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Abstract 
Objectives  Estimate the frequency of self-reported factual innocence in non-capital cases 
within a state population of prisoners.
Methods  We conducted a survey of a population sample of state prisoners who were 
asked to anonymously report their involvement in the crimes for which they were most 
recently convicted. To assess the validity of verifiable responses, prisoner self-report data 
were compared to aggregate conviction and demographic information derived from admin-
istrative records. To assess the validity of unverifiable responses, we developed a non-para-
metric test to estimate the probability of false innocence claims.
Results  We estimate that wrongful convictions occur in 6% of criminal convictions lead-
ing to imprisonment in an intake population of state prisoners. This estimate masks a con-
siderable degree of conviction-specific variability ranging from a low of 2% in DUI con-
victions to a high of 40% in rape convictions. Implausible or false innocence claims are 
estimated to occur in 2% of cases.
Conclusions  The present investigation demonstrates that survey methods can provide 
bounded estimates of factual innocence claims within a discrete and known population. 
The resulting estimates, the first to formally separate claims of legal and factual innocence 
and to incorporate a formal measure of response plausibility, suggest that prisoners them-
selves are very often willing to self-report the correctness of their convictions. At the same 
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time, a considerable minority indicate that procedural weaknesses with the administration 
of justice occurred in their cases. And, a distinct minority, with considerable offense varia-
tion, maintain that they are completely innocent of the charges against them.

Keywords  Wrongful conviction · Innocence · Binomial mixture model · Self-report · 
Prevalence

Introduction

Each year U.S. criminal courts produce over 1 million felony convictions, with just under 
half of these convictions resulting in imprisonment (Rosenmerkel et al. 2010). While the 
criminal justice system provides many legal protections to the accused, wrongful convic-
tions do occur and scholars have long recognized the need for a measure of their preva-
lence as a first step in understanding, and ultimately remedying, their underlying causes 
(Borchard 1932; Lustgarten 1950; Gardner 1952; Frank 1957; Radin 1964; Bedau and 
Radelet 1987; Gross 1998; Poveda 2001; Spencer 2007; Gould and Leo 2010; Gross 2013). 
Legal exonerations in recent years provide one basis for estimating this number. The rate 
of exonerations suggesting that between 2 and 5% of capital or otherwise serious cases are 
wrongful convictions (Bedau and Radelet 1987; Risinger 2007; Gross and O’Brien 2008; 
Gross et al. 2014). However, there are reasons to believe that the measurement of wrongful 
convictions in capital and non-capital cases merits further scholarly effort.

First, estimates of the frequency of wrongful convictions in capital cases are the result 
of considerable effort to prove to a legal authority that individuals have been erroneously 
convicted. This often requires a very high burden of proof, which has left uncounted an 
unknown number of erroneous convictions that cannot meet this burden by virtue of using 
a legal outcome (i.e., exoneration) as the basis for counting the number of wrongful convic-
tions. This risk is even greater in the vast majority of criminal cases that are not subject to 
vigorous post-conviction relief efforts observed in many capital cases (e.g., murder, rape), 
leaving as an open question whether these findings reflect what is happening in the vast 
majority of non-capital criminal convictions. Second, because the observed frequency of 
wrongful convictions is the starting point for exploring the predictors of wrongful convic-
tions, the absence of a prevalence measure in the non-capital caseload makes it difficult 
to know whether the causes of wrongful convictions in this broader population are shared 
with the causes of wrongful convictions in capital cases. And finally, without a measure of 
wrongful convictions in non-capital case populations, it is currently unknown whether pro-
posed remedies for errors leading to exonerations will be effective in reducing the number 
and causes of wrongful convictions in cases unlikely to lead to exonerations.

