect: Fifteen-year follow-up of a randomized trial.
JAMA, 278(8), 637-643.

Kitzman, H., Olds, D.L., Henderson, Jr., C.R., Hanks, C., Cole, R., Tatelbaum, R., et al. (1997).
Effects of prenatal and infancy home visitation by nurses on pregnancy outcomes, childhood
injuries, and repeated childbearing: A randomized controlled trial. The Journal of the American
Medical Association, 278, 644-652.

York, R., Brown, L. P., Samuels, P., Finkler, S. A., Jacobsen, B., Persely, C. A., Swank, A. and
Robbins, D. 1997: A randomized trial of early discharge and nurse specialist transitional follow-up
care of high-risk childbearing women. Nursing Research 46, 254-61.

Mark A. Schuster, MD, PhD. David L. Wood, MD, MPH; Naihua Duan, PhD; Rebecca M. Mazel,
MA,; Cathy D. Sherbourne, PhD; and Neal Halfon, MD, MPHi, Utilization of Well-child Care
Services for African-American Infants in a Low-income Community: Results of a Randomized,
Controlled Case Management/Home Visitation Intervention, PEDIATRICS Vol. 101 No. 6 June
1998

Bolam, A., Manandhar, D.S., Shrestha, P., Ellis, M., & Costello, A.M. (1998). The effects of
postnatal health education for mothers on infant care and family planning practices in Nepal: A
randomized controlled trial. British Medical Journal, 316(7134), 805-811.

Robinson, M., Israel, C., Parker, D., Lawrence, E., Smith, J., Dolby, S., Ring, W., Russell, G.,
Briscoe, J., Berry, J., House, A., Sawyer, J., Fry, K., Mercier, C., Hobday, A., Emond, A.,
Ravenhill, D. and Marlow, N. 1998: Randomized trial of parental support for families with very
preterm children. Archives of Disease in Childhood: Fetal and Neonatal Edition 79, F4-F11.

David Olds, Charles Henderson, Jr., Harriet Kitzman, John Eckenrode, Robert Cole, Robert
Tatelbaum, The Promise Of Home Visitation: Results Of Two Randomized Trials, Journal Of
Community Psychology, Vol. 26, No. 1, 5-21 (1998)
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Type of  Publication year Researcher(s) Reference
Study Type
Random Journals 1999 Raynor et al Raynor, P., Rudolf, M.C.J., Cooper, K., et al. (1999) A randomized controlled trial of specialist
Trial (1999) health visitor intervention for failure to thrive. Arch Dis Child, 80, 500-506.
Studies
1999 Korfmacher et al. Korfmacher, J., O’Brien, R., Hiatt, S., & Olds, D. (1999) Differences in program implementation

1999

2000

2000

2000

2001

2001

2001

(1999)

Armstrong et al.
(1999)

Lieu et al (2000)

Kitzman et al.
(2000)

Fraser et al.
(2000)

Escobar et al.
(2001)

Brooten et al.
(2001)

Constantino et al.

(2001)

between nurses and paraprofessionals providing home visits during pregnancy and infancy: A
randomized trial. American Journal of Public Health, 89(12), 1847-1851.

A randomized, controlled trial of nurse home visiting to vulnerable families with newborns.
Armstrong KL, Fraser JA, Dadds MR, Morris J. J Paediatr Child Health. 1999 Jun;35(3):237-44.

Tracy A. Lieu, MD, MPH; Paula A. Braveman, MD, MPH; Gabriel J. Escobar, MD; Allen F.
Fischer, MD; Nancy G. Jensvold, MPH; and Angela M. Capra, MA, A Randomized Comparison of
Home and Clinic Follow-Up Visits After Early Postpartum Hospital Discharge, PEDIATRICS Vol.
105 No. 5 May 2000: 1058-1065

Enduring effects of nurse home visitation on maternal life course: a 3-year follow-up of a
randomized trial. Kitzman H, Olds DL, Sidora K, Henderson CR Jr, Hanks C, Cole R, Luckey
DW, Bondy J, Cole K, Glazner J. JAMA. 2000 Apr 19; 283(15):1983-9.

Home visiting intervention for vulnerable families with newborns: follow-up results of a
randomized controlled trial. Fraser JA, Armstrong KL, Morris JP, Dadds MR. Child Abuse Negl.
2000 Nov; 24(11):1399-429.

Escobar, G.J., Braveman, P.A., Ackerson, L., et al. (2001). A randomized comparison of home
visits and hospital-based group follow-up visits after early postpartum discharge. Pediatrics, 108,
719-727

Brooten D, Youngblut JM, Brown L, Finkler SA, Neff DF, Madigan E., A randomized trial of
nurse specialist home care for women with high-risk pregnancies: outcomes and costs. Am J
Manag Care. 2001 Aug;7(8):793-803. Erratum in: Am J Manag Care 2001 Sep;7(9):855.

