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The feasibility of using predictive risk modelling to identify
new-born children who are high priority for preventive
services
1

In response to a proposal in the White Paper for Vulnerable Children, this study assesses
whether predictive risk modelling (PRM) tools that draw on linked administrative data can be
used in practice to identify early new-born children at high risk of maltreatment as part of a
strategy to prevent maltreatment from occurring. The feasibility of linking administrative data to
support PRM is assessed, and the predictive accuracy of PRM models drawing on different
agency data and targeting different measures is compared.
We find that linkage of administrative data to support PRM is feasible, but the linkage is
subject to error and a system for review would be needed in any implementation. Assessment
of the true predictive accuracy of the PRM models developed is not possible because much of
the abuse and neglect that occurs goes undetected. However, performance of the models in
predicting administratively recorded substantiations of maltreatment is good compared to
other tools reviewed in the international literature, both overall, and for Māori children. Some
but not all children who go on to have contact with care and protection services or to
experience substantiated maltreatment can be identified using this approach. We recommend
that, if taken to trial, PRM tools should not be the sole mechanism for identification and
referral of children at high risk, and should be used in combination with professional
judgement.
Findings from this feasibility study, in combination with those from an ethical review, will inform
decisions around next steps in relation to the possible trialling of PRM.
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Executive summary
The New Zealand Government’s 2012 White Paper for Vulnerable Children includes a
proposal to use predictive risk modelling (PRM) tools to assist professionals in identifying
which children are at risk of abuse or neglect to support a preventive early intervention
strategy, subject to the outcomes of feasibility study and trialling.
Under the proposal, PRM tools would draw on existing administrative data to provide an
estimate of the risk of future maltreatment. Where the risk score was above an agreed
threshold, the child’s details would be passed to a local Children’s Team. Depending on the
assessment of the Children’s Team, this might lead to out-reach to the families of the children
identified, and the offer of support and services.
The White Paper proposed that Children’s Teams would target children whose level of risk is
just below that which would require a statutory care and protection response. The aim would
be to prevent these children from requiring statutory services later on. It was proposed that
PRM tools would not be the only source of referral to Children’s Teams. Referrals would also
be made by front-line professionals (New Zealand Government, 2012).
Decision making to date in the New Zealand care and protection system and social services
has generally relied on consensus-based risk screening models and clinical judgement, with
broad referral guides in use in some areas, and limited use of standardised “actuarial” tools
that obtain a risk score from a checklist or questionnaire. This would be the first application of
PRM tools.
Internationally, there has been very limited application of advanced computational tools to
support decision making in child protection or early intervention, although actuarial tools are in
use in many jurisdictions. Use of PRM for early identification of risk of child maltreatment is
untried.
The White Paper acknowledged that PRM appears promising based on preliminary research
undertaken by the University of Auckland (Vaithianathan et al., 2012), but carries ethical risks,
and warrants careful, staged, feasibility study and trialling.
This report presents findings from a study that builds on the preliminary research. It examines
the feasibility of a population-wide PRM tool for identifying new-born children who are at high
risk of future maltreatment for referral to Children’s Teams, and considers:


technical feasibility (including the feasibility of data linkage, the predictive accuracy
that could be achieved and the modelling strategy, agency data and predictor
variables that would support the best predictions of risk)



predictive accuracy specifically for Māori children who are over-represented
among those for whom there are substantiated findings of maltreatment, and the
proportionality of predictions for Māori children relative to their share of known
maltreatment



proportionality of predictions relative to known maltreatment for other social
groups



legal and operational feasibility and the lags associated with accessing selected
agency data that would impact on the timeliness of a PRM tool.

Ethics approval for the study was granted by the Central Region Health and Disability Ethics
Committee, a decision affirmed by the National Ethics Advisory Committee.
The feasibility study has proceeded in parallel with an ethical review of use of PRM in this
context to identify ethical concerns and propose resolutions.
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The ethical review traverses a range of issues, including trade-offs between the rights of
children to protection from harm and the right to privacy, the need to avoid stigma, the use of
data without consent, concerns related to resource allocation, ethical concerns from a Māori
perspective, and the obligation of agencies to act in the face of elevated risk scores.
Feasibility of data linkage
Administrative data from benefit, care and protection, Corrections, birth and death registration
and Ministry of Health administrative systems were linked for the purposes of the feasibility
study.
With no unique identifier against which all of an individual’s contact with different government
agencies is recorded, linkages must be formed by matching on details such as names and
dates of birth. This linkage of data to support PRM is feasible, but is subject to error.
The linkage of data used in this study is “conservative” in that data from two agencies are only
linked if there is a very high level of agreement between identity details in the two systems.
Linkage of data for a child occurs only if the given name of one of the parents or caregivers is
the same, in order to confirm the match.
The aim is to approximate an administrative approach which would seek to minimise the
likelihood of erroneously linking one individual’s information to another individual. A check of a
random sample of linkages shows that this conservative approach does lead to some
instances in which information that should inform the assessment of risk for a child is missed,
but found no cases of information for different people being linked.
Care and protection data present particular challenges for data linkage as care and protection
records for a child are often established without identity verification.
Applying a less conservative approach to data linkages reduces the rate at which linkages are
missed and improves measures of predictive performance, but also introduces some falsepositive linkages where one individual’s information is erroneously linked to another individual.
Given the potential for error in data linkage, it is recommended that there be a system for
review of the linkages that inform the risk scoring before details of a high risk child are used as
part of any working PRM. Having an effective system of review in place may allow a less
conservative approach to data linkage, and improvements in predictive accuracy to be
realised.
Feasibility of a population-wide PRM tool that would apply around the time of birth
PRM tools use relationships in existing administrative data to estimate the likelihood of a
future event.
To assess the feasibility and predictive performance of a population-wide PRM tool for
identifying new-born children who are high priority for referral to a Children’s Team, models
were developed using conservatively linked research data for recent birth cohorts.
These models would apply to all children with a birth registration or included in a main welfare
benefit within three months of birth (covering an estimated 94 percent of all new-born children)
and would predict the risk of findings of substantiated maltreatment of any type (emotional,
physical or sexual abuse or neglect) by age two.
The base models draw on predictor variables or risk markers drawn from birth, benefit, care
and protection and sentencing data.
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Preliminary research established that ethnic group does not need to be included as a predictor
in order to support PRM, adding only marginally to predictive performance.
Assessment of the true predictive accuracy of the models developed is not possible because
much of the abuse and neglect that occurs goes undetected.
The models developed perform well in predicting risk of agency contact. To illustrate
predictive accuracy, if the five percent of children in the 2007 birth cohort with the highest
predicted risk scores based on a PRM tool had been considered high priority for referral to
Children’s Teams:


by age five, 31 percent of the children referred would, in the absence of any
additional intervention, have had a substantiated finding of maltreatment and 57
percent would have had at least one notification



projecting forwards to age ten, the proportion with a substantiated finding of
maltreatment is expected to increase to four in ten and the proportion who are
notified is expected to rise to seven in ten



the referred group would have accounted for 32 percent of all the children who
had substantiated findings of maltreatment by age five and 36 percent of all
maltreatment findings (counting events rather than children)



the referred group would have accounted for 22 percent of all the children who
had a notification by age five and 31 percent of all notifications to that age



in 96 percent of cases where a child had no findings of maltreatment by age 5,
they would not have been referred



2,163 of the 3,114 children referred (69 percent) would have no substantiated
finding of maltreatment by age five (false positives).

Based on the ethnicities of the child recorded in birth registration data, positive predictive
value and sensitivity for Māori children is better than that found overall.
Implementation of the PRM proposal outlined in the White Paper would require a decision to
be made about the threshold for referral. This decision would need to be informed by a range
of factors, including the capacity of the Children’s Teams and the availability of services, as
well as predictive accuracy.
Choice of threshold involves a trade-off. Tightly targeting to those at the highest risk means
including only a small proportion of the children who would go on to be maltreated in the
referred group. Including a larger proportion of the children who would go on to be maltreated
in the referred group would mean targeting a group at lower risk, on average.
Regardless of the threshold chosen the output from a PRM is a probability of a future event.
By its very nature, a high risk score may suggest that the event is likely, but it does not
suggest it is sure to happen. Models will identify as low priority some children who are
subsequently the victims of high profile abuse or neglect, and identify as high priority children
who never experience maltreatment. This needs to be acknowledged as an inevitable
limitation of any early identification approach, including both PRM and human decision
making.
Comparison with other tools for early identification in reviews of the international literature
The available evidence is that actuarial assessment tools based on empirical evidence are
more accurate than human decision making (consensus-based models or professional
judgment) in the assessment of risk of future harm to children.
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At the same time, evidence reviews consistently find limited accuracy in predicting child
maltreatment from the small number of tools that have been developed with the aim of
predicting child maltreatment or ensuring that preventive early intervention services are
targeted to families most in need.
At selected thresholds, the PRM tools examined would meet the criteria of a suggested guide
to what should be able to be achieved with a “good” predictor for child maltreatment. In a
review of the international literature, only one of the previously developed tools reviewed could
meet these criteria.
Proportionality of predictions relative to known maltreatment
The models developed would refer children in numbers that do not always reflect their share
of known maltreatment.
Māori children would be slightly over-represented among the children referred, relative to their
share of known maltreatment (comprising 69 percent of the 3,000 children with the highest
risk scores compared with 61 percent of children with findings of maltreatment by age two,
where ethnicity is known).
In addition, relative to their share of known maltreatment, the base models would refer too
many children:


with parents or caregivers who receive benefit (comprising 92 percent of the 3,000
children with the highest risk scores compared with 79 percent of children known
to be maltreated by age two)



in a family where other children have had contact with care and protection
services (60 percent compared with 35 percent)



with parents or caregivers with known childhood contact with care and protection
services (57 percent compared with 43 percent).

Over-representation of Māori children relative to their share of known maltreatment can be
addressed by deploying separate models for Māori children and children who are not known
to be Māori and selecting the highest risk scored children for referral from each model in
proportion to shares of known maltreatment. Test models show that this can be done without
any notable loss of predictive accuracy.
The same approach can be used to address disproportionality on other dimensions. Tests
combining separate models by benefit status and prior care and protection history show little
or no loss of predictive accuracy. However, a solution that resolves disproportionality on all
dimensions of concern is unlikely.
Alternative target variables
Models targeting a range of different care and protection outcomes perform well and could be
explored further in any operationalisation.
However, due to poorer model performance and the rarity of the events targeted, development
of a model for predicting which children will have substantiated findings of physical abuse or
will be hospitalised for maltreatment related injuries or marker injuries is not feasible.
Agency data required
Compared to a PRM tool that draws on benefit and care and protection data only, and screens
only the population of children supported by main benefits:
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adding Corrections sentencing data provides no substantive gain over and above
information on imprisonment that can be obtained from benefit data



adding births data provides no substantive gain in predictive accuracy, but allows
screening across the population, and goes some way to addressing the
disproportionate representation of children supported by benefits among those
identified as at high risk, and provides a basis for the deployment of separate
models to address disproportionate representation of sub-groups including Māori
children



beyond the incorporation of births data, the further addition of Ministry of Health
data provides very little gain in predictive accuracy, and only modest benefit in
reducing disproportionality on selected dimensions.

Main predictors
The main predictors are relatively stable across the models developed. They include:


the presence of previous children with contact with care and protection services in
the last five years



the length of time the parent or caregiver was supported by main benefits in the
last five years



having a parent or caregiver who had contact with care and protection services in
their own childhood.

Other variables with high predictive utility include indicators related to mental health, location,
sentencing history, family violence, single parent status and caregiver age.
These cannot be interpreted as factors that cause maltreatment to occur, only as useful
predictors or risk markers for identifying some of the children at high risk.
Legal and operational feasibility
Information sharing and data linkage for a fully implemented PRM, where it involves linking
data held by different Government agencies, may require new authorisation.
Operationalising a PRM would require systems that ensure the secure handling of the data
drawn on and generated, and for ensuring protection from mis-use.
A Privacy Impact Assessment would be a useful first step in any implementation. It would
provide a framework for privacy protection in systems that feed in data from contributing
agencies and databases, that link data, that apply and regularly review risk scoring algorithms
and that generate and disseminate PRM information.
Conclusions
PRM tools based on linked administrative data can be used to identify early some of the newborn children at high risk of maltreatment. Compared to other tools developed to predict the
risk of future maltreatment for new-born children and reviewed in the international literature,
these models have good predictive accuracy, both overall, and for Māori children.
Not all children who go on to experience maltreatment are able to be identified early using this
approach. We recommend that, if taken to trial, PRM tools should therefore not be the sole
mechanism for identification and referral of children at high risk.
Careful thought would need to be given to other potential uses of predictive risk modelling
information, and the role this information plays in risk assessment and decision making. The
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administrative data can only provide partial and selective capture of risk information and are
subject to error in linkage. A cautious approach should therefore be taken to making the
scores, or the information that sits behind those scores, available to front-line professionals.
Next steps
Findings from this feasibility study, in combination with those from the ethical review, will
inform decisions around next steps in relation to the possible trialling of PRM.
Beyond this study, the data assembled provide the basis for a wide range of new analysis that
can aid the understanding of, and response to, child maltreatment.
Predictions from the PRM models developed in this study could be compared with those from
models that quantify and score according to the accumulation of risk factors. New ways of
describing the data (for example using cluster analysis techniques to profile sub-groups of
children who are known to experience maltreatment or are identified as high risk), could also
be explored.
Research is under way to better understand Māori children’s disproportionate representation
in maltreatment statistics, and to explore more generally whether bias exists in measured
contact with care and protection services.
Finally, with further data linkage, the data offer new opportunities for analysis to build evidence
on the impacts of existing services on outcomes for children.
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1. Introduction
1

The purpose of this report is to present findings from a study that examines the feasibility
of a predictive risk modelling (PRM) tool that would identify new-born children who are at
high risk of future maltreatment based on existing administrative data.