Previous attempts to measure the frequency of wrongful convictions in non-capital crimi-
nal cases have taken a number of different forms. Scholars have surveyed criminal justice 
practitioners, asking them to report their perception of the prevalence of wrongful convic-
tions in their experience, under the assumption that practitioner experience might provide 
some insight into a quantity previously thought to be unmeasurable (Ramsey and Frank 
2007; Zalman et  al. 2008). Other scholars have analyzed judge-jury agreement studies 
to estimate the frequency that a judge believes that a jury erred in convicting a defendant 
(Gastwirth and Sinclair 1998; Poveda 2001; Spencer 2007). Finally, scholars have proposed 
surveying convicted persons directly to gather their self-assessments of their involvement 
in the crimes for which they were convicted (Blumberg 1967; Peterson et al. 1980; Poveda 
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2001). All of these diverse methodologies have generated broadly consistent prevalence esti-
mates in the low single to low double-digit ranges. However, three empirical challenges of 
these survey methodologies remain only partially resolved. First, surveys of criminal justice 
practitioners have not asked respondents to provide the likelihood of errors in discrete popu-
lations of cases with which they have had personal experience, but instead they have been 
asked to articulate their belief about the error rate for the criminal justice system as a whole, 
making them difficult to interpret and tricky to generalize onto specific populations of cases. 
Second, surveys of judges (in judge-jury agreement studies) and surveys of convicted per-
sons have yet to establish exactly what respondents intend when they indicate that some-
one has been erroneously or wrongfully convicted. Finally, the relationship between self-
reported innocence and actual innocence in the context of a self-report measure have not 
been fully established, just as the relationship between practitioner perceptions of wrongful 
conviction rates and actual wrongful conviction rates have not been fully established.

In order to begin to address these limitations of the existing empirical literature, this 
paper reports the results of a new self-report data collection effort designed to estimate the 
prevalence of wrongful convictions in a population sample of state-level prisoners. Prison 
populations, unlike capital case populations, include a much wider variety of conviction 
offenses, spanning lower-seriousness crimes such as larceny, forgery, and drug posses-
sion up to higher-seriousness crimes such as murder, rape, armed robbery, and aggravated 
assault. To achieve representativeness of a criminal justice population of convicted persons, 
the Criminal Justice Experience Survey (CJES) was administered to the intake population of 
convicted and imprisoned individuals in a state correctional system. To assess the meaning 
of self-reported claims of wrongful conviction and actual innocence among this population, 
the CJES developed and fielded a multi-part questionnaire that situates claims of wrongful 
conviction within a larger distribution of respondent legal grievances with the criminal jus-
tice system. Finally, to assess the plausibility of innocence claims, a new method of estimat-
ing response bias for sensitive questions was developed and implemented within the survey.

Based on the results of this survey administration, we provide estimates of how often indi-
viduals are likely to be wrongfully imprisoned and, by extension, how often wrongful convic-
tions are likely to occur in less serious but more common criminal cases, an area of increas-
ing scholarly interest (Natapoff 2012, 2015; National Registry of Exonerations 2015; Gross 
2015). We also demonstrate, based on the results of this newly developed instrument, that this 
approach is able to produce estimates of wrongful convictions among prisoners that are both 
consistent with past estimates and robust to previously unaddressed concerns of representa-
tiveness and response bias. The resulting estimates indicate that, in a general population of 
prisoners, two-thirds of prisoners self-report being correctly convicted, a third of prisoners 
self-report being wrongfully convicted, with 8% making a claim of factual innocence, and 6% 
making a consistent and plausible claim. We consider this to be an upper bound on the rate of 
factual innocence within this population and the aggregate of offense-specific point estimates 
ranging from a low of 2% in DUI convictions to a high of 40% in rape convictions.

Estimating the Frequency of Wrongful Convictions

Legal scholars have been interested in the problem of wrongful convictions since at least the 
1930s. Early research in this area sought to catalogue instances in which legal verdicts were 
called into question after substantial new post-conviction evidence emerged (Borchard 1932; 
Lustgarten 1950; Gardner 1952; Frank 1957). These studies, often written by legal scholars 
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and journalists, examined the particular procedural paths by which those subsequently deter-
mined to be innocent were convicted in the first place—frequently focusing on perpetrator 
misidentification, ineffective counsel or even the reappearance of missing persons thought to 
have been murdered (Leo 2005). Since demonstrating the occurrence and features of wrong-
ful convictions was their primary focus, studies in this sub-literature rarely considered how 
representative their samples were, how often less egregious errors might be missed, or how 
to go about placing a relevant denominator underneath the numerator formed by their cata-
logues of catastrophic errors. Instead, the majority of these studies, as well as their more 
recent counterparts, have principally focused their attention on describing notable case 
features, their relative frequency, and their potential role as contributing causes of wrong-
ful convictions (Borchard 1932; Lustgarten 1950; Gardner 1952; Frank 1957; Radin 1964; 
Macnamara 1969; Brandon and Davies 1973; Rattner 1988; Garrett 2008, 2011). It is only 
relatively recently that scholars have begun to use these samples of observed and legally cor-
rected errors to estimate the frequency of wrongful convictions based on the subset of these 
cases for which the legal system has a developed infrastructure for investigating claims of 
innocence, most often capital or otherwise serious cases involving rape and murder.