Constantino JN, Hasemi, N, Solis E, Alon T, Haley S, McClure S, Nordlicht N, Constantino MA,
Elmen J, Carlson VK. Supplementation of urban home visitation with a series of group meetings
for parents and infants: results of a “real world” randomized, controlled trial. Child Abuse and
Neglect 2001; 25(12):1571-1581.
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Type of  Publication year Researcher(s) Reference
Study Type
Random Journals 2002 Tsitoura et al. Tsitoura, S., Nestoridou, K., Botis, P., et al. (2002). Randomized trial to prevent sensitization to
Trial (2002). mite allergens in toddlers and preschoolers by allergen reduction and education. Arch Pediatr
Studies Adolesc Med, 156, 1021-1027.
2002 Oldsetal. (2002) Olds, D.L., Robinson, J., O’Brien, R., Luckey, D.W., et al. (2002) Home visiting by
paraprofessionals and by nurses: A randomized, controlled trial. Pediatrics, 110(3), 486-496.
2002 Olds (2002) Olds, D.L. (2002) Prenatal and infancy home visiting by nurses: From randomized trials to
community replication. Prevention Science, 3(3), 153-172.
2002 Barnetetal. Barnet, B., Duggan, A.K., Devoe, M., et al. (2002). The effect of volunteer home visitation for
(2002). adolescent mothers on parenting and mental health outcomes: A randomized trial. Arch Pediatr
Adolesc Med, 156, 1216-1222.
2002 Gagnon et al Gagnon AJ, Dougherty G, Jimenez V, Leduc N., Pediatrics. 2002 Jun; 109(6):1074-80.
(2002) Randomized trial of postpartum care after hospital discharge.
2002 Gielenetal. Effects of improved access to safety counseling, products, and home visits on parents' safety
(2002) practices: results of a randomized trial. Gielen AC, McDonald EM, Wilson ME, Hwang WT,
Serwint JR, Andrews JS, Wang MC. Arch Pediatr Adolesc Med. 2002 Jan;156(1):33-40.
2003 Gardner et al Gardner, J.M., Walker, S.P. Powell, C.A. et al. (2003). A randomized controlled trial of a home-
(2003) visiting intervention on cognition and behavior in term low birth weight infants. Journal of
Pediatrics, 143, 634-639.
2004 Duggan et al. Duggan, A., McFarlane, E., Fuddy, L., Burrell, L, et al. (2004) Randomized trial of a statewide
(2004) home visiting program: impact in preventing child abuse and neglect. Child Abuse & Neglect, 28,
597-622.
2004 Duggan et al. Duggan, A., Fuddy, L., Burrell, L., Higman, S.M., et al. (2004). Randomized trial of a statewide
(2004). home visiting program: impact in reducing parental risk factors. Child Abuse & Neglect, 28, 623-
643.
2004 Oldsetal. (2004)  Olds, D. L., Robinson, J., Pettitt, L., Luckey, D. W., Holmberg, J., Ng, R. K., et al. (2004). Effects

of home visits by paraprofessionals and by nurses: Age 4 follow-up results of a randomized trial.
Pediatrics, 114(6), 1560-1568.
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Type of  Publication year Researcher(s) Reference
Study Type
Random Journals 2004  Anisfeld et al. Anisfeld, E., Sandy, J. & Gutterman, N. (2004). Best beginnings: A randomized controlled trial of
Trial (2004) a paraprofessional home visiting program. Retrieved April 2007 from
Studies http://www.healthyfamiliesamerica.org/downloads/eval_NY_bb_2004.pdf
2004 Boulvain et al. Home-based versus hospital-based postnatal care: a randomised trial. Boulvain M, Perneger TV,
(2004) Othenin-Girard V, Petrou S, Berner M, Irion O. BJOG. 2004 Aug;111(8):807-13.
2005 Klinnert et al. Klinnert, M.D., Liu, A.H., Pearson, M.R., et al. (2005). Short-term impact of a randomized
(2005) multifaceted intervention for wheezing infants in low-income families. Arch Pediatr Adolesc Med,
159, 75-82.
2005 Bonuck et al. Karen A. Bonuck, Michelle Trombley, Katherine Freeman, and Diane McKee, MD},Randomized,
(2005) Controlled Trial of a Prenatal and Postnatal Lactation Consultant Intervention on Duration and
Intensity of Breastfeeding up to 12 Months
2005 MacMillian et al. MacMillian, H. L., Thomas, B., H., Jamieson, E., Walsh, C. A, Boyle, M. H., & Shannon, H. S.
(2005) (2005). Effectiveness of home visitation by public-health nurses in prevention of the recurrence of
child physical abuse and neglect: A randomized controlled trail. Lancet, 365, 1786-1793.
2006 Barlow et al. Barlow A, Varipatis-Baker E, Speakman K, Ginsburg G, Friberg I, Goklish N, Cowboy B, Fields
(2006) P, Hastings R, Pan W, Reid R, Santosham M, Walkup J. Home-visiting intervention to improve
child care among American Indian adolescent mothers: a randomized trial. ,Arch Pediatr Adolesc
Med. 2006 Nov;160(11):1101-7.
2006 Fergusson et al. David M. Fergusson and others, “Randomized Trial of the Early Start Program of Home Visitation:
(2006) Parent and Family Outcomes,” Pediatrics 117 (2006): 781-86.
2007 Barlowetal. Barlow, J., Davis, H., Mclntosh, E., Jarrett, P., Mockford, C., & Stewart-Brown, S. (2007). Role of
(2007) home visiting in improving parenting and health in families at risk of abuse and neglect: Results of
a multicenter randomized controlled trial and economic evaluation. Archives of Disease in
Childhood, 92, 229-233.
2008 Doesum et al. Karin T. M. van Doesum and others, “A Randomized Controlled Trial of Home-Visiting
(2008) Intervention Aimed at Preventing Relationship Problems in Depressed Mothers and Their Infants,”

Child Development 79 (2008): 547-61.
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Type of  Publication year Researcher(s) Reference
Study Type
Random  Journals 2008 DuMontet al. Kimberly DuMont and others, “Healthy Families New York (HFNY) Randomized Trial: Effects on
Trial (2008) Early Child Abuse and Neglect,” Child Abuse and Neglect 32 (2008): 295-315.
Studies
2009 Leeetal. (2009) Lee, Eunju, Susan D Mitchell-Herzfeld, Anna A Lowenfels, Rose Greene, Vajeera Dorabawila,
and Kimberly A DuMonth. "Reducing Low Birth Weight through Home Visitation: A Randomized
Controlled Trial." American Journal of Preventative Medicine, 2009: 154-160.
2009 Walkup et al. Walkup JT, Barlow A, Mullany BC, Pan W, Goklish N, Hasting R, Cowboy B, Fields P, Baker
(2009) EV, Speakman K, Ginsburg G, Reid R. J, Randomized controlled trial of a paraprofessional-
delivered in-home intervention for young reservation-based American Indian mothers. Am Acad
Child Adolesc Psychiatry. 2009 Jun; 48(6):591-601.
2010 Kitzman et al. Kitzman HJ, Olds DL, Cole RE, Hanks CA, Anson EA, Arcoleo KJ, Luckey DW, Knudtson MD,
(2010) Henderson CR Jr, Holmberg JR. Enduring effects of prenatal and infancy home visiting by nurses
on children: follow-up of a randomized trial among children at age 12 years. Arch Pediatr Adolesc
Med. 2010 May; 164(5):412-8.
2011 Tandon et al. Tandon, S. D., Mendelson, T., Kemp, K., Leis, J., Perry, D. (2011). Preventing perinatal depression
(2011) in low-income home visiting clients: A randomized controlled trial. Journal of Consulting and
Clinical Psychology, 79, 707-712
Reports 1996 Center on Child Center on Child Abuse Prevention Research, National Committee to Prevent Child Abuse (1996).
Abuse Prevention  Intensive home visitation: A randomized trial, follow up and risk assessment study of Hawaii's
Research (1996) Healthy Start Program. Chicago IL: National Center on Child Abuse and Neglect.
2003 Quinlivan et al. Quinlivan, J. A., Box, H., & Evans, S. F. (2003). Postnatal home visits in teenage mothers: A
(2003) randomized controlled trial. The Lancet, 361, 893-900.
Books 1990 Gross (1990) Gross, R. T. (1990). A multisite randomized intervention trial for premature, low birth weight
infants: The Infant Health and Development Program. In D. E. Rogers & E. Ginsberg (Eds.),
Improving the life chances of children at risk (pp. 146-160). San Francisco: Westview.
Conference 1999 Gagnon et al. Gagnon AJ, Dougherty GE, Jimenez V, Leduc N. A randomized trial of postpartum care following
proceedings (1999) hospital discharge. In: Pediatric Academic Societies’ 1999 Annual Meeting. San Francisco, CA:

Lippincott Williams & Wilkins; 1999:102A
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Table A.4 Taxonomy of Effect/ Impact of Home visitation studies

Type of Publication year Researcher(s) Reference
Study Type
Impact  Journals 1976 Haus and Haus, B.F., and Thompson, S. The effect of nursing intervention on a program of behavior
Effect Thompson modification by parents in the home. JPN and Mental Health Services (1976) 14:9-16.
Studies (1976)
1980 Larson (1980) Larson, C.P. Efficacy of prenatal and postpartum home visits on child health and development.
Pediatrics (1980) 66:191-97.
1980 Siegel et al. Siegel E, Bauman KE, Schaefer ES, Saunders MM, Ingram D. Hospital and home support during
(1980) infancy: impact on maternal attachment, child abuse and neglect and health care utilization. Pediatrics
1980; 66:183-90.
1980 arson (1980) Larson CP. Efficacy of prenatal and postpartum home visits on child health and development.
Pediatrics 1980; 66:191-7.
1982 Cappleman et Cappleman, M. W., Thompson, R. J., DeRemer-Sullivan, P. A., King, A. A., & Sturm, J. M. (1982).
al. (1982) Effectiveness of a home based early intervention program with infants of adolescent mothers. Child
Psychiatry and Human Development, 13, 55-64.
1982 Burkett (1982)  Burkett, C.W. (1982). Effects of frequency of home visits on achievement of preschool students in a
home-based early childhood education program. Journal of Educational Research, 76(1), 41-44.
1983 Barkauskas Barkauskas, V. H. (1983). Effectiveness of public health nurse home visits to primiparous mothers
(1983) and their infants. American Journal of Public Health, 73, 573-580.
1984 Madden et al. Madden J., O’Hara, H., & Levenstein, P. (1984). Home again: Effects of the Mother-Child Home
(1984). Program on mother and child. Child Development, 55, 636-647.
1985 Seitz et Seitz, V., Rosenbaum, L.K., & Apfel, N.H. (1985). Effects of family support intervention: A ten
al.(1985) year follow-up. Child Development, 56, 376 391.
1985 ombs-Orme et Combs-Orme T, Reis J, Ward LD. Effectiveness of home visits by public health nurses in maternal
al. (1985) and child health: an empirical review. Public Health Rep 1985;100:490-9
1985 Casto and Casto, G., & White, K. R. (1985). The efficacy of early intervention programs with environmentally

White (1985)

at-risk infants. Journal of Children in Contemporary Society, 17, 37-50.
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Type of Publication year Researcher(s) Reference
Study Type
Impact  Journals 1986 Casto and Casto, G., & Mastropieri, M. (1986). The efficacy of early intervention programs: A meta-analysis.
Effect Mastropieri(198 Exceptional Children, 52, 417-424.
Studies 6)
1988 Resnick et al Resnick, M.B., Armstrong, S., and Carter, R.L. Developmental intervention program for high-risk
(1988) premature infants: Effects on development and parent-infant interactions. Developmental and
Behavior Pediatrics (1988) 9:73-78.
1988 Stone et al. Stone, W.L., Bendell, R.D., & Field, T.M. (1988). The impact of socioeconomic status on teenage
(1988) mothers and children who received early intervention. Journal of Applied Developmental
Psychology, 9, 391-408.
1989 Leonard et al. Leonard BJ, Scott SA, Sootsman J. A home-monitoring program for parents of premature infants: a
(1989) comparative study of the psychological effects. Dev Behav Pediatr. 1989;10:92-97
1989 Dawson et al. Dawson, P., van Doominck, W.J., & Robinson, J.L. (1989). Effects of home-based, informed social
(1989) support on child health. Developmental Behavioral Pediatrics, 10, 63-67.
1990 Achenbach et Achenbach, T. M., Phares, V., Howell, C. T., Rauh, V. A. and Nurcombe, B. 1990: Seven-year
al. (1990) outcome of the Vermont Intervention Program for Low-Birthweight Infants. Child Development 61,
1672-81.
1990 Dawson et al. Dawson, P., Robinson, J.L., Butterfield, P.M., et al. Supporting new parents through home visits:
(1990) Effects on mother-infant interaction. Topics in Early Childhood Special Education (1990) 10:29-44.
1992 Brooks-Gunnet *Brooks-Gunn, J., Liaw, F, & Klebanov, P. K. (1992). Effects of early intervention on cognitive
al. (1992) function of low birth weight preterm infants. Journal of Pediatrics, 120, 350-359.
1994 Campbell etal.  Campbell, Frances A., and Craig T. Ramey, “Effects of Early Intervention on Intellectual and
(1994) Academic Achievement: A Follow-Up Study of Children from Low-Income Families,” Child
Development, Vol. 65(2, Spec. No.), 1994, pp. 684-689.
1994 Black et al. Black MM, Nair P, Kight C, Wachtel R, Roby P, Schler M. Parenting and early development among
(1994) children of drug abusing mothers: effects of home intervention. Pediatrics 1994; 94:440-8.
1994 Reynolds Reynolds, Arthur J., “Effects of a Preschool Plus Follow-On Intervention for Children at Risk,”
(1994) Developmental Psychology, VVol. 30(6), 1994, pp. 787-804.
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Type of Publication year Researcher(s) Reference
Study Type
Impact  Journals 1994 Bradley et al. Robert H. Bradley and others, “Impact of the Infant Health and Development (IHDP) on the Home
Effect (1994) Environments of Infants Born Prematurely and with Low Birthweight,” Journal of Educational
Studies Psychology 86 (1994): 531-41
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Raikes, H., Green, B. L., Atwater, J., Kisker, E., Constantine, J., & Chazan-Cohen, R. (2006).
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al. (2008) Schiffman, R. (2008). Parent involvement in early childhood home visiting. Child and Youth Care
Forum, 37, 171-196.
2009 Zielinski et al. Zielinski DS, Eckenrode J, Olds DL., Nurse home visitation and the prevention of child
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Ginkel, J. B. (2009). Changes in depressive symptoms in first time mothers in home visitation.
Child Abuse & Neglect, 33, 127-138.