2

The study considers:


technical feasibility (including the feasibilty of data linkage, the predictive accuracy
that could be achieved and the modelling strategies, agency data and predictor
variables that would support the best predictions of risk)



predictive accuracy specifically for Māori children who are over-represented
among those for whom there are substantiated findings of maltreatment, and the
proportionality of predictions for Māori children relative to their share of known
maltreatment



proportionality of predictions relative to known maltreatment for other social
groups



legal and operational feasibility of selected data feeds and the lags associated
with each.

3

A technical companion report provides more details of variable definition and the
modelling strategy and sensitivity testing.

4

A separate stream of work has reviewed the ethics of use of PRM tools in this context
(Dare, 2013) and considered ethical concerns from a Māori perspective (Blank et al.,
forthcoming).

5

Together, the ethical review reports and the findings from this feasibility study will inform
the development of advice on whether and how PRM might be able to be applied in ways
that mitigate or minimise ethical risks, and whether and how to take these options to trial.

Outline
6

Section 2 of this report provides the background to the feasibility study and a brief review
of existing international literature on tools for early identification of children at high risk of
future maltreatment. The report then introduces a “base model” that demonstrates the
PRM approach (section 3), and details its predictive performance overall and for Māori
children (section 4). Section 5 considers the accuracy of the underlying data linkage and
the sensitivity of the results to the data linkage approach taken.

7

The proportionality of the predictions relative to the share of known maltreatment that is
accounted for by Māori children and other social groups is then considered (section 6).
Sections that follow test sensitivity to the use of separate models to control
disproportionality (section 7), the definition of the target variable - acknowledging that
substantiated maltreatment may be an imperfect proxy for harm occurring (section 8), and
the agency data that is drawn on, including consideration of whether inclusion of Ministry
of Health data would improve predictions (section 9).

8

Subsequent sections consider the most useful predictors (section 10), time lags in the
flows of selected agency administrative data (section 11), legal and technical feasibility
(section 12) and the limitations of the study (section 13), before discussing the findings
(section 14), presenting conclusions (section 15), and outlining next steps (section 16).
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2. Background
9

The New Zealand Government’s White Paper for Vulnerable Children includes a range of
proposals aimed at preventing maltreatment. One of the proposals is to use PRM tools to
assist professionals in identifying and assessing which children are at risk of abuse or
neglect, subject to the outcomes of feasibility study and trialling (New Zealand
Government, 2012, pp.79-81).

10 PRM tools would draw on existing social sector administrative data. Under the White
Paper proposal, where the tools estimated the risk of future harm for a child was above an
agreed threshold, the child’s details would be passed to a local Children’s Team
comprised of front-line professionals working with families and children. This would sit
alongside other pathways for referral to a Children’s Team.
11 Children’s Teams will work with children whose risk level is just below that which would
require a statutory care and protection response. Those above the threshold will continue
to be served by care and protection services. Depending on the assessment of the
Children’s Team, referral by a PRM might lead to out-reach to the families of the identified
children by a known professional (such as a midwife or Well Child/Tamariki Ora provider),
and the offer of support and services aimed at preventing maltreatment from occurring.
12 PRM would not be the only pathway for referral to a Children’s Team. Children not
identified by PRM would still be able to be identified as at risk and referred for assessment
and services by frontline professionals, including care and protection social workers (New
Zealand Government, 2012).
13 To date, risk assessment in the New Zealand care and protection system and social
services has generally relied on consensus-based risk screening models and clinical
judgement, with broad referral guides in use in some areas,2 and limited use of
standardised “actuarial” tools.3 This would be the first application of PRM tools.
14 The White Paper PRM proposal was informed by preliminary research undertaken by the
University of Auckland and completed in 2012 which found that PRM based on linked
benefit and care and protection data held promise as a means of prospectively identifying
children at high risk of going on to have a substantiated finding of maltreatment
(Vaithianathan et al., 2012; Vaithianathan et al., 2013).
15 The University of Auckland researchers recommended a full ethical evaluation of PRM
and the development of an ethical framework to guide agencies in their responses to the
use of risk scores before any implementation. They highlighted ethical concerns about
applying PRM only to children known to the benefit system and recommended broadening
the research data in order to include all children in the population. They also
recommended including health data and community-level characteristics as predictors
(Vaithianathan et al., 2012).
16 The feasibility study reported on here responds to the recommendations made in that
report. It investigates the feasibility, data requirements and predictive power of
population-wide PRM tools, focussing on PRM that would apply to all New Zealand-born
children at or around the time of birth.

2

Family Start referral criteria for example http://www.familyservices.govt.nz/documents/working-withus/programmes-services/early-intervention/new-family-start-march-2012/family-start-referral-guide.pdf

3

The Canadian ODARA (Ontario Domestic Assault Risk Assessment) tool is used by Police in New Zealand to
predict the likelihood of re-assault following family violence incidents (Curtis, 2012).
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17 Ethics approval for the feasibility study, and in particular for the incorporation of health
data, was granted by the Central Region Health and Disability Ethics Committee on 23
November 2012 (Ethics Ref 12/CEN/46), a decision affirmed by the National Ethics
Advisory Committee in February 2013. A Privacy Impact Assessment for the research
was discussed with the Office of the Privacy Commissioner on 29 November 2012.4
18 The White Paper acknowledged that PRM appears promising based on preliminary
research, but is untried in the context of child maltreatment, carries ethical risks, and
warrants careful, staged, development (New Zealand Government, 2012).
19 Other projects planned as part of this staged development include qualitative interviews
with front-line professionals in Children’s Team pilot sites to inform the design of options
that could be considered for trialling, and a trial design for assessing PRM’s efficacy and
cost effectiveness in helping prevent maltreatment.
Existing literature on tools for early identification
20 Decision making in child protection is intrinsically difficult, uncertain, and subject to the
practical limits to our ability to predict future outcomes (Munro, 2011; Mansell et al., 2011;
Leventhal, 1988). Much of the abuse and neglect that occurs goes undetected (Munro,
2011; Gilbert et al., 2009; Runyan et al., 2002), and risks can be concealed. This
presents a fundamental difficulty for risk prediction as it can only be informed by
relationships between observed risk and protective factors and the subset of maltreatment
that is known to occur.
21 The available evidence is that actuarial assessment tools based on empirical evidence are
more accurate than human decision making (consensus-based models or professional
judgment) in the assessment of risk of future harm to children (although some
commentators have noted that developing a valid tool may be more straightforward than
successfully implementing one) (Gambrill and Schlonsky, 2000; Barlow et al., 2012;
D’Andrade et al., 2008).
22 At the same time, evidence reviews consistently find limited accuracy in predicting child
maltreatment from the small number of tools that have been developed with the aim of
predicting child maltreatment or ensuring that preventive early intervention services are
targeted to families most in need (Leventhal, 1988; Peters and Barlow, 2003; Browne and
Chou, undated; MacMillan, 2000; Nygren et al., 2004).
23 Responses to this finding vary across the reviews.

4



The earliest review (Leventhal, 1988) concluded that prediction is feasible, but that
improvements in the approach to the assessment of risk are needed, including
further development and use of standardised assessment.



The Canadian Task Force on Preventative Health Care concludes that there is
sufficient evidence to recommend against screening for child maltreatment
because of the high false positive rates and the harm associated with labelling
parents as potential child abusers (MacMillan, 2000).

Under the terms of the Privacy Act, the Privacy Commissioner must retain the capacity to conduct an
independent review in the event of a complaint. As a consequence the Privacy Commissioner is not able to
approve proposals such as this in advance. However, the Privacy Commissioner is able to signal any
practices that are not permitted under the Act or that might pose a problem of perceived privacy risks.
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The United States Preventive Services Taskforce concludes that there is
insufficient evidence to recommend either for or against screening (United States
Preventive Services Taskforce, 2004) and that further research is needed (Nygren
et al., 2004).



One review concludes that the stigma attached to the use of screening
instruments and difficulties with their application within a clinical context suggest
the need for an alternative approach to the identification of parents in need of
higher levels of intervention (Peters and Barlow, 2003).



Another concludes that while none of the existing tools are precise enough to be
used as screening instruments for child maltreatment, and labelling families as
high risk would be unethical and stigmatising, screening can nevertheless be used
to identify children and families in need of more support. This is provided the
classification of families is expressed positively (“high priority for services” rather
than “high risk” – a suggestion that could be taken up in implementation), and the
interventions offered are well designed to address the problems identified (Browne
and Chou, undated).

24 A 2013 United States Preventive Services Taskforce evidence update highlights a
promising trial that involves screening for risk of abuse and neglect via a parent selfadministered questionnaire (Nelson et al., 2013). The trial, which it rated as being of “fair”
quality, includes risk assessment during the course of usual primary health care visits,
training for physicians, and information resources and social work services for families
(Dubowitz et al. 2009; Dubowitz et al. 2012). High-risk families in the intervention group
had fewer care and protection reports and fewer episodes of severe or very severe
physical assault than those in the usual care group three years after the intervention
(Dubowitz et al. 2009).
25 The 2013 update (Nelson et al., 2013) and associated United States Preventive Services
Taskforce recommendation statement (Moyer, 2013) reiterate the need for more research
on effective methods for practitioners to identify children at risk or currently experiencing
abuse or neglect, on effective interventions, and on whether there are unintended harms
from screening, risk assessment and interventions.
26 To date, there has been very limited application of computational tools to support decision
making in child protection and youth services (Schwartz et al., 2008). The potential for
these tools to assist in predicting the risk of severe harm for children already reported for
suspected abuse (Schwartz et al., 2004) and in prediction of youth re-offending (Schwartz
et al., 2008) has been examined, and demonstrates considerable scope for improvement
on existing risk assessment tools.
27 In contrast to standardised assessment tools where a checklist or questionnaire is applied
to obtain a risk score, PRM tools generate a risk score based on existing administrative
data.
28 Advantages of PRM tools are that they are developed using actual data for the specific
population at risk and outcome of concern, and allow population-wide screening that is
reasonably cost-effective. In contrast, standardised assessment tools tend not to be
validated on the population to which they are applied (Schwartz et al., 2008), and can be
under-utilised where they are resource intensive for front-line agents to administer, or not
used as intended (Vaithianathan et al., 2012).
29 Within the social services, use of PRM tools based on large-scale administrative data is
most advanced in healthcare (Panattoni et al., 2011). While utilisation of existing
administrative data for early identification at the population level has been explored and
advocated for (eg. Wu et al, 2004; Putnam-Hornstein and Needell, 2011), to our
knowledge, the study by Vaithianathan et al. (2012) and this feasibility study are the first to
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examine the potential for PRM tools that draw on existing administrative data to be used
for early identification to support child maltreatment prevention efforts.

3. A base model that would apply around the time of birth
30 PRM tools use relationships in existing administrative data to estimate the likelihood of a
future event. They generate an algorithm (a list of predictor variables and accompanying
estimated weights) that can be applied to obtain a score which represents the probability
of the event occurring. Scores in different bands can then be used to allocate cases to
different levels and types of service response.
31 A base model was developed to begin the assessment of the feasibility and predictive
performance of a population-wide PRM tool for identifying new-born children who are at
high risk of maltreatment.
32 This section describes the linked research data, ethnicity information used in the study,
the study population, outcome targeted, predictor variables and modelling strategy for the
base model. Section 4 then assesses the base model’s predictive performance, and
compares this with other tools for early identification reviewed in the international
literature.
Linked research data
33 In New Zealand there is no single unique identifier allocated to an individual against which
all that individual’s contact with different government administrative systems is recorded.
In order to link data for the same individual across the different systems to support PRM, it
would be necessary to link data using identity details such as names and dates of birth
and other potentially identifying variables such as caregivers’ and parents’ names and
dates of birth.
34 The research data assembled for the feasibility study linked, for children born from mid2004 to mid-2012:


birth notification5 and registration information for the child and her or his parents
and death registration information for the child held by the Registrar-General of
Births, Deaths and Marriages



benefit data from 1993 onwards for the child, for other children in the family, and
for their parents or caregivers held by the Ministry of Social Development (MSD)



Child Youth and Family (CYF) care and protection data from the early 1990s
onwards for the child, for other children in the family, and for their parents or
caregivers (relating to their own childhood) held by MSD



data on sentences served by the child’s parents or caregivers administered by the
Department of Corrections



a range of Ministry of Health data for the child and birth mother where they had a
maternity record.

Ethnicity data
35 For the purposes of describing the predictive power and proportionality of the base model
by the ethnic group of the child, birth registration information is used as this is considered

5

Birth notification information includes birth weight and gestation.
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the best available data source. Birth registrations provide all the ethnic groups to which
the child belongs, as reported by the parents registering the birth.
36 In contrast, benefit data provide no information on the ethnic groups to which the child
belongs and while they provide self-reported ethnic groups of the parents or caregivers,
these data are not an ideal source for imputing the ethnicity of the child as in most cases a
child included in benefit appears with a single parent or caregiver and no information is
available on the ethnicity of the other parent. CYF data include the ethnicity of the child,
but this information is available for only a minority of children, and may be reported by an
individual making a notification of concern who does not have accurate or full knowledge
of the child’s ethnicities.
37 Where ethnic group is reported for models that do not draw on birth registration data, this
is also sourced from birth registration information that can be linked to the child of interest.
Study population
38 The birth cohorts that are the focus of the modelling are children born over the four years
from 2007 to 2010 inclusive. For these birth cohorts, the linked data provide at least two
years of data on care and protection outcomes (covering the period up to the end of
2012). They also provide at least two and a half years prior to the child’s birth over which
to examine the care and protection histories of older siblings identified through birth
records (because the linked research data cover birth registrations for children born from
mid-2004).
39 Where the University of Auckland research examined the subset of children whose
caregivers receive main benefits, here the study population is all children in a birth cohort
who, by three months of age, had their birth registered or were included in a caregiver’s
benefit. This covers an estimated 94 percent of all New Zealand live-born children, and
yields records for in excess of 60,000 children in each annual birth cohort.
40 For base models, the modelling was carried out on samples drawn from each birth cohort
(these are described below).
Outcome targeted
41 Base models predict the risk of at least one substantiated finding of maltreatment in CYF
data (emotional, physical or sexual abuse or neglect) by age two for children in the study
population.
42 The outcome window (the period of time between the prediction being made and the
outcome occurring) is short. This anticipates the need for any working model to prioritise
the recency of data informing the model over a longer outcome window so as to ensure
that the model, as much as possible, reflects data being generated by current
administrative systems. It also focuses the predictions on an age group at which the rate
of maltreatment-related death and hospitalisation (Gilbert et al., 2011; Child Youth and
Family, 2006) and first instance of substantiated maltreatment (Wulczyn, 2009) is highest.
43 When CYF receives a notification or report of concern about a child, an assessment is
made to determine whether further action is required. Further action can include:


partnered response (which involves referring the family to a community-based
service that can help)



an investigation (where there is an allegation of serious child abuse or neglect
which requires joint Police and CYF involvement)
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a Child and Family Assessment to identify the family’s needs and develop a plan
for how to respond (when there are safety, care or wellbeing concerns for a child
or young person but where a forensically focused investigation is not required).

