EVALUATING THE COSTS AND BENEFITS OF DNA FORENSICS IN PROPERTY CRIME INVESTIGATIONS: A CASE STUDY
The National Institute of Justice (NIJ), the research arm of the U.S. Department of Justice, launched a field experiment in October 2005 to determine whether collecting DNA samples at property crime scenes provided a positive return on investment.  The experiment was motivated by several factors.  Great Britain’s experiences from expanding DNA analyses to property crimes seemed highly positive.  British police saw the identification of suspects in residential burglaries rise from 15 percent to 46 percent; no connection was made to costs incurred or to benefits to public safety, however.  A small handful of American cities were also reporting positive results in limited applications.  In addition, prior research on criminal careers in the United States showed that the benefits from apprehending so-called property offenders would encompass both property and violence offences. On the technical front, new tools and technologies were bringing down the costs of DNA analyses.  

All of these factors suggested that a rigorously conducted experiment would provide important guidance for policy makers in the arena of crime investigations.  

RESEARCH DESIGN
Because the policy goals were oriented toward returns to investment, study designs needed to go beyond measuring outcomes of effectiveness.  Measuring return on investment requires comparing outcomes to the costs of producing those outcomes in either absolute or relative terms.  Cost benefit analysis requires calculating the unit costs of producing the outcomes desired, but also the monetary value gained from those additional outcomes.  Comparisons are typically made in relative terms – the incremental gains from one policy relative to another versus the incremental costs to achieve those gains.  
The seeming simplicity of the exercise conceals dozens of challenges in estimating program costs, attributing outcomes, and monetizing benefits.  The research design provided an environment for meeting these challenges.
Five major U. S. law enforcement agencies (collectively police, crime labs, and prosecutors at each location) agreed to participate in the experiment.  Each agency received resources to collect multiple DNA samples from each of 500 crime scenes (commercial and residential burglaries, and thefts from automobiles).  Crime scene investigators (including veteran technicians, patrol officers, and detectives depending on the agency) received training on where to look for evidence and how to collect samples.  NIJ contracted with a private organization, the Urban Institute, to conduct an independent evaluation of the experiment including an assessment of the costs and benefits achieved.

A key element of the research design was the randomization of cases receiving DNA analysis.  All cases in the study received the same crime scene investigation which consisted of standard investigative practice and also the collection of DNA samples.  Crime scenes having no DNA samples collected were excluded from the study.  
Investigators never knew whether a case would be subjected to DNA analysis.  Crime scene evidence was conveyed to the crime labs in each city.  Laboratory staff took possession of all samples and called the Urban Institute who randomly assigned the DNA samples in each case to one of two equally likely actions: (1) the DNA samples were analyzed or (2) the samples were shelved and separated from the investigation.  Thus, experimental groups consisted of up to 250 cases from each agency that received DNA analysis and the control group consisted of 250 cases that received only traditional investigation.  Agencies could process the control cases – at their own expense – after two months, a period long enough for any outcomes achieved by traditional investigation to be observed.  Similarly, detectives who investigated the experimental and control cases did not know whether cases had a DNA sample under analysis until – and if -- they received notification of a database match of a suspect.

Randomization ensured the statistical equivalence of the experimental and control cases so that any observed outcome differences between the experimental and control groups could not be attributed to other factors.  Evaluators found that the randomization processes were maintained intact for the entire experimental period (roughly 12 months) at all sites.  

Meanwhile, the evaluators tracked various sources of case attrition and progress at each site from the point of entry into the laboratory to case conclusion.  They observed outcomes at each stage: analysis of samples; obtaining profiles and database matches; subsequent investigation and arrest; and acceptance of the case for prosecution.  The planned and actual observation period concluded with the determination of whether a case was accepted for prosecution.  A subsequent study will track outcomes for an additional year and gather conviction and sentencing data.