138




Table A.6 Continued

Type of Publication  year Researcher(s) Reference
Study Type
HV general Journals 2009 Howard and Howard, K.S. & Brooks-Gunn, J. (2009). The role of home-visiting programs in preventing child
information Brooks-Gunn abuse and neglect. The Future of Children, 19, 119-146.
(2009)
2010 McFarlane etal. McFarlane, E. C., Burrell, L., Fuddy, L., Tandon, D., Derauf, D. C., Leaf, P. and Duggan, A.
(2010) (2010), Association of home visitors' and mothers' attachment style with family engagement.
Journal of Community Psychology, 38: 541-556.
2011 Lowell et al. Lowell, D.1., Carter, A.S., Godoy, L., Paulicin, B., &Briggs-Gowan, M.J. (2011). Child FIRST: A
(2011) comprehensive home-based intervention translating research into early childhood practice. Child
Development, 82 (1), 193-208.
2011 Ammerman et Ammerman, R. T., Putnam, F. W., Stevens, J., Bosse, N. R., Short, J. A., Bodley, A. L., & Van
al. (2011) Ginkel, J. B. (2011). An open trial of in-home CBT for depressed mothers in home visitation.
Maternal and Child Health Journal, 15, 1333-1341.
2012 Ammerman and Robert T. Ammerman & S. Darius Tandon, Maternal mental health outcomes and children’s
Tandon (2012)  mental health and home visiting, September 2012, In Encyclopedia on Early Childhood
Development
2012 Boller (2012) Evidence for the role of home visiting in child maltreatment prevention Kimberly Boller
September 2012, In Encyclopedia on Early Childhood Development
HV 1972 McNeil and McNeil HJ, Holland S. A comparative study of public health nurse teaching in groups and in
Investigative Holland (1972)  home visits. Am J Public Health 1972; 62:1629-36.
Studies
1987 Waldenstrom Waldenstrom U. Early discharge with domiciliary visits and hospital care: parents’ experiences of
(1987) two modes of post-partum care. Scand J Caring Sci. 1987;1:51-58
1991 Jessop and Jessop, D.J., and Stein, R.E.K. Who benefits from a pediatric home care program? Pediatrics
Stein (1991) (1991) 88:497-505.
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1998 Cowan et al. Cowan, P.A., Powell, D., & Cowan, C.P. (1998). Parenting interventions: A family systems
(1998) perspective. In Sigel, I.E., & Renninger, K.A., (volume editors), Damon, W. (editor-in-chief),

Handbook of child psychology. New York: John Wiley and Sons, p. 3-72.
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Table A.6 Continued

Type of Publication year Researcher(s) Reference
Study Type
HV future Books 1999 Powers and Home Visiting: Reaching Babies and Families "Where They Live" by Stefanie Powers and Emily
prospects Fenichel Fenichel (Jan 1, 1999)
(1999)
1999 Margie and Margie, N. G., & Phillips, D. A. (1999). Revisiting home visiting: Summary of a workshop.
Philips (1999)  Washington, DC: National Academy Press.
2000 National National Research Council and Institute of Medicine (2000) From neurons to neighborhoods: The
Research science of early childhood development. Committee on Integrating the Science of Early
Council and Childhood Development. Jack P. Shonkoff and Deborah A. Phillips, eds. Board on Children,
Institute of Youth, and Families, Commission on Behavioral and Social Sciences and Education. Washington,
Medicine D.C.: National Academy Press.
(2000)
2000 Farranetal. Farran, D.C., in J.P. Shonkoff & S.J. Meisels (Eds.) (2000). Another decade of intervention for
(2000) children who are low income or disabled: What do we know now? Handbook of early childhood
intervention. Cambridge, UK: Cambridge University Press, 510-548.
2000 Wasik and Barbara Hanna Wasik and Donna M. Bryant (2000), Home Visiting: Procedures for Helping
Donna Families, SAGE Publications, Inc
Bryant (2000)
2000 Wasik Bryant ~ Wasik BH, Bryant DM. Home visiting: Procedures for helping families. 2" Edition. Thousand
(2000) Oaks, Calif: Sage Publications; 2000.
2000 Halpern (2000) Halpern R. Early childhood intervention for low-income children and families. In: Shonkoff JP
Meisels SJ, eds. Handbook of early childhood intervention. 2™ Edition. New York, NY:
Cambridge University Press; 2000:361-386.
2000 Brooks-Gunn Jeanne Brooks-Gunn, Lisa J. Berlin, and Allison Sidle Fuligni, “Early Childhood Intervention
et al (2000) Programs: What about the Family?” in Handbook on Early Childhood Intervention, 2nd edition,
edited by Shonkoff and Meisels (Cambridge University Press, 2000), pp. 549-88.
2001 Kimura (2001) Babies Can't Wait: Relationship-based home visiting by Linda Kimura (2001)
2006 Barlow (2006)  Barlow, J. (2006). Home visiting for parents of pre-school children in the UK. In C. McAuley, P.