44 If the child is under 5 years old, the completion of a formal investigation or Child and
Family Assessment is prioritised (Ministry of Social Development, 2012). Substantiated
findings of abuse or neglect can be recorded by a social worker following either an
investigation or a Child and Family Assessment.
45 The proportion of the study population with substantiated findings of maltreatment by age
two increased from 2.3 percent for the 2007 cohort to 2.8 percent for the 2010 cohort
based on conservatively linked data. The growth was the tail-end of an increase that
began in the early 2000s. An important contributor to that increase was a change in
Police procedures which resulted in a notification to care and protection services being
made in respect of all children present at family violence incidents attended by the Police.
This, together with recognition of exposure to family violence as a form of psychological
abuse under the Domestic Violence Act (1995), was associated with a rise in the number
and proportion of children with substantiated findings of emotional abuse (Mansell et al.,
2011; CSRE, 2012).
46 A further change in procedures for handling Police family violence referrals was
introduced in July 2010. From that date, Police family violence referrals that require no
further action do not result in care and protection notifications, but instead are recorded as
“contact records”. This appears to have been associated with a levelling off of numbers of
findings of emotional abuse (Ministry of Social Development, 2012).
Predictor variables – markers of risk and protection
47 The predictor variables considered for the base models are markers of risk and protection
derived from data drawn from birth registration, benefit, care and protection and
sentencing administrative systems. They are listed in Box 1 and described more fully in
the technical companion paper.6
48 Selection of variables was informed by the literature on risk and protective factors for
abuse and neglect (Runyan et al, 2002; Child Youth and Family, 2006; Kerslake Hendricks
and Stevens, 2012; New Zealand Government, 2012), and by previous studies that
examine associations between administrative data available at birth and subsequent
reporting or substantiation of maltreatment (Wu et al., 2004; Putnam-Hornstein and
Needell, 2011).7
49 Preliminary analysis established that ethnic group does not need to be included as a
predictor in order to support PRM, adding only marginally predictive performance.
50 Where variables consider the history of parents, caregivers or other children, these look
back only over the previous five years. This is in an effort to acknowledge that some risks

6

These are variables considered before stepwise exclusion.

7

Age of the mother at birth of the first child was considered, but we were not able to construct a satisfactory
variable given the data available to us. For the majority of the cohort, we are limited to birth registration data
which does not provide a basis for estimating age at first birth. Parity information recorded on the birth
registration is restricted to a listing of “other children born from the same parent relationship (This means other
children with the same mother AND father as the new child…”). In addition, the data purchased for the study
only reach back to mid-2004, limiting our ability to comprehensively identify through the data themselves
earlier births to the same mother.
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might resolve over time. The exceptions to this rule are the parents’ or caregivers’ own
care and protection history in childhood and adolescence, and whether there were
recorded findings of behavioural or relationship difficulties for them in childhood or
adolescence. This information is included regardless of its age. In practice, because
events prior to the early 1990’s do not tend to be captured by the available electronic data,
these care and protection history variables are only available for younger parents.
Box 1 Variables considered in the base model
Child
Gender of child (male / female)
Low birth weight or pre-term (yes / no or unknown)
Other children of the parents and/or caregivers
Parenting demands (high demands - multiple birth child, other children under 2, or 3 plus other children / no
other children / other children but not high demands)
8

Other children with care and protection history in the last 5 years (yes / no)

Family violence (no events / notification or contact record in 1 of the last 12 months / notification or contact
record 2+ of the last 12 months)
Parents and/or caregivers
Single parent (yes / yes and father not listed on birth registration / no or unknown)
At least one benefit caregiver is not a birth registration parent (yes / no / no birth registration by 3 months)
9

Age of mother or primary benefit recipient when child was born (<20 / 20-24 / 25-29 / 30-34 / 35-39 /40+)
Care and protection history as a child (yes / no)
Findings of behavioural or relationship difficulties as a child (yes / no)

Mother or primary benefit recipient's time on benefit in the last 5 years (no time / 0-20% / 20-80% /80-100%)
Mental health in the last 5 years (no known substance abuse or other mental health disorder / substance
abuse disorder / 3+ years in last 5 with substance abuse disorder / mental health disorder other than
10
substance abuse / 3+ years in last 5 with mental health disorder other than substance abuse)
Number of benefit address changes in the last year (no address changes / 1-2 address changes / 3 plus
11
address changes/missing - no benefit in last year)
Corrections history in the last 5 years (no history / non-custodial sentence only / custodial sentence for non12
violent crimes / custodial sentence for violent crimes)
Community / office
CYF site or service centre (43 categories)

51 Information on whether other children have been the subject of Police family violence
notifications or contact records in the previous 12 months and the intensity of that activity
is included as a marker for exposure to family violence. Given the data linkage formed for
the research, this information was only able to be consistently incorporated for children
already known to care and protection services. In any implementation, it would be
possible to establish systems to incorporate this information for all children, so long as
these records continue to be generated and held.

8
9

Excludes other children with Police family violence notifications or contact records but no other history.
The small number of cases with missing information are included in the 30-34 category.

10

Based on incapacities recorded when parents or caregivers have claimed Sickness or Invalid’s Benefits.
Substance abuse is prioritised so that this category applies where a person is recorded as having both a
substance abuse and another mental health disorder.

11

Based on benefit data.

12

Sentences for violent crime are prioritised so that this category applies where a person is recorded as having
both a custodial sentence for a violent crime and a custodial sentence for a non-violent crime.
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52 The length of time the mother or primary benefit recipient with care of the subject child
was supported by benefit in the previous five years (including time supported by benefits
in adolescence for younger mothers and caregivers) was included as a marker for poverty
and its persistence.13 This risk marker would be expected to have associations with
sources of parenting stress such as deprivation, household over-crowding14 and povertyrelated child illness and hospitalisation (Trenholme et al., 2012), and has been found to
have associations with other parental risk factors, including adversity in their own
childhood, low educational attainment, conduct disorder, and mental health and substance
abuse disorders (Welch and Wilson, 2010).
53 A variable that indicates which CYF site the child would be served by given their place of
residence is included in an effort to account for a number of dimensions on which local
conditions might impact on outcomes for a child. These include, for example:


the level of deprivation in the community and locality-specific relationships
between alcohol outlet density and alcohol-related social harms (Cameron et al.,
2013)



social norms, the availability and co-ordination of services, and the degree to
which there is a sense of collective responsibility for positive child development in
the community (Daro and Dodge, 2009)



organisational and case worker factors that can vary across local care and
protection service offices, an important source of variation in decision making and
recorded substantiations of maltreatment (Baumann et al. 2011).

54 “Capture” of risk is incomplete in some cases. In the base model, we are able to include
markers indicating whether benefit data show a parent or caregiver has a history of mental
health or substance abuse disorder, for example, but this will not capture all cases where
there is a history of these disorders. Similarly, in the base model, address change
information is only able to be included where the parents or caregivers have received
welfare benefits. (The impact of broadening the capture of risk information using Ministry
of Health markers of risk, including mental health and address changes, is explored in
section 9 below.)
55 In some cases, the predictor variables are a direct measure of a known risk or protective
factor (eg low birth weight or young maternal age). In other cases, factors that are known
to be associated with maltreatment (such as parenting skills) are not able to be directly
measured, but may be associated with markers available from administrative data.
56 Coverage of known protective factors is particularly weak, reflecting the limitations of the
available data. It is not possible, for example, to include markers that relate to extended
family or whānau support. With further data linkage, incorporation of information on the
availability and use of services that have the potential to be protective (early childhood
education or köhanga reo, teen parent education units, parenting programmes and home
visitation services for example) could be explored, but was not feasible in the current
study.

13

Benefit type was considered in preliminary modelling but was excluded from the final models because the
predictive utility of this information will be limited until sufficient data accumulate under the reformed benefit type
categories introduced in July 2013. A risk marker indicating whether or not the child is currently supported by
benefit may continue to have predictive utility, however, and could be considered if PRM is trialled.

14

The feasibility and predictive utility of incorporating administrative measures of household crowding could be
explored if PRM is developed further.
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57 Given incomplete capture and coverage of known risk and protective factors, the
modelling is not able to identify factors that cause substantiated findings of maltreatment
to occur, only risk and protective markers available from administrative data that have
utility in prediction.
Modelling strategy
58 After testing a range of modelling techniques, stepwise logistic regression was used to
generate the predictive algorithms. This modelling approach is transparent, and allows
knowledge to be gained about the most useful predictors, a particular area of focus for the
feasibility study.
59 A range of alternative modelling approaches were found to have as good predictive
performance, and could be chosen for any future implementation.
60 In response to peer review, model testing included an examination of the impact of
applying an alternative “multilevel” modelling approach to better account for the impact of
local conditions. Results suggest that multilevel models provide a small improvement in
predictive performance (although improvements were not consistently observed).
Offsetting the gains in performance was an increase in the disproportionate representation
of some sub groups compared to the stepwise logistic regression models.
61 The modelling was generally carried out on samples drawn from each birth cohort. At the
population level, we are seeking to model the occurrence of events that are rare. A
common approach for dealing with prediction of rare events and associated class
imbalance in the source data is to change class distribution and create more balanced
data for modelling.15 In the base models we under-sample the majority class (children
with no maltreatment findings by age two), while capturing all cases with findings of
substantiated maltreatment.
62 Models were developed or “trained” on 70 percent of the records in the cohort sample and
tested (or “validated”) on the remaining, separate, 30 percent of records. This is a
standard approach in PRM (Witten et al., 2011; Williams, 2011). To assess predictive
accuracy by age five, the models developed were used to risk score all children born in
2007 in the study population.
63 Tests of sensitivity to the sampling and “training/validation” partitioning methods applied
were undertaken. These showed little impact on predictive performance.
64 The technical companion report describes in more detail the results of model selection
and sensitivity testing.

15

Studies have shown that a more balanced dataset provides improved classification performance as compared
with an imbalanced dataset and under sampling and over-sampling are effective methods for dealing with
problems associated with class imbalance (Choi, 2010).
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4. Predictive performance
65 Assessment of the true predictive accuracy of the models developed is not possible
because much of the abuse and neglect that occurs goes undetected.
66 Table 1 summarises the predictive performance of the base model across different cohorts
in terms of ability to predict that subset of maltreatment that is known to occur – that which
results in substantiated findings of maltreatment.
67 In terms of area under the Receiver Operating Characteristics curve (AUR), the models
perform well in ranking children from high to low risk when the predictive algorithm for
each cohort is applied to the corresponding validation sample (Table 1).
68 The misclassification rate at three percent reported in Table 1 tells us that errors in
prediction are made in around four percent of cases across the whole of the 2007 study
population when children in the most at-risk three percent of that population are predicted
to have a finding of maltreatment by age two.16
69 Cumulative lift figures show that if we used the models to identify the most at-risk three
percent of the 2007 study population, we would find eight to nine times more children with
findings of maltreatment by age two than if we randomly selected three percent of
children.
70 The results in Table 1 assume the top three percent of cases represents the threshold for
indicating high risk of later findings of maltreatment. Three percent approximates the
proportion with actual findings of maltreatment by age two – the outcome targeted.
71 In practice, the threshold for deciding which children to refer for preventive services could
be set at a lower or higher threshold than three percent (or could be set as a band if the
decision was to exclude or offer some other form of service to those at the very highest
risk). Table 2 presents additional results for a range of thresholds. It uses the model
developed for the 2010 cohort to score the 2007 cohort, and compares the predicted risk
scoring with actual outcomes up to age five.
72 An ideal prediction tool would identify every child who would subsequently go on to
experience the outcome of concern (in this case, a substantiated finding of maltreatment)
as high priority (100 percent sensitivity) and every child who would not have experienced
the outcome of concern as low priority (100 percent specificity). In practice, no predictive
test can achieve this and there is a trade-off between sensitivity and specificity when
deciding on the threshold (Leventhal, 1988).
73 For illustrative purposes, had the five percent of children in the 2007 study population with
the highest scores been defined as high priority children for referral:

16



30.5 percent of the children referred would have a substantiated finding of
maltreatment by age five (positive predicted value)



31.6 percent of all the children who went on to have findings of maltreatment by
age five would have been referred (sensitivity)

And all other children are predicted not to have a finding of maltreatment. Misclassification rates are obtained
by risk scoring the entire study population in the relevant birth cohort rather than the validation sample because
the weighting of the validation sample to under-sample the majority class makes misclassification rates at
thresholds other than 50% difficult to obtain using SAS Enterprise Miner.
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the referred group would account for 36.0 percent of all maltreatment findings,
which is higher than the 31.6 percent of children with findings (counting events
rather than children)



in 96.4 percent of cases where a child had no findings of maltreatment by age five,
they would not have been referred (specificity)



2,163 of the 3,114 children referred (69 percent) would have no substantiated
finding of maltreatment (false positives) by age five (Table 2).