Like their cataloging counterparts, including modern studies examining the predictors 
of wrongful convictions (See, for example, Gross and O’Brien 2008; Garrett 2011; Gould 
et al. 2014), wrongful conviction prevalence studies often begin by recording instances in 
which individuals convicted of capital or other serious crimes have had their convictions 
overturned or otherwise been exonerated by the legal process (Bedau and Radelet 1987; 
Radelet et  al. 1996; Gross 1998; Gross and O’Brien 2008). However, prevalence studies 
depart from the cataloging sub-literature in two key respects. First, due to improvements 
in information technology, as well as the creation of organizations devoted to litigating and 
identifying these cases (Dwyer 2000; Gross 2016), this search for cases is likely to be much 
more systematic than those conducted earlier in the twentieth century. While networks of 
like-minded lawyers and colleagues still play a role in facilitating the collection of cases, 
database searches of case management and legal news information systems by permanently 
staffed organizations almost certainly produces a much more comprehensive coverage of 
exonerations and other findings of innocence within covered legal systems. Second, scholars 
working in this area have sought to solve the denominator problem by focusing their atten-
tion on capital or other serious cases for which we have an understanding of their frequency 
and to a lesser extent their features. Since most exonerations happen in this subset of cases, 
by counting the total number of capital or otherwise serious cases that could give rise to a 
rightful or wrongful conviction, it is possible to measure the prevalence of this phenomenon.

Within the population of capital and serious cases, wrongful conviction rates have been 
estimated to be between 2.3% and 5%. At the low-end of this range, Gross and O’Brien 
report that wrongful convictions, in which factual innocence was later uncovered, occurred 
in an estimated 2.3% of death penalty cases (Gross and O’Brien 2008). A more recent 
estimate from Gross and colleagues puts the number closer to 4.1%, after adjusting for 
censoring in persons executed or otherwise removed from death row prior to either their 
exoneration or the exhaustion of all legal proceedings (Gross et al. 2014). Risinger (2007) 
offers a similar, if slightly higher, estimate derived from a sample of capital murder and 
rape cases (3–5%). Lastly, Roman and colleagues, examining a sample of rape cases with 
previously untested DNA, estimate that the testing would have produced exculpatory evi-
dence for individuals convicted of rape in 3% of cases (Roman et al. 2012).

While these estimates provide an empirical starting point for considering the problem 
of wrongful convictions, several of their features suggest the need for additional inquir-
ies. Virtually all of these studies rely on a legal finding of innocence as their measure of 
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wrongful conviction.1 This necessarily excludes from consideration any cases where the 
quality of exculpatory evidence or the vigor of post-conviction relief efforts is insufficient 
to exonerate or otherwise clear an erroneously convicted person. In addition, as Gross 
(2016) has noted, “[w]e have reliable statistical evidence that the rate of false convictions 
among death sentences in the United States is about 4%, but we don’t have comparable 
information about non-capital convictions.”2 The reasons for this lack of comparable infor-
mation are threefold. First, it is unlikely that the capital case or the exonerated populations 
are representative of either the prison population or the broader population of individuals 
with criminal convictions (Brandon and Davies 1973; Garrett 2011). In 2013, capital cases 
represented only 0.2% of all prisoners in state and federal custody (Carson 2014; Snell 
2014). They composed an even smaller fraction (0.02%) of the admissions to prisons in the 
same year, reflecting the secular decline in the use of the death penalty in the United States 
(Hood and Hoyle 2015; Garrett 2017). In addition, due to differing legal requirements and 
an active advocacy community for death penalty and life imprisonment cases, the commit-
ment of legal resources to these cases far exceeds what is available in non-capital cases. 
Finally, the analysis of DNA evidence, which has played an important role in detecting 
errors in capital cases, is less likely to be a factor in non-capital cases, where forensics have 
historically played a much smaller role (Peterson et al. 1987; Roman et al. 2009; Peterson 
et al. 2013). As a result, factual and legal errors are much more likely to be discovered in 
capital cases than in non-capital cases (Gross 2013). This confluence of trends, with death 
penalty cases declining as a percentage of all convictions and wrongful convictions becom-
ing less identifiable in non-capital cases, has produced an expanding dark figure of wrong-
ful convictions.