J. Pecora, & W. Rose, Enhancing the well-being of children and families through effective
interventions: International evidence for practice. London: Jessica Kingsley.
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Table A.6 Continued

Type of Publication year Researcher(s) Reference
Study Type
HV future Books 2007 Carrilio (2007) Home-Visiting Strategies: A Case-Management Guide for Caregivers (Social Problems and
prospects Social Issues (Univ of South Carolina)) by Terry Eisenberg Carrilio (Jul 1, 2007)
2008 Kiass (2008) The Home Visitor's Guidebook: Promoting Optimal Parent & Child Development 3rd Ed by
Carol Speekman Klass (Jun 25, 2008)
2008 Cook and The Art and Practice of Home Visiting: Early Intervention for Children with Special Needs and
Sparks (2008)  Their Families by Ruth E. Cook and Shirley N. Sparks (Sep 12, 2008)
2010 Olds (2010) Olds, D. L. (2010). The nurse-family partnership: From trials to practice. In A. J. Reynolds, A. J.
Rolnick, M. M. Englund, & J. A. Temple (Eds.) (2010). Childhood programs and practices in the
first decade of life: human capital integration (pp.40-75). New York, NY: Cambridge University
Press.
2012 Supplee et al Supplee, L., Paulsell, D., & Avellar, S. (2012). What works in home visiting programs? In Curtis,
(2012) P.A., Alexander, G. eds. What Works in Child Welfare. Washington, DC: Child Welfare League
of American Press, 39-61.
Dissertation 1998 Chambliss Chambliss, J. W. (1998). An experimental trial of a home visiting program to prevent child
and Thesis (1998) maltreatment (Doctoral dissertation, Georgia State University, 1998). Dissertation Abstracts
International, 61(03B), 152-1628.
1998 Keim (1998) Ann L Keim, Living in different worlds : the efficacy of an intensive home visitation program on
increasing social support and improving parenting competency of first-time mothers, Thesis (Ph.
D.)--University of Wisconsin--Madison, 1998. Dissertation Abstracts International, 60(1), 0388B.
2000 Waliser (2000) Navaie Waliser, M. (2000). An evaluation of the participants, impacts, and cost-effectiveness of
the North Carolina Baby Love Maternal Outreach Worker Program. Dissertation Abstracts
International, 60(7), 3239B.
Conference 1996 Drazen and Drazen, S.M., & Haust, M. (August 12, 1996). Lasting academic gains from an early home
proceedings Haust (1996) visitation program. Paper presented at annual meeting of the American Psychological Association,

Toronto, Ontario.
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Table A.6 Continued

Type of
Study

Publication
Type

year

Researcher(s)

Reference

HV future
prospects

Conference
proceedings

1996

1998

2001

1984

1988

2006

Olds et al.
(1996)

Heinecke and
Ponce (1998)

O’Brien et al.
(2001)

Olds, David L., Reducing Risks for Childhood-Onset Conduct Disorder with Prenatal and Early
Childhood Home Visitation, American Public Health Association Pre-Conference Workshop,
New York, N.Y., 1996.

Heinecke, C.M. & Ponce, V.A. (1998). Relation-based early family intervention. In Cichetti, D.,
& Toth, S.L. (Eds.). Rochester Symposium on Developmental Psycholpathology, Volume 1X;
Developmental Approaches to Prevention and Intervention. Rochester, NY: University of
Rochester Press.

O’Brien, R., Molritz, P., & McClatchey, M. (4/21/01). Replication of a model program of prenatal
and infancy home visiting by nurses outside of research settings. Presentation at Society for
Research on Child Development, Minneapolis, Minnesota.

Schloesser P, Barquest K. The Kansas Healthy Start/Home Visitor Program. Presented at the
American Public Health Association meeting; 1984; Anaheim, CA

Leeper JD, Nagy C, Hullett S. The Rural Alabama Pregnancy and Infant Health (RAPIH)
Program. Presented at the American Public Health Association meeting; 1988; Boston, MA

Roggman, L. A,, Christiansen, K., Cook, G. A., Jump, V. K., Boyce, L. K., & Peterson, C. A.
(2006) Home visits: Measuring how they work. Logan, UT: Early Intervention Research Institute
Mini-Conference.
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B. Home Visitation Program Models

Section B of the appendix contains 26 relevant infant HV program models. The tables show a comparison of their characteristics, monetary benefits,

duration of the program, target populations, enrollment, graduation rates, eligibility criteria, intensity, aim and scope of the programs. The programs

comprise 14 prenatal and postpartum HV programs for which visitations continues until child is 3years old (Table B. 1); and 12 programs for school

going infants who are 3years old and up (Table B.2). The cost benefit comparison is based on the data and analysis presented by [206] [16] [61] and

[63].
Table B. 1 HV Program from Prenatal and Postpartum to 3 Years
Benefits Per
Dollar Benefits
of Cost (B/C | Minus Year
Duration | Infant Home visitation Programs Benefits | Costs Ratio) Costs Author Dollars
1 | Children At Risk Program $4,700 Aos et al (2001) 1995
Aos et al (2004) and
1 | Home visiting programs for at-risk mothers and children | $10969 $ 4892 2.24 6077 | Karoly et al (2005) 2003
3 | Comprehensive Child Development Program -39 | $37388 0 -37397 | Aos et al (2004) 2003
3 | Infant Health and Development Program $0 | $49,021 0 -49021 | Aos et al (2004) 2003
1 | Systems of Care/Wraparound Programs* $0 $1914 0 -(1914) | Aos et al (2004) 2003
-(4754) -
1 | Early Childhood Education for Disadvantaged Youth $ 8,936 +6972 I Aos et al (2001) 2000
3 | Parents as Teachers (20yrs) $4,992 $4,227 1.1809794 765 | Lee etal. (2012) 2011
1.75 | Early Head Start $4768 | $20972 0.23 -(16204) | Aos et al (2004) 2003
2 | Early Head Start $2,264 | $10,420 0.2172745 (8,156) | Leeetal. (2012) 2011
1.2 | Healthy Families America $2,589 $4,601 0.5627038 (2,012) | Leeetal. (2012) 2011
1.18 | Healthy Families America $2052 $ 3314 0.62 -1262 | Karoly et al (2005) 2003
Aos et al (2004) and
2.5 | NFP —overall sample (for Low Income Women) $26298 $9118 2.88 17180 | Karoly et al (2005) 2003
2 | Nurse Family Partnership for Low-Income Families $22,781 $9,600 2.3730208 13,181 | Lee etal. (2012) 2011