Table 1. Base models for birth cohorts 2007-2010
Stepwise logistic regression model results for children with birth registration or on benefit by 3 months
(1)
of age
Model for cohort born in:
2007
Number in cohort
% with findings of maltreatment by age 2(1)
Sample size for modelling
(2)

2009

2010

62,273

62,900

62,639

63,176

2.3

2.5

2.6

2.8

7,170

7,865

8,260

8,750

87%
87%
89%
89%
(85%-89%) (86%-89%) (87%-90%) (88%-91%)

AUR (validation sample)
(95% confidence interval)

Misclassification rate at 3% (scored study population)(3)
Cumulative Lift at 3% (scored study population)

2008

(4)

4.2%

4.1%

4.2%

4.2%

8.2

9.1

8.3

8.3

Notes:
(1) Based on conservatively linked data. This is known to understate the proportions with CYF contact and findings
of maltreatment.
(2) Area under the Receiver Operating Characteristic curve (AUR) is a diagnostic tool for evaluating the ability of a
model to rank positive instances relative to negative instances. An AUR of 50% represents a worthless prediction
that performs no better than the toss of a coin. The Receiver Operating Characteristics curve plots the proportion
of actual positive outcomes that are predicted positives (the true positive rate or sensitivity) against the proportion of
actual negative outcomes that are false positive predictions (the false positive rate or one minus specificity) at
different thresholds.
(3) Misclassification rate at 3% is the proportion of all cases in which an error in prediction is made (either a false
positive or a false negative prediction) using the top 3% of scores to define predicted positives. To allow
comparison, the scored study population is the cohort born in 2007 across all models.
(4) Cumulative Lift is a measure of model performance that is useful when looking at the most at-risk part of the
population. It gives the ratio of the sensitivity of the model at the given threshold to the sensitivity resulting from a
random selection of individuals from the population. To allow comparison, the scored study population is the cohort
born in 2007 across all models.

Predictive accuracy for Māori children
74 Table 3 replicates Table 2 for children in the cohort who are known to be Māori, based on
birth registration ethnicity information supplied by the parents. Setting a threshold that
referred children with the highest five percent of risk scores overall would see 11 percent
of children known to be Māori referred. At this threshold:


33.2 percent of the Māori children referred would have a substantiated finding of
maltreatment by age five (positive predicted value)



36.3 percent of all the Māori children who went on to have findings of
maltreatment by age five would have been referred (sensitivity)



in 91.8 percent of cases where a Māori child had no findings of maltreatment by
age five, they would not have been referred (specificity)



1,271 of the 1,902 Māori children referred (67 percent) would have no
substantiated finding of maltreatment (false positives) by age five (Table 3).
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Table 2. Accuracy in identifying children with any findings of maltreatment by age five using different thresholds to define high risk
(1)
2010 models applied to children born in 2007 with birth registration or on benefit by 3 months of age
Share of scores
used to define high
priority

Number of
children
referred

False
positive(2) by
age 5
(count)

False
negative(3) by
age 5 (count)

% referred
children with
findings by
age 5
(PPV)(4)

% not referred
children with no
findings by age
5
(NPV)(5)

% all children
with findings by
age 5 referred
(sensitivity)(6)

% all children with
no findings by age
5 not referred
(specificity)(7)

Top 1%

623

360

2,745

42.2

95.5

8.7

99.4

Top 2%

1,245

785

2,547

37.0

95.8

15.3

98.7

Top 3%

1,868

1,234

2,374

33.9

96.1

21.1

97.9

Top 4%

2,491

1,682

2,199

32.5

96.3

26.9

97.2

Top 5%

3,114

2,163

2,057

30.5

96.5

31.6

96.4

Top 6%

3,736

2,639

1,911

29.4

96.7

36.5

95.5

Top 7%

4,359

3,128

1,777

28.2

96.9

40.9

94.7

Top 8%

4,982

3,622

1,648

27.3

97.1

45.2

93.9

Top 9%

5,605

4,133

1,537

26.2

97.3

48.9

93.0

Top 10%

6,227

4,642

1,423

25.5

97.5

52.7

92.2

Top 11%

6,850

5,172

1,330

24.5

97.6

55.8

91.3

Top 12%

7,473

5,701

1,236

23.7

97.7

58.9

90.4

8,095
8,718
9,341
9,964
10,586
11,209
11,832
12,455
62,273

6,233
6,786
7,350
7,910
8,485
9,054
9,614
10,197
59,265

1,146
1,076
1,017
954
907
853
790
750
-

23.0
22.2
21.3
20.6
19.8
19.2
18.7
18.1
4.8

97.9
98.0
98.1
98.2
98.2
98.3
98.4
98.5

61.9
64.2
66.2
68.3
69.8
71.6
73.7
75.1

89.5
88.5
87.6
86.7
85.7
84.7
83.8
82.8

Top 13%
Top 14%
Top 15%
Top 16%
Top 17%
Top 18%
Top 19%
Top 20%
All
Notes: See below.
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Table 3. Accuracy in identifying Māori children with any findings of maltreatment by age five using different thresholds to define high risk
(1)
2010 models applied to children born in 2007 with birth registration or on benefit by 3 months of age
Share of scores
used to define high
priority

Number of
children
referred

False
positive(2) by
age 5
(count)

False
negative(3) by
age 5 (count)

% referred
children with
findings by
age 5
(PPV)(4)

% not referred
children with no
findings by age
5
(NPV)(5)

% all children
with findings by
age 5 referred
(sensitivity)(6)

% all children with
no findings by age
5 not referred
(specificity)(7)

Top 1%

173

89

1,654

48.6

90.3

4.8

99.4

Top 2%

346

186

1,578

46.3

90.7

9.2

98.8

Top 3%

519

302

1,521

41.8

90.9

12.5

98.1

Top 4%

692

415

1,462

39.9

91.2

15.9

97.3

Top 5%

864

530

1,404

38.6

91.5

19.2

96.6

Top 6%

1,037

648

1,349

37.5

91.7

22.4

95.8

Top 7%

1,210

763

1,291

36.9

92.0

25.7

95.1

Top 8%

1,383

890

1,245

35.6

92.2

28.4

94.3

Top 9%

1,556

1,007

1,189

35.3

92.4

31.6

93.5

Top 10%

1,729

1,127

1,136

34.8

92.7

34.6

92.8

Top 11%

1,902

1,271

1,107

33.2

92.8

36.3

91.8

Top 12%

2,075

1,399

1,062

32.6

93.0

38.9

91.0

2,247
2,420
2,593
2,766
2,939
3,112
3,285
3,458
17,288

1,534
1,655
1,794
1,927
2,058
2,205
2,348
2,491
15,550

1,025
973
939
899
857
831
801
771
-

31.7
31.6
30.8
30.3
30.0
29.1
28.5
28.0
10.1

93.2
93.5
93.6
93.8
94.0
94.1
94.3
94.4

41.0
44.0
46.0
48.3
50.7
52.2
53.9
55.6

90.1
89.4
88.5
87.6
86.8
85.8
84.9
84.0

Top 13%
Top 14%
Top 15%
Top 16%
Top 17%
Top 18%
Top 19%
Top 20%
All
Notes: See over.
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Notes to Table 2 and 3
(1) Based on conservatively linked data. This is known to understate the proportions with CYF contact and
findings of maltreatment.
The following contingency table for the relationship between predictions and true outcomes was used to calculate
measures of predictive accuracy:
Identified as high priority
by PRM

Findings of
maltreatment

No findings of
maltreatment

Total

Yes

a

b

a+b

No

c

d

c+d

a+c

b+d

n

Total

(2) False positive (FP) count is the number of children in the predicted high priority group referred who subsequently
have no substantiated findings of maltreatment. FP = b.
(3) False negative (FN) count is the number of children not in the predicted high priority group referred who
subsequently have substantiated findings of maltreatment. FN = c.
(4) Positive Predictive Value (PPV) is the proportion of children in the predicted high priority group referred who
subsequently have substantiated findings of maltreatment. PPV = a / (a + b).
(5) Negative Predictive Value (NPV) is the proportion of children in the predicted low priority group not referred who do
not subsequently have substantiated findings of maltreatment. NPV = d / (c + d).
(6) Sensitivity measures the proportion of children who go on to have substantiated findings of maltreatment who are
correctly identified as being high priority and referred. Sensitivity = a / (a + c).
(7) Specificity measures the proportion of children who do not go on to have substantiated findings of maltreatment
who are correctly identified as being low priority and not referred. Specificity = d / (b + d).

Positive predictive value and sensitivity with increasing age
75 Figure 1 shows that positive predictive value builds with increasing age for the five percent
of children in the 2007 study population with the highest scores. Projecting forwards from
current trends, by age 10 the proportion of children referred using this as the threshold
who would have subsequent findings of maltreatment might reach four in ten.
76 Sensitivity declines with age. Referring the five percent of 2007-born children with the
highest scores would have captured 41.5 percent of children with substantiated findings of
maltreatment by age one. This falls to 31.6 percent of children with substantiated findings
by age five and projecting forwards might be around one in five by age 10.
77 Substantiated and unsubstantiated notifications may not be dissimilar in terms of the
presence of risk factors or in the rate of re-notification (Drake, 1996; Hussey et al., 2005;
Fluke, 2009). Notifications that do not result in substantiated findings may involve high
levels of harm, but insufficient evidence, moderate levels of harm that do not meet the
threshold for findings to be recorded, or events where no harm has occurred but that
suggest risk of future harm, in addition to situations where the child is at low risk of harm.
78 With this in mind, it is useful to also consider accuracy in predicting which children would
be notified. Had the five percent of children in the 2007 study population with the highest
scores been defined as high priority children for referral, by age five, 57.2 percent of these
children would have at least one notification (Figure 1). Projecting forwards, the
proportion who are notified might rise to seven in ten by age ten. The referred group
would account for 22.0 percent of all notified children by age five (Figure 2) but 31.4
percent of all notifications by that age.

Final report on feasibility of using predictive risk modeling 23

Figure 1. Positive predictive value and sensitivity, where the five percent of children with the
highest scores are high priority for referral
(1)
2010 models applied to children born in 2007 with birth registration or on benefit by 3 months of age
Positive predictive value

Sensitivity

Notes:
(1) Based on conservatively linked data. This is known to understate the proportions with CYF contact and findings
of maltreatment.
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79 A tool based on the circumstances of a child at birth has better sensitivity in infancy than
in later years because it misses newly emerging circumstances that threaten or protect
the child as he or she ages (Leventhal, 1988). If PRM is to be implemented, the feasibility
of additional screening based on information that becomes available at older ages
(including, for example, caregiver change data available from the benefit system
(Vaithianathan et al., 2012) or education data) would be explored.
80 Implementation of a PRM tool in the manner outlined in the White Paper would require a
decision to be made about the threshold for referral. This decision is likely to be informed
by a range of factors, including the capacity of the Children’s Teams and the availability of
services, as well as predictive accuracy.
81 Choice of threshold would need to recognize the trade-off between positive predictive
value and sensitivity. Setting a threshold to maximize the proportion of the referred group
who would go on to experience the outcome (at, say five percent) means identifying fewer
of the total pool of children who would experience this outcome (i.e., a higher number and
rate of false negatives). On the other hand, setting a lower threshold to identify more of
the total pool of children who would go on to experience this outcome (at, say 10 percent)
means that fewer of those referred would actually go on to experience this outcome (i.e., a
higher number and rate of false positives).
82 The output from a PRM is a probability and represents the likelihood of an uncertain future
event. Regardless of the threshold chosen, models will identify as low priority some future
children who are the victims of high profile abuse or neglect, and identify as high priority
children who would never experience abuse or neglect. This needs to be acknowledged
as an inevitable limitation of any early identification approach.

Comparison with other tools for early identification
83 Leventhal (1988) provides a guide to what should be able to be achieved with a “good”
predictor for child maltreatment, accepting that perfect prediction is impossible given that
determinants of human behaviour are complex, and factors affecting risk change over
time. He defines a good predictor as an assessment that has a positive predictive value of
25 percent or more, sensitivity of 40 to 60 percent, and specificity of 90 percent or more
(Leventhal, 1988).
“A positive predictive accuracy of 25 per cent means that only one quarter of the children
who are identified as being at high risk will subsequently be maltreated. However, another
large group of the high-risk families (perhaps 25 per cent or more) may have parenting
problems other than maltreatment and thus will likely benefit from some form of
intervention. Initially, services could be offered to all who are considered to be at high-risk
and then the intensity of the intervention could be adjusted to the family’s needs and
functioning over time. A sensitivity of 40 to 60 per cent means that only about half of the
children who are subsequently maltreated will be included in the high-risk group. These
rates of the positive predictive accuracy and sensitivity should result in a very high
specificity.” (Leventhal, 1988: 157).
84 Few tools developed previously meet all three of these criteria. In one review, only one of
the tools reviewed met all three criteria and only two combined specificity over 80 percent
with a positive predictive value above 25 percent (Peters and Barlow, 2003).
85 Assessed in terms of its ability to predict findings of maltreatment by age five, the base
model presented here meets all three criteria where the threshold for defining children as
high priority captures the seven to ten percent of children with the highest scores (Table
2).
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86 Where the threshold captures the five to six percent of children with the highest scores,
the base model meets the positive predictive value and specificity criteria by age five, and
meets the sensitivity criterion for maltreatment findings to age one but falls short of
meeting that criterion for maltreatment findings to age five.
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5. Data linkage
87 An important question for this feasibility study is whether administrative data from across
agencies and across system databases within agencies can be successfully linked in a
timely and accurate manner to support PRM.
88 The base model uses data assembled using linkages that are “conservative” in that child
data from two systems or two agencies are linked only if there is a very high level of
agreement between the child’s identity details in the two systems and the given name of
at least one parent or caregiver in the two systems is the same. Parent or caregiver
identities are only linked if there is a very high degree of agreement in their identity details
(see the technical companion report for the rules applied).
89 The aim of the conservative linkage is to approximate an automated administrative
approach which would seek to minimise the likelihood of erroneously linking one
individual’s information to another individual (false-positive linkages). Inevitably, this leads
to some instances in which information that did in fact relate to the same individual fails to
be linked (false-negative or “missed” linkages).
90 For comparison, a less conservative linkage of the data was also formed. This allowed
links to be made where conservative linking criteria were not met but the chance of the
data relating to the same individual was high. The preliminary research on PRM
undertaken by Vaithianathan et al. (2012) was based on a less conservative linkage of
data.
91 This section summarises the results from a clerical check of the accuracy of the linkages,
and tests the sensitivity of the base model’s predictive accuracy to the level of
conservatism applied in the linkage of data.
A clerical check of accuracy in the linkage
92 To assess the quality of the linkages formed for the study, a clerical check was undertaken
for a stratified random sample of linked records for 527 children born in 201017 and 176 of
their caregivers.18
93 The 2010 cohort was chosen for the checking because it allowed stratification by recorded
maltreatment outcomes by age two (so as to over-sample cases that are more likely to be
scored as high risk and for whom predictions could be informed by large numbers of
linkages). It is a reasonably recent cohort for which data capture and data quality would
closely approximate that of the current administrative systems.
94 The checkers examined the quality of the identity linkages across the benefit, care and
protection, Corrections and birth registration systems.19 Where the data being linked
included benefit or care and protection identities, searches were carried out by systems
experts using the relevant administrative systems. Where it included other agencies’
data, searches for possible missed and false positive matches were conducted within the
identity data supplied.