Social scientists have made a a number of attempts to quantify this dark figure. They 
include surveys of criminal justice practitioners to ascertain their estimates of the fre-
quency of wrongful convictions (Huff et al. 1986; Ramsey and Frank 2007; Zalman et al. 
2008). In the earliest such survey, Huff and colleagues estimated that the probability of 
a wrongful conviction in the United States was approximately 0.5% (Huff et  al. 1986). 
Subsequent replications by others have put the number at between 1 and 3% (Ramsey and 
Frank 2007; Zalman et al. 2008) and extended this approach to citizen estimates (Zalman 
et al. 2012). The use of convenience samples of criminal justice practitioners, coupled with 
the challenge of determining exactly what and whose experiences respondents are drawing 
upon when they state their beliefs regarding the frequency of wrongful convictions, makes 
it difficult to know for what population of cases, in what jurisdictions, and over what years 
these estimates adhere.

An alternative methodology would be to survey criminal justice practitioners regarding 
their most recent case. This would allow for an estimate over a known population of cases 
during a specific time period. A version of this approach has been tried with judges over-
seeing jury trials. Using this methodology, scholars have queried the judiciary, typically 
asking judges how often they would have acquitted defendants in criminal jury trials in 

1  Liebman et al. (1999) provides estimates of U.S. legal errors beyond factual innocence in capital cases.
2  Assuming exonerations only occur in cases where the defendant was actually innocent (which may not 
be the case), prevalence estimates in this sub-literature are likely to be lower bounds on the actual rate of 
wrongful conviction in capital cases, since they are samples of surfaced wrongful conviction cases rather 
than samples of all wrongful convictions. The degree of bias in this estimator will be a function of the bias 
in the “surfacing” mechanism, which is a combination of post-adjudication legal effort and publicity as well 
as the discoverability of new information bearing on the guilt or innocence of the convicted person or his/
her alternates.
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which juries voted to convict (Gastwirth and Sinclair 1998; Poveda 2001; Spencer 2007). 
The resulting estimates, have been as high as 10% of cases, leverage the fact that judges 
are present for the fact-finding phases of the trials that they preside over. This methodol-
ogy for estimating the prevalence of wrongful convictions rests upon the twin assumptions 
that judges are more accurate fact-finders than juries, likely due to a combination of train-
ing and experience, and that all errors can be detected by fact-finders. Neither of these 
assumptions has yet been directly tested. However, beyond the issue of relative or absolute 
fact-finding accuracy, jury trials represent a small (4%) and diminishing number of felony 
convictions (Rosenmerkel et  al. 2010; Weiser 2016), limiting the ongoing utility of this 
particular estimator.

Finally, surveys of convicted felons have been intermittently conducted (Blumberg 
1967; Peterson et al. 1980) and criminologists have used survey methods to gather infor-
mation on criminal acts for nearly 100 years.3 Beginning with Robison (1936), if not ear-
lier, researchers have attempted to understand the characteristics of delinquent and criminal 
behavior among adolescents and young adults using social surveys (Murphy et al. 1946; 
Nye and Short 1957, 1959; Reiss and Rhodes 1961; Erickson and Empey 1963; Hirschi 
1969; Gold 1970). While many of these surveys captured a large volume of seemingly 
innocuous behavior (e.g., smoking, curfew violations, petty theft), they also demonstrated 
that respondents would report both deviant and illegal acts, including quite serious ones 
(e.g., assaults, robberies). More recently, scholars have adapted this methodology to study 
the predictors and frequency of false confessions among the mentally ill, juveniles, and 
adult prisoners (Gudjonsson and Sigurdsson 1994; Sigurdsson and Gudjonsson 1996; Gud-
jonsson et al. 2006; Redlich et al. 2010).

The challenges inherit in validating self-reported measures of delinquency and offend-
ing against official records has long been recognized (Hindelang et al. 1979; Cernkovich 
et al. 1985; Huizinga and Elliott 1986). Although no measurement is perfect, the reliability 
and validity of self-report data have been subjected to high levels of scrutiny, especially 
for behaviors not widely recognized as acceptable, including offending (Thornberry and 
Krohn 2000).4 When self-reported rates of delinquency are compared to matched official 
records of police contacts, high degrees of correlation have been observed, ranging from 
68% (Huizinga and Elliott 1986) between YLS data and self-reports to a 78% correlation 
with official data (Hardt and Peterson-Hardt 1977) to a 94% agreement between self- and 
peer-reports of delinquency (Farrington 1977). More recent work reinforces the robust 
relationship between self- reports and official records, but offers caveats with regard to var-
iation by offense history, race, gender and age (Kirk 2006; Piquero et al. 2014).