(Sources: Aos et al. (2001, 2004), Karoly et al. (2005), Lee et. Al (2012))
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Table B.1 Continued

Benefits
Per Dollar
of Cost Benefits
(B/C Minus
Duration | Infant Home visitation Programs Benefits | Costs Ratio) Costs Author Year Dollars
1 | Parent-Child Interaction Therapy $4724 $ 1296 3.64 3428 | Aos et al (2004) 2003
Parent Child Interaction Therapy (PCIT) for Families
1 | in the Child Welfare System $7,168 $1,551 | 4.6215345 5,617 | Lee etal. (2012) 2011
Nurse Home Visitation (for low income single -(2067) -
2 | mothers) $ 7,733 +15918 1 | Aos et al (2001) 2000
Other home visiting programs for at-risk mothers and
1 | children $5,138 $5,603 | 0.9170087 ($465) | Leeetal. (2012) 2011
2.5 | Nurse Home Visitation $3,000 Aos et al (2001) 1997
1 | Even Start $0 $ 4863 0 -4863 | Aos et al (2004) 2003
1 | Even Start ($1,257) $4,126 | -0.304653 ($5,383) | Lee etal. (2012) 2011
Elmira PEIP home-visit program for higher-risk Olds et al., 1993, p.
2 | families. $3,246 163 1980
Elmira Prenatal/Early Infancy Project - High risk Olds et al., 1993, Fine
2 | group $49,217 $7,109 by nine, 2012 2002
Elmira Prenatal/Early Infancy Project - Lower risk Olds et al., 1993, Fine
2 | group $10,165 $7,109 by nine, 2012 2002
Olds et al. (1994,
1997) and Olds
Elmira PEIP home-visit program for lower-risk (1996).,Karoly et al.
2 | families. $3775 8 $ 6083 -2308 | (1998), 1996
Olds et al. (1994,
1997) and Olds
Elmira PEIP home-visit program for higher-risk (1996).,Karoly et al.
2 | families. $246948 $ 6083 18611 | (1998), 1996
2 | NFP —Higher risk sample $41419 $7271 5.7 34148 | Karoly et al (2005) 2003
2 | NFP—Lower risk sample $9151 $7271 1.26 1880 | Karoly et al (2005) 2003

(Sources: Aos et al. (2001, 2004), Karoly et al. (2005), Lee et. Al (2012))
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Table B.2 HV Program Models for School Going Infants

Benefits
Per Dollar
of Cost Benefits
(B/C Minus
Duration | Infant Home visitation Programs Benefits Costs Ratio) Costs Author Year Dollars
High/Scope Perry Preschool Project 253154 14830 17.07 238324 | Karoly et al (2005) 2003
Perry Preschool Program child age 3 to 4 $12,356 Barnett (1993), p. 504, 1992
Olds et al. (1994, 1997) and Olds
1 | Perry Preschool Program child age 3 to 4 25437 12148 13289 | (1996).,Karoly et al. (1998), 1996
Schweinhart (1993), Fine by
1 | Perry Preschool Program child age 3 to 4 $138,486 | $15,895 nine, 2012 2002
Perry Preschool (excluding intangible
crime costs) $76,426 | $14,830 5.15| $61,596 | Karoly et al (2005) 2003
Perry Preschool (Including intangible
crime costs) $129,622 | $14,830 8.74 | $114,792 | Karoly et al (2005) 2003
Reynolds et al (2001), Fine by
1.5 | Chicago Child-Parent Centers 3 yr old $52,711 | $7,428 nine, 2012 2002
Chicago Child-Parent Centers 3 yr old $49,337 | $6,913 7.14 | $42,424 | Karoly et al (2005) 2003
Abecedarian Early Childhood Masse et al. (2002), Fine by nine,
5 | Intervention $143,674 | $35,864 2012 2002
Abecedarian $138,635 | $42,871 3.23 | $95,764 | Karoly et al (2005) 2003
2 | Parent Child Home Program 2-3yrs old $3,920 | $5,496 0.713246 | ($1,576) | Leeetal. (2012) 2011
2 | Parent Child Home Program 0 3890 0 -3890 | Aos et al (2004) 2003
IHDP Infant Health and Development
Program $0 | $49,021 ($49,021) | Karoly et al (2005) 2003
early childhood education ECE for low-
income 3- 4 yrs $15,742 | $6,681 2.36 $9,061 | Karoly et al (2005) 2003
Intensive Family Preservation Services
1 | (Homebuilders) 10yrs $6,942 | $3,288 | 2.1113139 $3,654 | Leeetal. (2012) 2011
1 | safeCare (5yrs) $1,501 $102 | 14.715686 $1,399 | Leeetal. (2012) 2011

(Sources: Aos et al. (2004), Karoly et al. (1998, 2005), Barnett (1993), Olds (1994, 1996, 1997, Lee et al (2012), Schweinhart (1993), Reynolds et

al (2001) and Masse et al. (2002))
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Table B.2 Continued

Benefits
Per Dollar
of Cost Benefits
_ (B/IC Minus
Duration | Infant Home visitation Programs Benefits Costs Ratio) Costs Author Year Dollars
1 | Alternative Response (8yrs) $852 $96 8.875 $756 | Lee etal. (2012) 2011
Triple P Positive Parenting Program
1| (System) 4yrs old $865 $143 6.048951 $722 | Leeetal. (2012) 2011
Other Family Preservation Services
1 | (non-Homebuilders) ($902) | $3,046 | -0.296126 | ($3,948) | Leeetal. (2012) 2011
HIPPY, Home Instruction Program for
Preschool Youngsters 3-4yrs 3032 1681 1.8 1351 | Karoly et al (2005) 2003
Family Preservation Services (excluding
1 | washington)* 0 2531 0 -2531 | Aos et al (2004) 2003

(Sources: Aos et al. (2004), Karoly et al. (1998, 2005), Barnett (1993), Olds (1994, 1996, 1997, Lee et al (2012), Schweinhart (1993), Reynolds et

al (2001) and Masse et al. (2002))
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C.  Monetary Benefit Estimates of HV for Primary and Secondary Participant

Section C of the appendix shows a comparison of infant HV program’s monetary benefit estimates related to crime (Table C.1), education (Table
C.2), healthcare (Table C.3) and public assistance (Table C.4). Table C. 5 is a sum of all the benefits.