17

Records were sampled for children who appeared in each of the administrative systems included in the check
within 3 months of birth with the aim of approximating the study population used for this research. See the
Technical Appendix for details.

18

This involved checking linkages for the parents and caregivers of around one in five of the children in each
stratum.

19

At the time the clerical check was performed the project team had not received the Ministry of Health data so
identities from this system were not included in the checking reported here.
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95 Table 4 shows that in the vast majority of cases, the linkages formed for the children
agreed with those arrived at on clerical inspection, with a higher rate of agreement for the
less conservative data linkage (99.6 percent) than for the conservative linkage (95.3
percent). All the errors found involved missed linkages.
Table 4. Proportion of cases in which child linkages agree with clerical check
Weighted estimates based on a stratified random sample of children born in 2010 (n = 527)
Group

Conservative linkage (%)

Less conservative linkage (%)

Across all children

95.3 (95% CI 93.1 - 97.0)

99.6 (95% CI 97.5 - 100.0)

Children with findings of maltreatment by age 2

82.4 (95% CI 77.3 - 86.2)

99.0 (95% CI 95.0 - 99.8)

Children with no findings of maltreatment by age 2
95.8 (95% CI 93.5 - 97.5)
Notes:
95% CI = 95 perecent confidence interval for the estimates.

99.6 (95% CI 97.4 - 100.0)

96 The area that posed the most problems was the linkage of care and protection records for
a child with records from other systems, with agreement between the conservative linkage
and the clerical check in only 82.4 percent of cases where the child had findings of
maltreatment by age two. Virtually all of the unmatched cases could be successfully
linked in the less conservative linkage, with agreement between that linkage and the
clerical check in 99.6 percent of cases.
97 Difficulties in linking care and protection data reflect a general practice of establishing care
and protection administrative identities without identity verification. Missed matches
frequently occur where information about the child’s identity omits or estimates key
information (such as date of birth), is subject to some inaccuracy (for example, in the
reporting of the child’s name), or uses informal rather than formal names for the child,
parents or caregivers.
98 In contrast, children included in a caregiver’s benefit must have their identity verified
against a birth certificate, either before or shortly after the granting of the child inclusion.
As a result, the child identity information in the benefit system is of relatively good
quality.20
99 When looking at the accuracy of the links for a child and all the adults associated with
them, the rate of agreement with links arrived at on clerical inspection was lower at 81.9
percent for the conservative linkage and 93.8 percent for the less conservative linkage
(Table 6). The lower accuracy reflects the increased likelihood that any one of the people
involved could have had an error in the data linkage, and the higher rate at which errors
were found for the adults reflecting their longer, and in some cases more complex,
histories.

20

However, it is apparent that birth certificates are not always referred to as a small number of children are
included in benefit for months or years before their birth is registered. See Figure 4.
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Table 5. Proportion of cases in which child and all associated adults’ linkages agree with
clerical check
Weighted estimates based on a stratified random sample of children born in 2010 (n = 96)
Conservative linkage (%)
Across all children
81.9 (95% CI 67.7 - 91.7)
Notes:
95% CI = 95 perecent confidence interval for the estimates.

Less conservative linkage (%)
93.8 (95% CI 80.4 - 98.8)

100 For the adults, all of the errors found in the conservative linkage were missed matches. In
the less conservative linkage, the error rate for adults was lower, but errors found included
false positive linkages (4 for the 176 adults checked) where one individual’s information
was erroneously linked to another individual, as well as missed matches (2 for the 176
adults checked).
101 Depending on the number of other children in the family, the analysis data for one child
could potentially draw on as many as 20 to 30 individual-to-individual linkages between
systems. The estimates presented here (which only consider accuracy of linkages for the
reference child and the related adults) should therefore be viewed as conservative
estimates of the proportion of cases in which the information informing risk scoring might,
under a conservative data linkage, be incomplete as a result of missed linkages.
102 While for the children no false positive matches were found in the clerical review, these
were uncovered in other examination of the data. In some of these cases, information for
twins was erroneously linked due to the similar patterning of the two children’s names (for
example, twins with the same given name, different middle names, and same surname
were erroneously linked and treated as one child under both conservative and less
conservative linkages).
Accuracy of predictions with a less conservative data linkage
103 Table 6 compares predictive accuracy and the composition of the referred group when the
base model predictive algorithm (derived using the conservative data linkage for the 2010
cohort) is applied to the 2007 study population with data assembled using a conservative
data linkage (column A) then applied to that same study population with data assembled
using a less conservative linkage (column B).
104 Shifting from the conservative to the less conservative data linkage, the number of
children risk scored falls by around 1,000 (reflecting an increase in cases where records
are viewed as relating to the same rather than different children), and the proportion of
children in the cohort overall with findings of maltreatment by age five increases from 4.8
percent to 6.0 percent (reflecting the greater success the less conservative data linkage
has in linking care and protection records for the children).
105 Were the 3,000 children with the highest scores to be defined as high priority for referral
(close to five percent of the conservatively linked population), positive predictive value for
findings of maltreatment by age five increases from 30.7 to 37.2 percent comparing the
two linkages. Sensitivity changes little, suggesting that missed information on findings of
maltreatment under the conservative linkage occurs for children at both lower and higher
assessed risk.
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Table 6. Risk scoring the 2007 cohort using the 2010 base model with conservative and less
conservative linkages of data
2010 models applied to children born in 2007 with birth registration or on benefit by 3 months of age

Number in 2007 cohort
% with findings of maltreatment by age 5
Using the 3,000 children with the top scores to define high-priority for referral:
% referred children with findings by age 5 (PPV)
% all children with findings by age 5 referred (sensitivity)
% all children with no findings by age 5 not referred (specificity)

A
Risk scoring
based on
conservatively
linked data
62,273
4.8

B
Risk scoring
based on less
conservatively
linked data
61,282
6.0

30.7
30.7
96.5

37.2
30.5
96.7

Other children with a care and protection history in the last 5 years

59.9

65.5

Single parent

87.7

88.5

Mother or caregiver aged under 25

54.6

54.3

Parents or caregivers with a care and protection history as a child

57.2

60.8

Child seen on benefit by 3 months of age

92.3

93.0

Profile of referred children (%):

106 The largest changes in the composition of the 3,000 children with the highest scores
comparing the two linkages are in the proportions with other children or parents or
caregivers with a care and protection history. This is consistent with care and protection
data being the area where information is most likely to be missed with a conservative data
linkage.
107 Of all the children who were among the 3,000 with the highest scores in the conservative
linkage:


41 (1.4 percent) were also among the 3,000 children with the highest scores in the
less conservative linkage, but appeared twice among the 3,000 children with the
highest scores in the conservative linkage because of a missed identify match



403 (13.4 percent) did not appear among the 3,000 children with the highest
scores in the less conservative linkage (other children had been assessed as at
higher risk).

108 These results highlight the potential for errors in prediction arising from the need to link
data across administrative systems, and the potential for gains in predictive accuracy to
be made if the level of conservatism in data linkage is able to be reduced.
109 Implementation of PRM would require careful decisions to be made about the degree of
conservatism in data linkage. It needs to be acknowledged that an approach designed to
minimise false positive linkages will inevitably mean that some information that should
inform the assessment of risk for a child but is held under identities that are more difficult
to link with certainty will be missed.
110 Given the potential for error, a system for review of the linkages that inform the risk scoring
would be recommended before details of a high risk child were used as part of any
working PRM. Such a system would aim to find cases where information has been
missed and there is identity information in the source administrative systems that needs
correction. It would also aim to prevent an approach being made to a family where a
linkage error means an unrelated person’s information has inflated the child’s risk score.
Having an effective system of review in place may allow a less conservative approach to
data linkage to be taken, and improvements in predictive accuracy to be realised.
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6. Proportionality of predictions
111 A concern with PRM is that it might be driven by (and, in turn, intensify) an overrepresentation of Māori and other social groups in the care and protection system that is
disproportionate to their share of maltreatment – that it might have a “ratchet” effect
(Harcourt, 2006) that feeds a cycle of bias in surveillance and, as a result of that
surveillance, in findings of maltreatment. At the same time, it may feed a cycle of underserving children at risk in other population sub-groups.
112 This section examines whether the representation of selected social groups among those
who might be referred by a PRM is proportionate to their share of the population of
children known to be maltreated, based on CYF administrative data on substantiated
findings of abuse and neglect.
113 What is not addressed here but is being examined in further research is the question of
whether the representation of these groups would be disproportionate relative to their real
share of maltreatment, acknowledging that known maltreatment accounts for only part of
the abuse and neglect that occurs (Munro, 2011; Gilbert et al., 2009; Runyan et al., 2002;
Child Youth and Family, 2006). Whether the over-representation of some sub-groups of
children among those with findings of maltreatment genuinely reflects heightened
maltreatment risk, or reflects bias in surveillance and substantiation, is the subject of
unfolding understanding (in the case of ethnic over-representation - Drake et al., 2011;
Putnam-Hornstein, 2012) and continued uncertainty (in the case of over-representation of
children and families with prior care and protection services - Fluke, et al., 2008).
Proportionality for Māori
114 Table 7 looks at children born in 2007 for children for whom ethnicity is known from birth
registration information. It compares the ethnic composition of this cohort with that of the
subgroup of children known to be maltreated by age two, and that of the 3,000 children
with the highest risk scores when the cohort is risk scored using the 2010 base model.
(Recall that ethnic group is not included in the model as a predictor.)
115 It is not currently known whether the high representation of Māori children among those
known to be maltreated accurately reflects their real share of maltreatment. Against a
historical back drop of colonisation, rapid urbanisation and concentration in industries
most affected by job loss, Māori are disproportionately represented in deprived
communities, and bear a disproportionate share of a range of social harms that are risk
factors for child abuse and neglect (Cooper and Wharewera-Mika, 2009; Cram, 2012;
Child Youth and Family, 2006). Research under way is assessing whether, in addition to
the impact of these risks, there is any indication that bias in reporting or substantiation
also contributes to their over-representation among children known to be maltreated.21
116 Of those whose ethnicity is known, Māori children would be slightly over-represented
among the children referred, relative to their share of known maltreatment (comprising

21

Recent findings from United States research suggest that the higher rate of contact with the child welfare
system for black children in that country largely reflects real differences in the underlying incidence of
maltreatment, and this, in turn, reflects stark differences in the burden of poverty and associated social harms
(Bartholet et al., 2011; Drake et al., 2011; Putnam-Hornstein et al., 2013b). At the same time, there is some
evidence to suggest that for Canadian children subject to child maltreatment investigations, placement occurs
more frequently where the investigating agency proportionately has a higher aboriginal caseload, potentially
pointing to bias in child protection outcomes resulting from inequities in child welfare resourcing (Chabot et al.,
2013; Fallon et al., 2013). For a collection of studies and discussion, see
http://www.law.harvard.edu/programs/about/cap/cap-conferences/rd-conference/rd.conference.papers.html.
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69.2 percent of the five percent of children with the highest risk scores compared with
60.9 percent of children known to be maltreated by age two). Children of Pacific, Asian
and NZ European ethnicities would be under-represented. One way of addressing this
imbalance is to deploy separate models for Māori children and children who are not
known to be Māori and select the highest risk scored children for referral from each model
in proportion to shares of known maltreatment. This approach is explored below.
Table 7. Ethnic composition of children overall, children with findings of maltreatment
by age two, and the 3,000 children with the highest PRM scores
(1)
2010 models applied to children born in 2007 with birth registration or on benefit by 3 months of age
Ethnic group(s) (total response)(2)

% of all children

% of children with
findings by age 2

% of the 3,000
children with the
highest PRM scores

Composition of children in group with non-missing ethnicity:
Māori

28.4

60.9

69.2

Non-Māori

71.6

39.1

30.8

NZ European

71.4

53.2

49.9

Pacific

14.7

21.7

18.9

Asian

11.3

4.2

2.0

Other
1.8
0.8
1.0
% of all children in group with
2.4
2.8
10.5
missing ethnicity data (3)
Notes:
(1) Based on conservatively linked data. This is known to understate the proportions with CYF contact and findings
of maltreatment.
(2) Ethnic groups are as recorded on the birth registration for the child.
(3) Ethnicity data are missing for children for whom there is no linked birth registration data, considering all birth
registrations made by June 2012. Possible reasons for the apparent absence of a birth registration (and as a result
missing ethnicity data) include (i) being not born in New Zealand (ii) being born in New Zealand and remaining
without a birth registration at June 2012, and (iii) being born in New Zealand and with a registered birth but there
being differences in identity information in the births and benefit data which meant that the records could not be
linked with the data linkage algorithms applied.