Beginning with Blumberg (1967), scholars have queried convicted persons directly to 
see what their satisfaction or agreement with their conviction process actually was. By 
asking inmates or other convicted persons to report whether they committed the crimes 
for which they were convicted, these surveys theoretically allow researchers to measure 

3  A parallel literature exists on measuring criminal victimization using surveys. See, generally (Biderman 
1967; Biderman and Reiss 1967; Skogan 1981).
4  A similar commitment of effort can be seen in the health literature on self-reporting on disease and treat-
ment (U.S. National Center for Health Statistics 1965a, b, 1966, 1967; Hill and Ross 1982; Harlow and 
Linet 1989; Bergmann et al. 1998) as well as earnings and employment history (Borus 1966; Weiss 1968).
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factual innocence.5 Peterson, Braiker and Polich (1980) in the first RAND Inmate Study 
reported that 13% of inmates failed to report committing any of the 11 most common com-
mitment crimes that they were surveyed about (Peterson et  al. 1980). Due to concerns 
that this measure likely included some number of respondents who were incarcerated for 
crimes beyond this list or otherwise didn’t believe that their commitment conviction was 
reflective of their level of involvement, they adjusted their estimate down to 6% to reflect 
the percentage of persons who completely denied all involvement in all possible crimes. 
In the absence of validation information, the authors interpreted this number as reflect-
ing a combination of wrongfully convicted and lying respondents. Poveda (2001), in a re-
analysis of the second RAND Inmate Survey (Marquis and Ebener 1981; Chaiken et  al. 
1982), estimated that 15.4% of surveyed prisoners reported committing none of the crimes 
for which they were convicted. Like the first RAND Inmate Survey, he adjusted his esti-
mate for respondent indications elsewhere in the survey that they had in fact committed a 
crime. This less comprehensive adjustment altered his estimate only slightly, reducing it 
by 1.5 to 13.9% (Poveda 2001). In related work, Gudjonsson and Sigurdsson (1994) have 
used a similar technique to measure the frequency of false confessions among Icelandic 
prisoners.6

An essential assumption that underlies each of these prisoner self-report studies is the 
proposition that convicted felons are uniquely well-situated to comment on the quality of 
the conviction that they most recently received since they possess information on both their 
involvement and their conviction status, something that no other individual is likely to pos-
sess. This holds true across all types of cases, ranging from theft to murder. Convicted 
felons also can be sampled such that their responses, if un- or minimally-biased, readily 
generalize onto discrete populations (e.g., all convicted persons in a jurisdiction or all 
imprisoned felons).

Although inmate self-report data offer numerous potential advantages, a number of prac-
tical limitations exist in this sub-literature. First, past administrations have not achieved an 
adequately representative sample. The average response rate in the first RAND Inmate sur-
vey was 57% among California prisoners (Peterson et al. 1980). The second RAND inmate 
survey achieved a considerably higher response rate for Texas prisoners (82%), but a simi-
larly low response rate (50%) for prisoners in Michigan and California (Peterson et  al. 
1982). While these response rates are not intrinsically cause for concern since (Groves and 