Table C.1 HVP’s Monetary Benefit Estimates Related to Crime for Both Primary and Secondary Participant

Primary (A)/ Secondary (B) participant A A A A B
Property
Property loss  loss from
Child abuse from illicit alcohol Sum of

Infant Home visitation Programs Crime and neglect drug disorder  disorder Crime Benefits
Comprehensive Child Development Program 0
Infant Health and Development Program 0
Systems of Care/Wraparound Programs* 0 $ - $ - $ - 3 0
Parents as Teachers (20yrs) $ 643 $ 988 $ 1 N/A N/A 1632
Early Head Start $ 1 N/A N/A N/A N/A 1
Healthy Families America N/A $ 335 $ @) $ 6 $ 115 452
Nurse Family Partnership for Low-Income Families $ 4,049 $ 865 $ 1 N/A $ 1,773 6688
Parent Child Interaction Therapy (PCIT) for Families in the
Child Welfare System $ 1,532 $ 4,282 $ 3 N/A N/A 5817
Other home visiting programs for at-risk mothers and children N/A $ 652 $ 1 N/A $ 369 1022
Even Start 0
Triple P — Positive Parenting Program 171 $ 215 386

Source: Washington State Institute for Public Policy, http://www.wsipp.wa.gov, http://www.wsipp.wa.gov/ReportFile/1102/Wsipp_Return-on-

Investment-Evidence-Based-Options-to-Improve-Statewide-Outcomes-April-2012-Update_Full-Report.pdf
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Table C.2 HVP’s Monetary Benefit Estimates Related to Education for Both Primary and Secondary Participant

Primary (A)/ Secondary (B) participant A A A A B B
Earnings
Earnings via Earnings via  via extra
high school ~ Earnings K-12 grade K-12 special ~ high school  year of Sum of
Infant Home visitation Programs graduation via test scores repetition education graduation education Benefits
Comprehensive Child Development Program 0
Infant Health and Development Program 0
Systems of Care/Wraparound Programs* 0 $ - 0 $ - $ - 8 - 0
Parents as Teachers (20yrs) N/A $ 3,283 N/A $ 39 N/A N/A 3322
Early Head Start N/A $ 585 $ 33 $ 393 N/A $ 191 1202
Healthy Families America N/A $ 329 $ 3 $ 695 N/A N/A 1027
Nurse Family Partnership for Low-Income
Families $ 64 $ 4,908 $ (162) $ (1,573) $ 11,453 N/A 14690
Parent Child Interaction Therapy (PCIT) for
Families in the Child Welfare System $ 650 $ 355 N/A $ 135 N/A N/A 1140
Other home visiting programs for at-risk mothers
and children N/A $ 3,651 N/A $ 36 N/A N/A 3687
Even Start -1257 -1257
Triple P — Positive Parenting Program 77 $ 42 $ 14 133

Source: Washington State Institute for Public Policy, http://www.wsipp.wa.gov, http://www.wsipp.wa.gov/ReportFile/1102/Wsipp_Return-on-
Investment-Evidence-Based-Options-to-Improve-Statewide-Outcomes-April-2012-Update_Full-Report.pdf
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Table C.3 HVP’s Monetary Benefit Estimates Related to Healthcare for Both Primary and Secondary Participant

Primary (A)/
Secondary (B)
participant

A

A

A

A

A

A

A

A

A

B

Infant Home
visitation
Programs

Health
care costs
for
disruptive
behavior
symptoms

Health
care
costs via
education

Earnings
via
alcohol
disorder

Health
care
cost for
alcohol
disorder

Earnings
via
illicit
drug
disorder

Earnings
via
illicit
drug
disorder

Earnings via
depressive
disorder

Health care
costs via
depressive
disorder

Health
care
costs for
illicit
drug
disorder

Health
care costs
via
education

Sum of
Benefits

Comprehensive
Child
Development
Program.

Infant Health and
Development
Program.

Systems of
Care/Wraparound
Programs*

Parents as
Teachers (20yrs)

N/A

N/A

N/A

N/A

$ 21

N/A

39

Early Head Start

$ 55

N/A

N/A

N/A

N/A

N/A

$ 125

$ 371

N/A

N/A

551

Healthy Families
America

$ 80

N/A

$ 403

$ 43

$ (6)

N/A

$ 181

$ 251

$ (11)

N/A

941

Nurse Family
Partnership for
Low-Income
Families

$ 166

$ 17

N/A

N/A

N/A

N/A

N/A

N/A

N/A

$ 649

832

Source: Washington State Institute for Public Policy, http://www.wsipp.wa.gov, http://www.wsipp.wa.gov/ReportFile/1102/Wsipp_Return-on-

Investment-Evidence-Based-Options-to-Improve-Statewide-Outcomes-April-2012-Update_Full-Report.pdf
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Table C.3 Continued

Primary (A)/
Secondary (B)
participant

A A

A

A

A

A

A

A

A

Infant Home
visitation
Programs

Health
care
costs via
education

Health
care costs
for
disruptive
behavior
symptoms

Earnings

via

alcohol
disorder

Health
care
cost for
alcohol
disorder

Earnings
via
illicit
drug
disorder

Earnings

via

illicit
drug
disorder

Earnings via
depressive
disorder

Health care
costs via
depressive
disorder

Health
care
costs for
illicit
drug
disorder

Health
care costs
via
education

Sum of
Benefits

Parent Child
Interaction
Therapy (PCIT)
for Families in
the Child
Welfare System

N/A $ 44

37

$

12

N/A

N/A

211

Other home
visiting programs
for at-risk
mothers and
children

N/A N/A

N/A

$2

N/A

N/A

$ 124

$ 228

$4

$ 13

371

Even Start

Triple P —
Positive

Parenting
Program

$5

$4

$1

$1

$4

$9

$1

$25

Source: Washington State Institute for Public Policy, http://www.wsipp.wa.gov, http://www.wsipp.wa.gov/ReportFile/1102/Wsipp_Return-on-