Proportionality by other characteristics
117 On a range of other measures, PRM would refer children in numbers that do not reflect
their share of known maltreatment (Table 8). It would, for example, refer too many newborn children:


with parents or caregivers who receive benefit (comprising 92.3 percent of the five
percent of children with the highest risk scores compared with 79.0 percent of
children known to be maltreated by age two)



in a family where other children have had contact with care and protection
services (59.9 percent compared with 34.9 percent)



with parents or caregivers with known childhood contact with care and protection
services (57.2 percent compared with 43.2 percent)

118 The base model is best able to predict high risk where there is prior contact with social
agencies or a sibling history of contact. Where there has been little or no such contact,
the model relies only on the information that can be derived from birth registration and
birth notification data (age of mother, for example). Consistent with other research, this
information, on its own, is not as strong in distinguishing high from low risk (Leventhal,
1988), and children for whom only this information is available are under-represented
among those with the highest predicted risk, relative to their share of known maltreatment.
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Table 8. Profile of children overall, children with findings of maltreatment by age two, and the 3,000 children with the highest PRM scores
(1)
2010 models applied to children born in 2007 with birth registration or on benefit by 3 months of age
% of all
children
Male child
Low birth weight child or pre-term birth
Multiple birth child, other children under 2 or 3+ children
No other children (estimated)(2)
Other children with a care and protection history in the last 5 years
Other children with a Police family violence notification or contact record in the last year
Single parent
No birth registration at 3 months of age
Mother or caregiver aged under 25
Parents or caregivers with a care and protection history as a child
Parents or caregivers with findings of behavioural or relationship difficulties as a child
Child seen on benefit by 3 months of age
Mother or caregiver's spent 80-100% of time on benefit in the last 5 years
Parents or caregivers received benefit for a substance abuse disorder in the last 5 years
Parents or caregivers received benefit for other mental health disorder in the last 5 years
Primary caregiver's with 1+ address changes recorded in benefit data in the last year
Parents or caregivers with any sentence in the last 5 years
Parents or caregivers with a custodial sentence in the last 5 years
High deprivation neighborhood (deciles 8-10, of non-missing)

51.5
8.2
20.1
59.4 =
4.8
0.8
24.6
6.3
25.3
9.8
3.5
23.2
11.7
1.5
4.9
11.6
7.2
3.1
36.9

% of children with
findings by age 2
53.0
10.7
32.9
51.1
34.9
8.6
74.3
26.1
53.5
43.2
19.1
79.0
50.7
8.2
17.4
26.1
25.5
11.1
69.0

% of the 3,000 children
with the highest PRM
scores
52.5
8.2
38.1
45.7
59.9
12.4
87.7
35.5
54.6
57.2
29.1
92.3
65.5
14.1
19.0
30.4
33.6
16.6
70.7

Notes:
(1) Based on conservatively linked data. This is known to understate the proportions with CYF contact and findings of maltreatment.
(2) If children are identified through benefit data first time caregiver status is assumed to apply if the caregiver has never previously received benefit with a dependent child, looking
back to 1993. If children are identified through birth data, first time caregiver status is assumed to apply if the birth registration indicates that there have been no previous children from
the same parent relationship and there are no New Zealand registered previous births to the same mother (looking back to 2004). Note that this will overstate cases where there are
no other children where it misses previous children from a different parent relationship and where it misses previous New Zealand registered births that occurred prior to 2004.
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7. Sensitivity to use of separate models to control disproportionality
119 In any implementation, over-representation relative to known maltreatment could be
addressed by deploying separate models for population sub-groups and selecting
numbers from each in proportion to their share of known maltreatment.
120 Table 9 presents measures of predictive accuracy when the 3,000 children in the 2007
cohort with the highest predicted risk are identified using this approach. It demonstrates
the combination of separate models for:


Māori new-borns versus new-borns who are not Māori or for whom ethnicity is not
recoded



new-borns in families where there are other children with a care and protection
history versus those who were not



new-borns supported by benefit by three months of age versus those who were
not.

121 The technical companion provides details of the six separate models and their predictive
performance when assessed using the validation sample for each sub-population and
the scored study population (Appendix 2).
122 Compared with the base model, combining separate models has little impact on overall
positive predictive value and sensitivity (Table 9).
Table 9. Combining separate models to identify the 3,000 children with the highest PRM scores
(1)
2010 models applied to children born in 2007 with birth registration or on benefit by 3 months of age
% referred
children with
findings by
age 5
(PPV)
Base model

% not referred
children with
no findings by
age 5
(NPV)

% all children
with findings
by age 5
referred
(sensitivity)

% all children
with no
findings by
age 5 not
referred
(specificity)

30.7

96.5

30.7

96.5

30.1

96.4

30.0

96.5

Combining separate models for:
Māori child versus not

(2)

With other children with care and
29.6
96.4
29.5
96.4
protection history versus not
Child supported by benefit versus not
30.4
96.5
30.3
96.5
(1) Based on conservatively linked data. This is known to understate the proportions with CYF contact and findings
of maltreatment.
(2) Ethnic groups are as recorded on the birth registration for the child. Children can have more than one ethnic
group recorded. Ethnicity data are missing for children for whom there is no linked birth registration data,
considering all birth registrations made by June 2012. Where ethnicity is missing, the child is included in the “not
Māori or ethnicity not recorded” model.

123 In some cases, addressing disproportionality along one dimension reduces
disproportionality along others (for example, addressing disproportionality in the
representation of new-borns supported by benefit reduces the disproportionate
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representation of children of single parents) (Figure 2)22. In other cases, addressing
disproportionality along one dimension intensifies that occurring on other dimensions (for
example, addressing disproportionality in the representation of new-borns in families
where there are other children with a care and protection history increases the
disproportionate representation of children with parents or caregivers with a care and
protection history in their own childhood and increases the disproportionate representation
of children with younger parents).
124 The results show that addressing disproportionality on a particular dimension of concern,
and in particular bringing the representation of Māori children and children in families
where there are other children with a care and protection history into line with their share
of known maltreatment, is possible to achieve without notable loss of predictive accuracy.
At the same time, a solution that addresses disproportionality on all dimensions of concern
is unlikely.
Need for further development
125 If there is a decision to take PRM to trial and to operationalize separate models to control
disproportionality, further development would be required.

22



In the demonstration of a separate model for Māori new-borns outlined above,
ethnicity information is based on total response ethnicity data available from birth
registrations to June 2012. This overstates the information on the ethnicity of the
child that would be available to any working model (from Table 8, for 6.3 percent of
children overall and 35.5 percent of the 3,000 children with the highest risk scores,
the birth was not registered at three months of age). Options for operationalization
include basing the separate modelling on the ethnicity of the parents or caregivers,
or using the birth registration ethnicity information where it is available and imputing
child ethnicity based on that of the parents or caregivers in remaining cases. If the
decision is to proceed without birth registration data, the ethnicity of the child could
not be used as the basis for separate models, and the ethnicity of the parents or
caregivers would need to be used (noting that where benefit income is received,
only one parent or caregiver is known in most cases).



In the demonstration of separate models generally, the predictor variables and
categories used in the modelling could be better tailored to the relevant subpopulation. For example, in the model for new-borns in families where there are
other children with a care and protection history, a finer breakdown of the nature of
that history and tailoring of other variables could improve model performance.

Figure 2 presents proportionality for Maori children considering their representation in the total child population (including
children for whom ethnicity is missing) where Table 7 considers their representation in the population with non-missing
ethnicity information.
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Figure 2. Proportionality combining separate models to identify the 3,000 children with the
highest PRM scores
(1)
2010 models applied to children born in 2007 with birth registration or on benefit by 3 months of age
Combining separate models for Māori child versus not

Combining separate models for children where other children with a care and protection history versus
not

Combining separate models for children supported by benefit versus not

(1) Based on conservatively linked data. This is known to understate the proportions with CYF contact and findings of
maltreatment.
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8. Sensitivity to alternative specifications of the target variable
126 This section tests sensitivity to alternative specifications of the target variable,
acknowledging that there are possible concerns with use of substantiated findings of
maltreatment, the outcome targeted in the base model, as a proxy for the real occurrence
of maltreatment.


Some research suggests that reports or notifications of maltreatment, rather than
substantiations, may provide a more accurate demarcation of whether harm has
occurred (Drake, 1996; Hussey et al., 2005; Fluke, 2009).



Past changes in administrative processes in New Zealand have greatly increased
the incidence of findings of emotional abuse (CSRE, 2012) highlighting the role
that administrative processes can play in shaping the rate of maltreatment
substantiations.

127 Table 10 compares models for a range of target variables. The base model (A) and
models targeting notifications (B), investigations or Child and Family Assessments (C) and
findings of physical or sexual abuse or neglect (maltreatment excluding the emotional
abuse category (D)) all have AURs sitting between 86 and 90 percent indicating good
ranking ability. AUR is lower at 79 percent for the model targeting either physical abuse or
hospitalisation for maltreatment or marker injuries.
128 The models excluding emotional abuse from the target (D) and targeting physical abuse
or maltreatment or marker injury hospitalisations (E) have a lower misclassification rate
and model D has high cumulative lift. These improvements partly reflect the mechanical
effects of targeting outcomes that are more rare.
129 Using the 2010 models to risk score the cohort born in 2007 and identify the 3,000
children with the highest scores:


positive predictive value for the outcome targeted varies in line with the rarity of
the events



sensitivity, in terms of capture of the children with the outcome targeted among
those who would be referred, is highest for the model targeting physical or sexual
abuse or neglect (D) and for the base model (A).

130 In addition to the base model, models targeting a range of care and protection outcomes
perform well in terms of AUR and could be explored further in any operationalisation.
131 Models that predict which children will be notified to CYF or will be the subject of an
investigation or Child and Family Assessment have high positive predictive value, and
while they have relatively low sensitivity for the outcomes they target when assessed at a
given threshold relative to the base model, sensitivity is higher at thresholds more in line
with the population prevalence of these events.
132 A model that predicts which children have findings of maltreatment excluding the more
volatile emotional abuse category inevitably has lower positive predictive value than the
base model for the outcome it targets, but this builds with age, and otherwise the model
performs well with the highest sensitivity of all the models at a given threshold.
133 Due to poorer model performance and the rarity of the events targeted, development of a
model for predicting which children will have substantiated findings of physical abuse or
will be hospitalised for maltreatment related injuries or marker injuries is not feasible, with
very low positive predictive value and relatively low sensitivity.
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Table 10. Base model compared with models with alternative target variables
(3)
(1)
Developed for children born in 2010 with a birth registration or seen on benefit by 3 months of age and used to risk score children born in 2007

Number in cohort
% with targeted outcome by age 2
Sample size for modelling
AUR (validation sample)
(95% confidence interval)
Misclassification rate at selected threshold(4) (scored 2007 study population)
Cumulative Lift at selected threshold(4) (scored 2007 study population)
(4)

A

B

Base model
(targeting
substantiated
maltreatment)

Targeting
notifications (2)

C

D

Targeting
Targeting
investigations or
substantiated
Child and Family physical or sexual
Assessments
abuse or neglect

E
Targeting
substantiated
physical abuse or
maltreatment or
marker injury
hospitalisation (3)
188,783

63,176

63,176

63,176

63,176

2.8

8.0

5.5

1.1

0.1

8,750

63,176

17,326

3,415

3,565

89%

86%

87%

90%

79%

(88%-91%)

(85%-87%)

(85%-89%)

(88%-92%)

(76%-83%)

4.2%

9.3%

6.6%

1.8%

1.3%

8.3

5.1

6.5

12.1

7.9
2.4

19.1

37.9

29.5

12.0

% sensitivity for the targeted outcome by age 2 at selected threshold (4) (scored 2007 study population)

24.9

41.0

32.3

12.1

7.9

% specificity for the targeted outcome by age 2 at selected threshold (4) (scored 2007 study population)

97.5

94.6

96.3

99.1

99.0

% PPV for the targeted outcome by age 2 at selected threshold

(scored 2007 study population)

Using the 2010 outcome specific model to risk score the 2007 cohort and the 3,000 children with the top scores to define high-priority for referral:
% referred children with targeted outcome by age 5 (PPV)

30.7

50.4

48.1

15.9

3.9

% all children with targeted outcome by age 5 referred (sensitivity)

30.7

18.7

25.4

34.8

26.9

% all children without targeted outcome by age 5 not referred (specificity)

96.5

97.3

97.2

95.9

95.3

% referred children with findings of maltreatment by age 5 (PPV)

30.7

31.7

30.7

30.9

28.7

% all children with findings of maltreatment by age 5 referred (sensitivity)

30.7

31.6

30.6

30.8

28.7

% all children without findings of maltreatment by age 5 not referred (specificity)

96.5

96.5

96.5

96.5

96.4

Notes:
(1) Based on conservatively linked data. This is known to understate the proportions with CYF contact and findings of maltreatment.
(2) Including Police FV notifications, and contact records for children known to Child Youth and Family.
(3) Includes maltreatment injury hospitalisations by age 2 and hospitalisation for intracranial injury or long-bone fracture by age 1. Excludes short-stay emergency department hospital
admissions. For this model, the rarity of the target variable made it necessary to pool data over cohorts in order to create the sample for modeling. The number in cohort reports the total
numbers in the cohorts born 2008, 2009 and 2010 from which the sample for modeling was drawn.
(4) 3% for A; 8% for B; 5% for C; 1% for D and E. The threshold for each is selected to approximate the actual percentage with the outcome targeted by age 2.
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9. Sensitivity to agency data drawn on
134 One of the tasks of the feasibility study is to assess which agency data would be needed
in order to make the best early identification predictions. Table 11 examines the impact on
predictive accuracy and selected measures of proportionality of either adding or
successively dropping agency data:


column B presents the base model developed for the 2010 cohort and simulates
scoring the 2007 cohort and referring the most risky 3,000 children identified by
the model



column A presents a model that is applied to the same population as the base
model23 but also draws on linked Ministry of Health data



column C drops from the base model the linkage with births data and presents a
model that scores only children identified through their inclusion in a caregiver’s
benefit, and relies on predictors sourced from benefit, care and protection and
Corrections administrative data - this removes around three quarters of children
(being those not included in benefit within three months of birth) from the
population screened



column D also drops the sentencing administrative data, and instead includes a
predictor variable that shows whether transitions between benefit and prison
occurred in the previous five years (derived from benefit data) – this final model
scores only children identified through their inclusion in a caregiver’s benefit, and
relies only on predictors sourced from benefit and care and protection
administrative data.