FINDINGS ON EFFECTIVENESS
Many findings related to the potential improvements of investigative processes involving DNA were obtained and laid the foundation for a variety of best practices that could be transferred to other agencies.  Because of space considerations, the discussion here is limited to findings that inform cost and benefit estimations.  Also because of space considerations, only aggregate findings across the entire sample are reported.  The full final report contains findings specific to each city: http://www.ncjrs.gov/pdffiles1/nij/grants/222318.pdf.
In all, the five agencies investigated 2162 cases (1080 experimentals and 1082 controls) during the experiment and analyzed a total of 1841 DNA samples.  Of the 2162 crime scenes, 57 percent were residential burglaries, 29 percent were commercial burglaries, and 13 percent were thefts from autos.  Table 1 summarizes the critical findings in terms of outcomes.

Table 1.  Outcome Comparisons of Experimental and Control Groups
	Outcome
	Experimental Group (N=1080)
	Control Group (N=1082)

	Suspect Identified
	31% *
	12*

	Suspect Arrested
	16%
	8%

	Accepted for Prosecution
	19% **
	8%


*12% traditional means; 16% DNA match to suspect; 3% forensic match to other scenes
** includes arrest warrants issued by prosecutor based on DNA profile, not resulting in arrest
Quite simply, DNA analysis more than doubled the suspects identified, doubled the arrests, and doubled the prosecutions relative to traditional investigations.  In comparing DNA productivity to fingerprint productivity, results were equally striking.  For those scenes where both DNA and fingerprint evidence was collected (approximately one third of the 1080 DNA scenes), DNA produced identifications in 16% of the cases relative to 8% for fingerprints; DNA (9%) led to three times the arrests as fingerprints (3%).  When all 1080 cases are considered DNA (16%) was five times as likely to identify a suspect as fingerprints (3%) and nine times as likely (9% versus 1%) to proceed to an arrest.  This result was somewhat surprising given the 100 year history of fingerprints at crime scenes and the comparatively short history of DNA analysis and databases.   

Table 2. Comparisons of Criminal Histories Between Experimental and Control Arrestees

	Offense Record
	Experimental (All)
	Experimental (DNA ID)
	Control (No DNA ID)

	Felony Arrests
	4.5
	5.6
	1.7

	Felony Convictions
	2.5
	2.9
	0.9

	Misdemeanor Arrests
	2.6
	3.0
	1.0

	Misdemeanor Convictions
	2.1
	2.2
	1.6


Table 2 depicts another unexpected result; namely, that persons arrested because of DNA forensics had longer arrest and conviction histories than those arrested because of traditional investigations.  For more serious crimes (felonies), they averaged three times the number prior arrests and convictions of arrestees found by traditional means.  Upon reflection, these differences appear to result from the fact that most states require a felony conviction for a person’s DNA profile to be loaded into their DNA databases (i.e., only convicted felons are in the databases).  
The type of sample collected affected case outcomes by affecting the probability that a suitable DNA profile – and subsequent database match – was obtained.  Some 59 percent of the 1841 samples came from items touched or otherwise handled; 21 percent were blood samples; 14 percent involved saliva, and 4 percent came from worn items.  While blood and saliva samples were by far the most productive in terms of yielding profiles, so-called touch samples produced greater percentages of profiles than had been anticipated.   Multivariate analyses of predictors of case outcomes found that blood samples were 6 to 8 times more likely to yield suitable profiles than touch samples; saliva samples were 3 to 5 times more likely.  Readers should keep in mind, however, that all identifications made by DNA analyses were identifications that would otherwise not been made.
FINDINGS ON COST EFFECTIVENESS
Discussions so far have covered ground ordinarily covered in any outcome evaluation – study environment, sample characteristics, some process information, and attribution of outcomes.  The DNA Field Experiment went further to calculate the costs of achieving various outcomes.  It did this in a relative, not absolute, way by estimating the incremental costs incurred to obtain the outcomes obtained by DNA forensics; i.e., those outcomes that would not have occurred in traditional property crime investigations.
Evaluators estimated the costs incurred when DNA forensics was added to the investigative process.  They observed and recorded the quantities and prices of goods and services consumed by each stage.  The costs estimated were marginal costs – those incurred by processes and facilities in place.  No attempt was made to assess the costs of building a new laboratory or purchase new laboratory technologies.