Investment-Evidence-Based-Options-to-Improve-Statewide-Outcomes-April-2012-Update_Full-Report.pdf
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Table C.4 HVP’s Monetary Benefit Estimates Related to Public Assistance for Both Primary and
Secondary Participant

Primary (A)/ Secondary (B) participant A B B
Out-of-
Public Public home Sum of
Infant Home visitation Programs Assistance  assistance  placement  Benefits
Comprehensive Child Development Program -9 -9
Infant Health and Development Program
Systems of Care/Wraparound Programs* $ - $ - $-
Parents as Teachers (20yrs) N/A N/A N/A
Early Head Start $ 508 N/A N/A 508
Healthy Families America $ 169 N/A N/A 169
Nurse Family Partnership for Low-Income Families N/A $572 N/A 572
Parent Child Interaction Therapy (PCIT) for Families in the
Child Welfare System N/A N/A N/A 0
Other home visiting programs for at-risk mothers and children N/A N/A $ 57 57
Even Start 0
Triple P — Positive Parenting Program 321 321

Source: Washington State Institute for Public Policy, http://www.wsipp.wa.gov,
http://www.wsipp.wa.gov/ReportFile/1102/Wsipp_Return-on-Investment-Evidence-Based-Options-to-
Improve-Statewide-Outcomes-April-2012-Update_Full-Report.pdf

Table C. 5 Total HVP’s Monetary Benefit Estimates

Infant Home visitation Programs Total
Comprehensive Child Development Program $ (9.00)
Infant Health and Development Program $ -
Systems of Care/Wraparound Programs* $ -
Parents as Teachers (20yrs) $ 4,993.00
Early Head Start $  2,262.00
Healthy Families America $ 2,589.00
Nurse Family Partnership for Low-Income Families $ 22,782.00
Parent Child Interaction Therapy (PCIT) for Families in the Child Welfare

System $ 7,168.00
Other home visiting programs for at-risk mothers and children § 5,137.00
Even Start $ (1,257.00)
Triple P — Positive Parenting Program $ 865.00
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D.

7.

Questionnaire and Interview Questions
Below are the phone interview questions and email communication questions used to collect data

and information from the NFP.

Questionnaire and Interview Questions

The NFP program is for a period of 2 years; however in the budget provided, the expenses are
for a 3 year period. Is there a reason for this or what is the current duration of the program?

Avre there any metrics or ways of evaluation for measuring the quality of services provided by the
visiting nurses? If yes, what are they?

What is the maximum number of visits that a nurse can perform in one week averagely?
Historically, do you have an idea about the average Maximum visits per week or month that a nurse
can perform with the case load of 25?

Historically, what is or has been the average maximum and minimum distances a nurse can travel
for visits? — Thus, average minimum and maximum distances for nurse transportation are a very
important variable in the mathematical formulation in order to set boundaries.

What makes up cost in the NFP program are?

Table D. 1 Components of NFP Program's Cost

Item Nurse Home Visitor Supervisor

Salaries

Fringe Benefits

Administration and Supervision

Offices

Supplies/Medical Supplies

Travel/Transportation/Mileage

National Service Office (NSO)

Fees

Hiring and Training cost

i.  How much is allocated averagely to each of these cost items, in dollar amount or
percentage? (With the known that NFP cost per family is averagely $8870).
Is the salary (grade) for every nurse hired for the NFP the same? For instance, is the salary for a
nurse supervisor/registered nurse different from that of the home health nurse/visitor, etc?
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10.
11.
12.

13.

Are nurses paid hourly or monthly and what is the average salary range for each category of nurse?
For the NFP, ideally each nurse is assigned a maximum of 25 families, does this have an impact on
their salaries?, say does a nurse who takes on only 17 families instead of 25 gets a lower pay/salary
than her colleague who takes on 257?.

What is the maximum number of visits that a nurse can perform in one week averagely?

What is the minimum number of visits that a nurse can perform in one week averagely?

Does the visit for each family cost the same considering the fact that each pregnant mother/mother
is at different stages in her pregnancy in the NFP 2year horizon? Some may need more attention,
time, supplies, etc. would this affect the cost to each family differently? (With the known that NFP
cost per family is averagely $8870).

Do nurses receive compensation for travel mileage/transportation to visit families or this is part of

their salaries?

14. What is the average cost of training nurses (Education)?

15.

What constitute the NFP NSO Fees (service fees)? And how much is the cost averagely?
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E. Sample Data Computation

Section E of the appendix shows sample data that was computed based on historical and survey data

collected and used for the model’s computation. Table E.1 shows a sample input data for 10 patients,

Table E.2 shows a sample input data for 8 nurses, and Table E.3 shows a sample computed distance

compatibility matrix.

Table E.1 Sample Patient Data

ID | Preg_WeekAtEnrollment Enroll_Week WallCalendar Patient Zone Patient Need

1 15 21 1 C

2 19 21 3 HD

3 13 17 2 ME

4 13 18 1 PA

5 14 15 3 C

6 23 30 3 HD

7 18 19 3 ME

8 18 29 1 PA

9 16 33 2 C

10 14 21 2 HD
Table E.2 Sample Nurse Data
Nurse Years (K) Qf Nurse's

ID Hiring_Cost Salary Max_Visit Skill Nurse Type Experience Nurse Zone
1 8298 74791 12 C CNA 4 2
2 8298 74791 12 HD LPN 2 3
3 8298 74791 12 ME NP 1 2
4 8298 74791 12 PA RN 1 3
5 8298 74791 12 C CNA 4 2
6 8298 74791 12 HD LPN 1 3
7 8298 74791 12 ME NP 4 1
8 8298 74791 12 PA RN 4 2
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Table E.3 Sample Computed Distance Compatibility Matrix

Travel distance

compatibility matrix Nurse
1 2 3 4 5 6 7 8
Patient ID 1 30 22 76 24 60 8 42 6
2 68 46 68 54 28 30 20 36
3 40 78 4 56 70 52 38 50
4 52 6 52 80 80 68 26 24
5 78 22 14 44 30 48 30 32
6 16 50 64 14 64 42 52 18
7 38 48 4 14 70 70 38 46
8 74 24 30 36 58 50 76 18
9 52 32 56 42 40 8 46 14
10 4 16 24 54 76 38 62 54
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