5  Scholars of wrongful convictions have maintained the distinction between two forms of innocence—
factual and legal. [For a non-binary typology based on the legal concept of burden of proof, see Laufer 
(1995).] Factual innocence, also referred to as actual innocence (Zalman et al. 2008), generally refers to the 
situation in which a defendant is convicted of a crime that he or she did not actually commit. In the sim-
plest and most extreme case, the factually innocent and wrongfully convicted person was not present and 
completely lacking in involvement or responsibility for the crime. Cases of mistaken identity, in which the 
charged defendant is erroneous identified as the perpetrator despite not having been present, are a typical 
example of true factual innocence. However, factual innocence is not limited to cases of mistaken identity. 
By contrast, legal innocence, also known as procedural innocence (Findley 2010), is commonly understood 
to refer to the situation in which a defendant is at least partially, if not wholly, responsible for the crime of 
which he or she was tried and convicted, but some element of mandatory legal procedure was not properly 
followed during the investigation or prosecution of the case. Examples of these factually guilty and legally 
innocent persons include cases in which the state relied on illegally gathered evidence, access to counsel is 
denied, or the unbiased character of the jury is violated.
6  In subsequent work they have expanded this approach to non-custodial populations (Sigurdsson and Gud-
jonsson 1996; Gudjonsson et al. 2006, 2009). In the U.S., Redlich and colleagues have also employed this 
methodology for understanding the predictors of false confessions (See, for example, Redlich et al. 2010).
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Lyberg 2010), low response rates are particularly problematic given a considerable body of 
survey research that has shown that non-response is a more common reaction than biased 
or false response to sensitive survey questions (Tourangeau and Yan 2007). Such a pattern, 
especially if non-response were to be correlated with probability of reporting either inno-
cence or guilt, could bias self-report estimates. Second, for those felons that do respond, 
the verifiability of responses, particularly on the potentially sensitive question of their own 
guilt, has not been assessed. And finally, the comparability of survey derived estimates, 
which do not normally separate factual from legal innocence, to wrongful conviction meas-
ures in the capital case literature, which normally do, has yet to be resolved. Still, in con-
trast, to the limitations of other non-capital wrongful conviction estimators, each of these 
three problems are potentially addressable.

Data and Methods

The Criminal Justice Experience Survey (CJES) was developed to test whether self-report 
data gathered from a post-conviction population could be used to estimate the frequency 
and correlates of wrongful convictions. Modeled off of earlier surveys of convicted and 
imprisoned persons (Blumberg 1967; Chaiken et  al. 1982), the CJES asked respondents 
to anonymously report the crimes for which they were most recently convicted and, in 
a subsequent item, the subset of these crimes that they believe they actually committed. 
Due to concerns that this previously employed metric might conflate wrongful conviction 
claims stemming from factual and legal innocence, several additional questions were asked 
in order to better understand respondent intent. These included a forced-choice question 
on whether the respondent believed themselves to have been wrongfully or properly con-
victed; a follow-up item asked only those claiming a wrongful conviction to clarify exactly 
why they believed themselves to be wrongfully convicted (See Fig. 1). This follow-up item 
was developed from the most frequently provided open-ended responses received during an 
extensive pre-testing, pilot phase. The available choices were discrete, with each possible 
response representing a distinctive type of claim regarding the respondent’s grievance with 
their conviction, and the available choices were ordered from strongest claim of factual 
innocence to the weakest claim of factual innocence. Respondents were instructed to check 

Ques�on 3a. For your most recent convic�on, which of these two statements best describes your experience? (Check One)

For my most recent convic�on,
I was wrongfully convicted.

For my most recent convic�on,
I was righ�ully convicted.

□ □

Ques�on 3b. If you indicated that you were wrongfully convicted in your most recent convic�on, please explain.
(Check all that apply)

□ Not applicable □ I did what they convicted me of, but I wasn’t as involved as they 
said I was.

□ I didn’t do any of the things they convicted me of. □ I did what they convicted me of, but I didn’t get a fair trial.

□ I didn’t do everything they convicted me of. □ I did what they convicted me of, but the case against me was 
weak.

□ I did what they convicted me of, but I didn’t mean to do it. □ Other:_____________________

Fig. 1   Two-part self-reported wrongful conviction item
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all responses that applied.7 This construct allowed respondents to situate themselves along 
a continuum of levels of involvement and types of grievances formed by the twin issues 
of personal responsibility and legal due process that underlie many wrongful conviction 
claims.

Administration of the survey took place at the primary reception facility for the Penn-
sylvania Department of Corrections (PA DOC). The facility accepts male inmates from 
across the entire state and is the primary site responsible for the intake and classification of 
incoming prisoners prior to their assignment to a non-reception prison for the duration of 
their sentences. The existing assessment process required that prisoners complete a num-
ber of screening instruments during their first day at the facility. The CJES administra-
tion was integrated into this process and took place in a classroom-like setting in groups 
with a median size of 36 individuals. This administration format was selected in order to 
maximize response rates and respondent confidence in survey anonymity, mirroring the 
approach used in the original RAND Survey (Peterson et al. 1980).