Sensitivity to a more extensive data linkage - the inclusion of Ministry of Health data
135 Additional variables considered in the model that includes Ministry of Health data are
outlined in Box 2 and described in more detail in the technical companion report.
Inclusion of Ministry of Health data resulted in large statistically significant improvements
in the predictive value of the mental health and address change markers and a small
improvement in that of the low birth weight or pre-term marker, as measured by the AUR
for a model that included only that variable (but no significant improvement in the
predictive value of the parenting demands and family violence markers).
136 Despite this, the model that includes Ministry of Health data performs no better than the
base model comparing AUR and the misclassification rate at the three percent threshold.
Performance as measured by cumulative lift is slightly improved (from 8.3 to 8.7 percent),
indicating that at highest risk scores the model with Ministry of Health data slightly
improves the identification of children with findings of maltreatment. When used to risk
score the 2007 study cohort and to identify the 3,000 children with the highest risk scores,
however, sensitivity and specificity are unchanged compared with the base model, and
positive predictive value shows only a very small improvement.
137 On selected measures where the base model shows disproportionality relative to known
maltreatment (see Tables 7 and 8), the model that includes Ministry of Health data would
reduce but not fully address disproportionality (with lower representation of Māori children,
children of single parents, and children supported by benefits). The model would leave
largely unchanged over-representation of new-borns where other children have a care

23

Numbers and the rate of findings differ slightly from the base model because with the addition of Ministry of
Health identity data, some linkages were re-formed.
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and protection history, and would intensify the over-representation of those with a parent
or caregiver with a care and protection history as a child (Table 11).
Box 2 Additional variables considered in the model incorporating Ministry of Health data
MoH - low birth weight or pre-term
(yes - <2.5Kg or <37 weeks gestation / no or unknown)
Based on
Birth registration data
MoH Maternity Collection data
MoH - parenting demands
(high demands - multiple birth child, child with a birth abnormality, other children under 2, or 3 plus other
children / no other children / other children but not high demands)
Based on
Birth registration data
MSD benefit data on other children included in benefit
MoH hospitalisation data on birth abnormalities and number of previous hospital births
MoH - Family violence
(no events / notification or contact record in 1 of the last 12 months / notification or contact record in 2+ of
the last 12 months, or mother hospitalised for assault in the last 5 years, or other child hospitalised for
maltreatment, intracranial or long-bone fracture injury by age 1)
Based on:
MSD CYF data on Police family violence notifications and contact records for other children
identified through benefit and birth records
MoH hospital admission data for mother
MoH hospital admission data for other children identified through benefit and birth records
MoH – parents’ or caregivers’ mental health in the last 5 years
(no known substance abuse or other mental health disorder / substance abuse disorder / 3+ years in last 5
with substance abuse disorder/mental health disorder other than substance abuse / 3+ years in last 5 with
24
mental health disorder other than substance abuse)
Based on:
MSD benefit data on incapacity codes recorded when parents or caregivers have claimed
Sickness or Invalid’s Benefits
MoH data on maternal history of addiction and non-addiction mental health service usage
MoH data on maternal history of prescribed pharmaceuticals used solely to treat substance use
and other mental health disorders
MoH data on maternal history of clinical codes indicating substance abuse and other mental health
disorders recorded for hospital admissions
MoH – parents’ or caregivers’ number of address changes
(no address changes / 1-2 address changes / 3 plus address changes / missing)
Based on:
MSD benefit data on addresses recorded in benefit data in the last year
MoH data on meshblocks recoded in Primary Health Organisation data for mother in the last year
MoH data on domicile codes recoded in hospitalisation data for mother in the last year
MoH - mother a smoker
(yes / no or unknown)
Based on MoH hospitalisation data on maternal smoking status at child’s birth
MoH - other child not fully immunised and no non-consent at age 1
(yes / no or unknown)
Based on MoH National Immunisation Register data for other children identified through benefit and birth
records. Coded “yes” where another child has immunisation status (excluding pneumococcal conjugate
vaccine) “not complete” at ages 6, 8 and 12 months and there is no record of a parent or guardian declining
immunisation.

24

Substance abuse is prioritised so that this category applies where a person is recorded as having both a
substance abuse and another mental health disorder, or where one parent has a substance abuse disorder and
another has a mental health disorder.
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Table 11. Models based on more extensive and more restricted linkages of data, 2010 cohort check base model
Stepwise logistic regression models developed for children born in 2010 with a birth registration or seen on benefit by 3 months of age (A and B) or children seen on
(1)
benefit by 3 months of age (C and D) and used to risk score children born in 2007
A

Number in cohort

B

C

D

Ministry of Health, Base model (benefit,
benefit, care and care and protection,
protection, sentencing sentencing and birth
and birth data)
data)

benefit, care and
protection and
sentencing data

benefit and care
and protection data

63,200

63,176

16,931

16,944

2.7

2.8

8.4

8.4

8600

8750

16,931

16,944

88%
(87%-90%)

89%
(88%-91%)

74%
(71%-76%)

74%
(72%-77%)

4.1%

4.2%

12.4%

12.2%

8.7

8.3

2.6

2.8

30.8

30.7

31.3

31.0

30.7

30.7

30.9

31.2

96.5

96.5

96.5

96.5

Māori child (of non-missing)

66.1

69.2

67.7

66.8

Other children with a care and protection history in the last 5 years

58.2

59.9

56.2

57.3

Single parent

78.6

87.7

89.5

86.0

Mother or caregiver aged under 25

57.3

54.6

61.2

61.0

Parents or caregivers with a care and protection history as a child

69.8

57.2

54.2

53.7

Child seen on benefit by 3 months of age

85.7

92.3

100.0

100.0

% with findings of maltreatment by age 2
Sample size for modelling

(2)

AUR (validation sample)
(95% confidence interval)
Misclassification rate at selected threshold(3) (scored 2007 study population)
Cumulative Lift at selected threshold

(3)

(scored 2007 study population)

Using the 2010 model to risk score the 2007 cohort and the 3,000 children with the top scores to define high-priority for referral:
% referred children with findings by age 5 (PPV)
% all children with findings by age 5 referred (sensitivity)

(4)

% all children with no findings by age 5 not referred (specificity) (4)
Profile of referred children (%):

Notes:
(1) Based on conservatively linked data. This is known to understate the proportions with CYF contact and findings of maltreatment.
(2) In Columns C and D the sample size for modeling is the same as the number in the cohort study population. This is because with a higher proportion with findings of maltreatment by
age two, it is not necessary to apply sampling to over-sample children who had the outcome targeted.
(3) 3% for A and B; 8% for C and D. The threshold for each is selected to approximate the actual percentage with findings of maltreatment by age 2.
(4) To allow comparison across models, sensitivity and specificity are calculated using the total number of children in the study population with and without substantiated findings by age 5
calculated for the base model study population as the denominators for all models. (They are not calculated only for the population screened in the particular model, which is lower in
models C and D).
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Sensitivity to more restricted data linkages
138 Models based on the more restricted data linkages (D and C) have a lower AUR, lower
cumulative lift and a higher misclassification rate than the base model. This is largely a
mechanical effect – the base model targets an outcome that is more rare in a relatively
low-risk population, and this results in fewer false positive predictions and higher
cumulative lift.
139 Comparing positive predictive value and sensitivity when identifying the 3,000 children
with the highest scores, the more restricted data linkages make only a small difference to
sensitivity and positive predictive value, and models C and D differ little from one another
in their predictive accuracy.
140 A clear limitation of these models is that they are only able to identify risk for new-born
children known to MSD.
141 Compared to a model based on benefit and care and protection data only:


adding data on Corrections managed sentences provides no substantive gain



adding births data also provides no substantive gain in predictive accuracy as
measured by sensitivity, specificity and positive predictive value, but does go some
way to addressing the disproportionate representation of children supported by
benefits among those identified as at high risk, and provides the basis for the
deployment of separate models applied across the population to fully control
disproportionality relative to known maltreatment on this or other dimensions of
concern, and for monitoring and controlling disproportionate representation of
Māori children



beyond the incorporation of births data, the further addition of Ministry of Health
data provides very little gain in predictive accuracy, and only modest benefit in
reducing disproportionality on selected dimensions.
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10. Main predictors
142 The administrative databases drawn upon for the study do not provide full coverage and
capture of all known risk and protective factors for maltreatment. They do not, for
example, capture risk factors such as poor bonding between mother and child or
unrealistic parental expectations. Nor do they capture important protective factors such
as the presence of a supportive adult. This prevents any investigation of the data aimed
at identifying the most important risk or protective factors, or explaining the causes of
maltreatment and sources of resilience that protect children who appear at high risk from
harm.
143 However, stepwise logistic regressions do allow the predictive utility of different
administratively derived risk markers to be assessed. This modelling approach can
produce unstable variable selection (a problem that is not a concern where the task is
prediction - as in the case of this study - rather than hypothesis testing (Austin and Tu,
2004)). However, we find that the most useful predictors are relatively stable across birth
cohorts and across various sensitivity tests.
144 Figure 3 looks across 16 of the models developed for the research (four base models for
different birth cohorts, six separate models for different population sub-groups, four
models for alternative target variables, and the two models that consider less extensive
linkages of data). It plots the frequency with which different predictor variables appear in
the models, and the average step-wise ranking in models in which they appear (a rank of
one indicating that the variable has the highest predictive value in the model).
145 The most frequently appearing and most important predictors are:


the presence of other children with contact with care and protection services in the
previous five years25



the length of time the mother or primary benefit recipient with care of the subject
child was supported by benefit in the previous five years



having a parent or caregiver who was known to have had contact with care and
protection services in their own childhood.

146 These three variables are also the top three predictors in the model that includes Ministry
of Health data (other variables appearing in that model are the smoking status of the
mother at birth, and the mental health history and address change indicators that include
Ministry of Health data).
147 The importance of the remaining predictors is more variable across the 16 models
assessed in Figure 3, with indicators related to mental health, sentencing history, family
violence, single parent status and caregiver age appearing the next most frequently in the
models, and the mental health indicator, CYF service centre, and family violence, single
parent status, caregiver age and sentencing history indicators having the next lowest
average ranking (highest predictive value) in the models in which they appear.
148 As noted, these variables cannot be interpreted as factors that cause maltreatment to
occur, only as useful predictors for identifying some of the children at high risk, whose
families may benefit from preventive services (Wu et al., 2004).

25

Excluding cases where other children had Police family violence notifications but no other contact with care and
protection services.
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149 Of all the variables considered, data on whether the child was low birth weight or pre-term
and the gender of the child had the least predictive utility.
Figure 3. Main predictor variables across 16 models

(1)

Notes:
(1) Obtained from stepwise logistic regression models where the significance entry level was set to 1 and
significance stay level was set to p<.02. Where a variable was not included in a model but was the criterion on
which separate models were developed, it is counted as appearing in the model.
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150 Figure 4 takes the 11 variables with the highest predictive value (excluding CYF service
centre) and uses these to create a series of 11 risk markers. Among children with the
highest two percent of risk scores, 84.7 percent have at least five of the 11 risk markers.
Among children with the highest five percent of risk scores, the proportion is 66.0 percent.
Among children in the study population overall, the proportion is 5.2 percent.
(1)

Figure 4. Percent of 2007 study population with five or more out of 11 selected risk markers by
risk score
2010 base model applied to children born in 2007 with birth registration or on benefit by 3 months of
age

Notes:
(1) Selected risk markers are:

the presence of other children with contact with care and protection services in the previous five years

mother or primary benefit recipient with care of the subject child was supported by benefit for more than 80
percent of the previous five years

a parent or caregiver who was known to have had contact with care and protection services in their own
childhood

a parent or caregiver with a benefit for substance abuse or other mental health disorder in the last five years

the presence of other children known to CYF for whom there are Police family violence notifications or contact
records in the last year

a parent or caregiver who is single

mother or primary benefit recipient aged under 20

a parent or caregiver with a Corrections sentence in the previous five years

a benefit caregiver who is not a parent listed on the birth registration

a parent or caregiver with high parenting demands

a parent or caregiver with at least one change in benefit address in the last year.
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11. Time to first observation in birth registration and benefit data
151 One of the implications of drawing on administrative data is that time lags in the
generation of those data would constrain the timeliness of early identification via a PRM
tool. This constraint does not apply in an early identification model that relies on
professional judgement, where children are known to professionals.
152 Figure 5 shows the proportion of New Zealand-born children who would be observed in an
administrative data base with increasing time from birth, based on less conservatively
linked data for children born in 2007.26 (The less conservative data linkage is used
because it provides the best estimate of the total number of unique children and the
degree to which they appear in multiple administrative systems – with a conservative data
linkage a child might appear in separate systems but not be recognised as the same
child).
153 In many cases, the claim for the child’s inclusion in benefit occurs some weeks after the
birth, and the payment commencement date is then backdated to the date of birth. The
research data available for this study provides only the payment commencement date.
Figure 5 links in other data to provide an estimate of the earliest date the child would
actually become known to the system (according to the data input date for the claim for
inclusion).
Figure 5. Percentage of New Zealand-born children observed in birth registration and benefit
data with increasing weeks of birth
(1)
2007 birth cohort

Notes:
(1) Based on less conservatively linked data which provides the best estimate of the number of unique children.
The total number of New Zealand-born children in the cohort is estimated to be all children with either a New
Zealand birth registration by June 2012, seen on benefit by 3 months of age or with a Ministry of Health maternity
record.

154 Based on the trajectories of the 2007 cohort, by three months of age (13 weeks):

26



just under one in five children would be known to the benefit system



91 percent would have their birth registered

Time lags for Ministry of Health data are not considered as these data provide little gain in predictive accuracy.
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94 percent would be known to the benefit system or have their birth registered.

155 Children known to the benefit system or with their birth registered by three months of age
accounted for 87 percent of all the New Zealand-born children in the 2007 cohort with
substantiated findings of maltreatment by age five.27
156 Extending the window to include children seen on benefit or with a birth registered by six
months of age would boost coverage of children overall to an estimated 98 percent, and
increase coverage of children with substantiated findings of maltreatment by age five to 94
percent.
157 If there is a decision to proceed with the trialling of a PRM tool, additional work could be
undertaken to investigate the feasibility of:


applying a model in the ante-natal period (using, for example, administrative data
on receipt of welfare benefits for reason of pregnancy)



using birth notification data as the basis for screening – a hospital (or doctor or
midwife present at a birth) is required to notify the Registrar General of Births
Deaths and Marriages of a birth within five days of the child being born – use of
this notification data would provide very high coverage and increase timeliness.