Table 3.  DNA Processing Costs By Stage ($US)
	Stage
	Lowest Cost Site
	Highest Cost Site
	Average Marginal Cost

	Preliminary Testing
	23
	980
	374

	Profile Generation
	126
	N/A
	135

	Database Entry
	5
	167
	74

	Case Verification
	137
	195
	131

	Investigation
	412
	300
	365

	Post-Arrest
	108
	838
	315

	Total
	815
	2481
	1394


Table 3 depicts the ranges of costs incurred as a result of adding DNA to investigations.  The ranges reflect regional wages and benefits, and structural differences in processes.  The use of external contractors to process samples was the largest single contributor to cost differences.
While table 3 depicts marginal costs of each stage, it does not report the marginal cost per outcome.  Calculating the cost effectiveness measures – costs per outcomes obtained – requires applying the average marginal costs above incurred for every case to those cases that achieved various outcomes.  The cost per arrest, for example, would include the costs incurred by all DNA cases up to and including arrests and the costs per acceptance for prosecution would include those costs plus all post-arrest processing costs.  Table 4 shows the results of those calculations.
Table 4.  Cost per Outcome Achieved (which would not have happened without DNA), $US
	Outcome
	Lowest Cost
	Highest Cost
	Average Marginal Cost

	Suspect Identified
	1244
	8147
	4502

	Suspect Arrested
	3679
	27378
	14169

	Accepted for Prosecution
	1903
	12899
	6169


The differences between the two preceding tables results from table 3 using total cases as its denominator and table 4 using outcomes.  Both numerators are total process costs (to that point) for all cases.   The large differences are the main contribution of cost effectiveness analysis.  It places a price tag on outcomes realized and helps policy makers understand better what they are paying for the results they want.  The differences between the two tables result from the attrition occurring at various processing stages, depicted in table 5 below.  Table 5 contains the basic information on key points of attrition that program managers need to make programs more cost productive.  By comparing attrition rates within and across sites, managers can identify points that have the potential for large improvement and take appropriate actions to fill gaps. 
Table 5.  Case Attrition by Process Stage (percent)
	              Stage                                                                                 
	Lowest
	Highest
	Mean

	Generation of Profile
	45.8
	86.3
	70.3

	Database Entry
	33.6
	82.4
	54.7

	Match/Verification
	15.9
	45.9
	23.3

	Suspect Identified
	14.7
	39.2
	20.6

	Suspect Arrested
	3.8
	33.7
	14.4

	Prosecution Acceptance
	3.1
	32.2
	13.0


TOWARD COST BENEFIT ANALYSIS
Cost effectiveness analysis asks policy makers to make their own judgments about the value of key outcomes; cost benefit analysis tries to make those valuations by ascribing a monetary value to outcomes.  Monetization includes budgetary costs incurred and averted and also social costs, or the estimated value of intangibles.  
The hypothetical benefits achieved by this intervention are captured largely by monetized estimates of future crimes averted or future victim harms saved.  Calculating these values for crime interventions means estimating offense rates based future actions by the offender, which are in part based on future actions by justice officials.  It also requires calculating the value of the crime streams that will have been averted.  Both sets of calculations require making assumptions about future actions that are based on research findings and criminological theory.  The complete causal chain that must be examined starts with a single crime, extends through investigation, arrest, prosecution, and sanctioning, and ends with an assessment of how future offending rates or future criminal careers have been altered.  These calculations are a significant departure from conventional calculations of recidivism rates, which measure only single crime reoccurrences.
Four factors will affect future crime streams according to crime control theory.  General deterrence is the effect that sanctioning individuals creates on the general population.  Specific deterrence is the effect that sanctioning produces on the individual offender’s behavior.  Incapacitation is the crime saving produced by imprisonment of the offender.  Rehabilitation is the saving from efforts to provide legitimate social alternatives for the offender.  

Follow up research in the DNA Field Experiment will gather information on the sanctions that were imposed upon the offenders who were convicted.  It will extend the analysis of costs and benefits by using previous studies to estimate the likely magnitudes of crime savings created by the various sanctions imposed.  It will incorporate the costs incurred by imposing these sanctions into the analysis.  Most importantly, it will apply existing estimates of the values of crimes averted to reach a comparison of the costs incurred to plausible ranges of estimates of the costs of crimes averted, both systemically and socially.  Even though these estimates will be highly speculative, they will inform policy makers of the potential consequences of their investment decision.