Prior to receiving the standard PA DOC screening instruments, prisoners were asked to 
open a distinct and labeled CJES envelope that contained the survey, completion instruc-
tions and the informed consent documents. The instructions, reiterated by a session moder-
ator, communicated that the survey was being conducted by researchers independent from 
the PA DOC, that all responses were anonymous and confidential, and that participation 
was voluntary. Completion of the instrument itself was self-paced and, after approximately 
10 min, all surveys (completed and blank) were resealed by prisoners in their original 
envelopes and collected.8 The CJES administration began on November 2, 2015 and ran for 
5 months. During that time period 2846 surveys, representing the entire intake population 
at the facility, were administered. In practice, the unit response rate was 94.1%, with 2678 
complete or partially complete responses received. Since the vast majority of male offend-
ers newly committed to the PA DOC system participate in the screening process in this 
facility, this high response rate serves as a support for the assumption that the CJES admin-
istration achieved representativeness of the statewide PA DOC male intake population.

To assess the general reliability of prisoner self-reports, responses on several offense 
and demographic variables were compared to PA DOC administrative records. Because 
responses were anonymous, prisoner self-reports were aggregated and compared to group-
level administrative data for all inmates moving into the reception unit on the days when 
the surveys were administered. On most verifiable questions, including age, race, commit-
ment offense, and county of commitment, self-report responses closely mirror administra-
tively recorded values (See Table 1). Most differences between measures are statistically 
insignificant. Larger observed departures, particularly for a subset of commitment offenses 
and race sub-categories, likely reflect a mixture of non-random unit and item non-response 
as well as differential classification by prisoners, the DOC or within the CJES item. This 
final possibility is an especially likely explanation for the classification of commitment 
charges and race/ethnicity responses into categorical groupings. When compared to age, 

7  Pre-testing revealed that altering the order of the categories had little effect on the number of factual 
innocence claims but did redistribute other claims across similar categories. For analysis purposes, if 
respondents checked multiple categories, they were categorized by the highest level of responsibility they 
reported.
8  While Spanish language copies of the instrument were available upon request, no effort, beyond pre-test-
ing, was made to address other issues of respondent comprehension. This was intentional as other consid-
ered approaches to solving reading, language, or other comprehension problems would likely undermine 
assurances of anonymity.
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Table 1   Self-report validation 
(self-report/administrative data 
comparison n = 2678)

CJES self-reported (95% CI) DOC intake 
statistics (%)

Commitment offense
Aggravated assault 7.9% (6.9, 9.0) 7.3
Burglary 7.4% (6.4, 8.4) 6.4
Drug possession 2.1% (1.7, 2.7) 1.6
DUI 8.0% (7.0, 9.1) 5.4
Murder/manslaughter 3.2% (2.6, 3.9) 4.7
Other sexual assault 4.8% (4.0, 5.6) 6.8
Other theft 4.8% (4.0, 5.6) 11.2
PWID 15.8% (14.5, 17.1) 18.9
Rape 1.8% (1.3, 2.3) 3.1
Robbery 9.7% (8.6, 10.9) 8.6
Stolen property 2.4% (1.9, 3.1) 0.0
Simple assault 4.1% (3.4, 5.0) 0.0
VUFA 8.1% (7.2, 9.2) 7.7
Other 18.7% (17.3, 20.1) 10.0
Missing 1.3% (1.0, 1.8) 6.3
Commitment County
Philadelphia 17.3% (15.9, 18.8) 17.4
Delaware 2.6% (2.1, 3.3) 5.1
Montgomery 2.6% (2.1, 3.2) 3.6
Bucks 2.0% (1.6, 2.7) 2.7
Chester 4.1% (3.4, 5.0) 2.0
Other 63.7% (61.8, 65.5) 69.2
Missing 7.7% (6.7, 8.8) 0.0
Age
18–24 22.3% (20.7, 24.0) 22.0
25–34 34.4% (32.6, 36.3) 37.4
35–44 19.3% (17.8, 20.1) 21.9
45–54 12.0% (10.8, 13.3) 13.4
55–64 4.2% (3.5, 5.0) 4.5
65+ 0.7% (0.4, 1.1) 0.7
Missing 7.1% (0.6, 8.1) 0.0
Race/ethnicity
White 47.5% (45.6, 49.4) 51.6
Hispanic 9.0% (8.0, 10.1) 9.3
Black 30.9% (39.2, 32.6) 38.5
Other 3.2% (2.6, 4.0) 0.6
Multiple 2.0% (1.5, 2.6) 0.0
Missing 7.4% (6.5, 8.5) 0.0
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race and offense responses are likely to be subject to similar unit- and item-non-response 
problems, but not categorization issues.9 Given the nearly identical age distributions across 
self-report and administrative records, observed differences are most readily understood 
as reflecting differences in categorization by officials and individuals. These results, con-
sistent with past validation exercises of prisoner self-report data, suggest a high degree of 
external validity for respondent answers while simultaneously revealing the inherent ambi-
guities in aligning self-report and administrative records.