158 Potential for unintended consequences (for example, dissuading uptake of maternity
services by high risk mothers) would need to be considered.

27

Based on less conservatively linked data which provides the best estimate of the number of unique children and
their contact with CYF. The total number of New Zealand-born children in the cohort is estimated to be all children
with either a New Zealand birth registration by June 2012, seen on benefit by 3 months of age or with a Ministry of
Health maternity record.
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12. Legal and operational feasibility
Legal feasibility
159 Data linkage for the feasibility study reported here falls under research exceptions to the
New Zealand Privacy Act given that the information is being used for research purposes
and will not be published in any form that could reasonably be expected to identify the
individuals concerned.
160 Information sharing and data linkage for fully implemented PRM requires separate
consideration.
161 Linkage of benefit and care and protection data would comply with the Privacy Act as it
involves use of data collected for one purpose for a directly related purpose, and does not
require separate authorisation. However formalisation of this within-agency data linkage
for the purpose of PRM could be a useful mechanism for avoidance of doubt.
162 Linking data held by different Government agencies would require separate authorisation
(such as an Approved Information Sharing Agreement) where it does not involve use of
data collected for one purpose for a directly related purpose.
Operational feasibility
163 MSD has already developed and operationalised PRM tools that identify benefit recipients
at high risk of long-term benefit receipt. This previous work has established that
operationalising PRM tools is technically feasible. It also provides some lessons that
could usefully inform any operationalisation of a new model. These include the
importance of early engagement with front-line delivery agents, training, and feedback
mechanisms, and the need to link in death registration data.
164 Operationalising a PRM would require systems that ensure the secure handling of the
data drawn on and generated, and for ensuring protection from mis-use.
165 A Privacy Impact Assessment would be a useful first step in any implementation. It would
provide a framework for privacy protection in systems that feed in data from contributing
agencies and databases, that link data, that apply and regularly review risk scoring
algorithms and that generate and disseminate PRM information.
166 PRM algorithms would need to be refreshed at regular intervals. They could, for example,
be updated annually to reflect the most recent data with a more detailed review every two
or three years.
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13. Limitations
167 Against the strengths of the administrative data drawn upon (Putnam-Hornstein et al.,
2013a; Brownell and Jutte, 2013), and the strengths of this approach to prediction, there
are a range of limitations. Most of these have been discussed, and many apply not only
to PRM but also to other approaches to risk assessment.


Combining data from across social sector administrative systems requires linking
on name, date of birth and other potentially identifying information. Not all records
relating to the same individuals are able to be linked. While we seek to avoid false
positive matches by taking a conservative approach, some may be made, and an
inevitable consequence of this approach is that some matches are missed.



An implication of missed matches is that models will be “trained” with, in some
cases, imperfect information on whether a child went on to have findings of
maltreatment. Predictions will miss some high priority children as a result.



Reporting and recording errors are likely to be present in the administrative data,
and errors may also be made in assembling variables for analysis. Although
efforts are made to check and correct for errors, not all are able to be identified
and accounted for.



Care and protection data are known to understate the lived experience of
maltreatment (based on comparison with studies of self-reported maltreatment)
(Gilbert et al., 2009; Runyan et al., 2002). Predictions formed based on an
incomplete picture of the outcome of concern might be expected to understate
risk.



Analytical use of unit-level care and protection administrative data is emergent,
and some aspects of the quality of these data are still being understood and
enhanced.



Māori children, children from poor communities, and children whose families are
supported by benefit and/or are already known to care and protection services are
over-represented among those who have maltreatment substantiated (Tables 4
and 5). To a large extent, this will reflect a higher incidence of risk factors for
maltreatment in these populations, but there is also a possibility that it partly
reflects bias as a result of, for example, higher rates of surveillance for
maltreatment in poor communities or higher rates of classifying a given event as
maltreatment where a family has previous contact with care and protection
services (Leventhal, 1988). With this in mind, the impact of added
disproportionality in the predictions made by PRM in any implementation needs to
be acknowledged and mitigated to the extent possible.
The research data assembled for this study provide new opportunities for
addressing the question of whether bias exists (using the approach applied in
Drake et al., 2011, for example). This is the focus of further research currently
under way.



Measured contact with the different administrative systems may have different
meanings at different times depending on policy settings and administrative
practice, and great care is needed in interpretation of changes over time (Gilbert et
al., 2011) and in ensuring that any PRM driven off administrative data is
responsive to change. Emotional abuse findings, in particular, have been
sensitive to procedural changes.



The administrative nature of the data means that it does not provide full capture of
the risk and protective factors for maltreatment, and in some cases the degree to
which the available information can accurately measure or proxy risk or protective
factors is limited. The main predictors highlighted in this report cannot be
interpreted as factors that cause maltreatment to occur.
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In addition to failing to identify children as high priority as a result of errors in data
linkage and false negative predictions at the threshold applied, a PRM tool applied
at birth would miss children not born in New Zealand who move here during their
early years and are maltreated.



At any threshold, some children who would not go on to have the outcome of
concern, (including children who appear to be high risk based on the historical
variables used by the PRM tool but whose families have resolved their problems),
would be referred.



A tool based on the circumstances of a child at birth misses newly emerging
circumstances that threaten or protect the child as he or she ages (Leventhal,
1988). If PRM is to be implemented, the feasibility of additional screening based
on information that becomes available at older ages could be explored.



If interventions become tied to predictions of risk, associations between risk
markers and outcomes will alter (Leventhal, 1988), and may need to be adjusted
for over time.
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14. Discussion
168 PRM tools show promise in helping to identify early some of the children at highest risk of
maltreatment. They offer the promise that, with sensitive out-reach, more high-needs
families can be engaged in effective early intervention services that they experience as
helpful and, as a consequence, children’s exposure to maltreatment and its associated
long-term adverse impacts on health and wellbeing can be reduced.
169 The efficacy and cost effectiveness of PRM as a screening tool is dependent on it being
coupled with early intervention service responses that reduce maltreatment.
170 There is evidence that high quality home visitation programmes for high-risk families are
successful in reducing harsh parenting and reducing the proportion of children who are
notified to care and protection services or hospitalised as a result of injury, but not all
home visitation programmes have this effect (Nelson et al., 2013; Moyer, 2013; MacMillan
et al. 2009; Fergusson et al., 2012). Provision of information resources and social work
services via primary health care shows promise (Dubowitz et al. 2009; Dubowitz et al.
2012). High quality early childhood education programmes that emphasise parent
involvement warrant consideration (Mersky et al., 2011). Interventions designed to
improve the community environment in which children are raised also show promise (Daro
and Dodge, 2009).
171 In the New Zealand context, the success of early intervention services depends on the
extent to which they are successful in engaging and improving outcomes for Māori
children and their whānau (Cooper and Wharewera-Mika, 2009; Cram, 2012; Durie et al.,
2010; Fergusson et al., 2012; Tamati et al., 2008).
172 The Whānau Ora approach to social service delivery introduced in 2010 offers a culturally
anchored approach that “empowers whānau as a whole – rather than focusing separately
on individual family members and their problems – and requires multiple government
agencies to work together with families rather than separately with individual relatives”
(Durie, 2013). This builds on earlier developments in the delivery of health services, and
offers opportunities for new ways of working with whānau to improve the lives of their
children (Cram, 2012; Durie et al., 2010; Boulton et al., 2013).
173 At the same time, the evaluation of the Early Start home visitation programme and the
Incredible Years pilot study suggests that (with attention to culturally appropriate delivery
in the case of Early Start), “mainstream” services can also improve quantitatively
measured outcomes for Māori and are experienced positively by Māori parents and
caregivers (Fergusson et al., 2012; Sturrock and Gray, 2013).
174 Efficacy (and ethical justification) is also dependent on there being capacity to meet the
demand for early intervention services generated by the application of PRM tools. It is
unethical to provide screening where there is no accepted intervention that will have a
positive impact on the condition screened for, or where there is a suitable intervention but
there is insufficient capacity to address the needs identified (Wilson and Jungner, 1968).
The ethical review discusses these and other considerations.
175 If the decision is to proceed, trialling will be required to establish whether use of PRM
together with an early intervention response reduces child maltreatment, and the cost
effectiveness of the approach. Assessment of the cost effectiveness of PRM will need to
take account of the cost of screening, and the cost of early intervention services.
176 A question that will not be able to be answered unless the approach is trialled is whether
PRM identifies new-born children who would not have in any case been referred and
prioritised in early identification and intervention efforts.
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177 There is some suggestion from results to date that some children identified through PRM
might not be otherwise identified as early.

28



When defining as high priority the 3,000 or five percent of children with the highest
risk scores, three in ten high-priority children had a caregiver with changes in
benefit address in the previous year based on 2007 data (Table 5) – raising the
possibility that if they were known in one location, they might not be in their new
location.



While most children who would have been scored as high priority at this threshold
were in families with children previously known to care and protection services, for
the 2010 and 2011 cohorts it is estimated that in at least half of cases, the newborn child themselves was not already known to Child, Youth and Family and had
not already been referred to the Family Start home visitation programme by three
months of age.28

Based on Child Youth and Family notification data, data on whether there was an open CYF phase of
engagement for the child or for other children in the family when the child was born, and linked Family Start
referral data. Estimates are adjusted to take account of undercounts of agency contact as a result of inability to
link data (in most cases due to missing or approximate identity details). Estimates are for children in sites where
Family Start is available. The proportion with no prior agency contact will be higher in sites where Family Start
is not available.
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15. Conclusions
178 Based on the findings of this study, PRM tools based on linked administrative data could
be used to identify early some of the new-born children at high risk of maltreatment.
Compared to other models reviewed in the international literature, these models perform
well, both overall, and for Māori children.
179 Not all children who go on to experience substantiated maltreatment would be able to be
identified early using this approach (depending on the threshold for referral chosen, most
may not be able to be identified). This is because:


in some cases information that should inform the assessment of risk is not
available from administrative data, or is not able to be taken into account because
of difficulties with data linkage



as with any risk prediction tool, at any threshold for referral, PRM tools will
inevitably identify as low risk some children who go on to experience abuse or
neglect, and identify as high risk some children who do not



it is inherent in the approach that children who experience maltreatment but about
whom less is known because the family has little or no prior contact with social
agencies will be under-represented among those identified as high risk.

180 It is recommended that, if taken to trial, PRM tools should therefore not be the sole
mechanism for identification of children at high risk, and should complement rather than
replace professional judgement.
181 If the decision is to proceed to trial, it is recommended that:




benefit and care and protection data be the basis of the modelling and that
inclusion of birth registration or notification data and death registration data29 also
be considered to allow:


risk to be considered across the whole of the population



separate models to be deployed to control disproportionality on dimensions of
concern



monitoring and control of over-prediction relative to known maltreatment for
Māori children

given the potential for error in data linkage, a system be put in place for review of
the linkages that inform the risk scoring before details of a high risk child are
released as part of any working PRM - having an effective system of review in
place may allow a less conservative approach to data linkage to be taken, and
improvements in predictive accuracy to be realised.

182 Careful thought would need to be given to potential uses of PRM risk scores and the
underlying information, and the role they play in risk assessment and decision making. In
addition to directly generating early identification referrals, high PRM risk scores could be
made available to front-line professionals to inform their decisions about whether to refer a
child about whom they have concerns to care and protection or other services.
183 These potential uses would require careful consideration. Reliance on a tool can mean
giving insufficient weight to risks and protective factors that can be directly observed, but

29

Birth weight and gestation, which are items of Ministry of Health information passed to the Registrar General of
Births, Deaths and Marriages as part of the birth registration, would not be required as these contribute only
marginally to predictive accuracy.
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are not able to be captured by the tool. It would be important that any front-line
professionals who were to have access to risk score information received training in how
to interpret and apply that information, and on the circumstances in which it should be
over-ridden (Gambrill and Schlonsky, 2000).
184 Because the administrative data that are able to be collated and linked provide partial and
selective capture of risk information, a cautious approach would need to be taken to any
dissemination of the information that sits behind the risk score for an individual child.
185 One potential risk is that decision making could be made more rather than less resource
intensive and complex if having access to the administrative information that informs the
scores means front-line professionals need to spend time reconciling this information with
what they are able to observe. Information on parental and sibling care and protection
history is a case in point.


In some cases, it will include history that front-line professionals are unable to
observe (because, for example, PRM has linked records held under an alias) or to
confirm (because, for example, parents are not aware of past notifications and
findings recorded for them or their children).



In other cases, front-line professionals will be aware of history that PRM
information will not include (because, for example, parental history occurred prior
to the collection of electronic records, or is not able to be readily linked because of
imprecision in identity recording).
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16. Next Steps
186 Findings from this feasibility study, in combination with those from the ethical review, will
inform decisions around next steps in relation to the possible trialling of PRM.
187 Beyond this study, the data assembled provide the basis for a wide range of new analysis
that can aid the understanding of, and response to, child maltreatment (Putnam-Hornstein
et al., 2013a; Brownell and Jutte, 2013).
188 Predictions from the PRM models developed in this study could be compared with those
from a model that quantifies and scores according to the accumulation of risk factors
(Larsen et al., 2008; Linder and Sexton, 2011). New ways of describing the data (for
example using cluster analysis techniques to profile sub-groups of children who are
known to experience maltreatment or are identified as high risk), could also be explored.
189 Research is under way to better understand Māori children’s disproportionate
representation in maltreatment statistics, and to explore more generally whether bias
exists in measured contact with care and protection services.
190 Finally, with further data linkage to incorporate information on the availability and use of
services (teen parent education units, parenting programmes and home visitation services
for example), the data offer new opportunities for analysis to build understanding of the
impact of these services on outcomes for children and their families and whānau.
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