Binomial Estimation of Implausible Responses

Unlike many common sensitive questions involving income, sexual behavior, or many 
criminal acts, which can be at least partially validated against administrative records, a 
wrongful conviction is not a status that lends itself to verification. Just as criminal acts 
that do not lead to contact with police cannot be verified against official records, many 
claims of innocence cannot be similarly verified. This is particularly the case if the lack of 
verifiable evidence of innocence is in part the basis for why an individual would be wrong-
fully convicted and available to report factual innocence in a survey. This leaves surveys of 
wrongful convictions with a paradox, they are perhaps the only means of gathering a rep-
resentative measure of wrongful convictions, but the accuracy of the information gathered 
cannot seemingly be verified, especially on the measure of interest.

In other situations where survey responses cannot be verified, a common survey design 
method is to minimize the probability that a respondent would be motivated to give a false 
response during the survey. This could take the form of limiting what data are collected or 
making general promises of anonymity. The potential for each of these methods to reduce 
response bias rests on the assumption that respondents will have greater confidence in the 
integrity of the research at the time of administration and, therefore, will answer more hon-
estly than they otherwise would have in the absence of these measures. Another exam-
ple of this approach can be seen in randomized response methods (RRM) as proposed by 
Warner (1965).10 However, these approaches do not actually verify that respondents are 
being truthful in their responses. To provide a more direct measure of respondent truthful-
ness, especially under either strict or relaxable assumptions required in surveys of sensitive 
topics, we consider a somewhat different approach.

10  Randomized response methods (RRM), and newer alternatives (Tan et  al. 2009), rely on purposefully 
and transparently adding noise to each individual respondent’s data at the time of collection. Although this 
necessarily increases the variance of the estimator, measures of central tendency can still be recovered. 
However, these approaches do not actually verify that respondents are being truthful in their responses. 
If the respondents understand and believe these promises, it has the potential to produce more truthful 
responses. The trade-off, however, is increasingly complex surveys, which could theoretically lead to lower 
response rates or lower quality responses if respondents are confused or distrustful of the more elaborate 
procedures (See, for example, Berman et al. 1977; Boruch 1979). Putting aside this possible trade-off, at 
a more fundamental level, the confidence that researchers have in RRM or similar methods when used to 
measure an unverifiable quantity is only as strong as the researcher’s belief in the elimination of respond-
ents’ remaining likelihood of misleading the researcher. As long as there remains a residual incentive to 
mislead, the aforementioned methods cannot guarantee an unbiased estimator. For more on randomized 
response methods, see generally (Warner 1965; Greenberg et  al. 1971; Boruch 1972; Raghavarao and 
Federer 1979; Fox and Tracy 1980, 1984; Tracy and Fox 1981; Miller 1981; Tan et al. 2009; Coutts and 
Jann 2011).

9  The DOC relies on demographic information provided by committing courts. Courts often classify 
groups such as Dominican individuals as Black while these individuals frequently self-identify as Hispanic 
on classification forms.
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Our proposed method of estimating this quantity relies on the fact that when respond-
ents are asked about the number of times that they have experienced a particular sensitive 
state, it is possible to estimate the plausibility of their particular response based on the 
number of times they and all other respondents have experienced this sensitive state. In 
any repeat trial with a fixed probability, the binomial distribution can be used to predict the 
number of expected successes and failures that should be observed. This simple approach 
is the basis of many introductory statistics problems and has occasionally been used to 
detect unlikely patterns in other real world problems (Kaplowitz et  al. 1982). The bino-
mial distribution and the various approximations to it are useful because they quantify how 
likely it is that a respondent or set of respondents would be to generate a particular distri-
bution of successes and failures. In the case of our application that is the numbers of times 
respondents have been previously convicted and report being wrongfully convicted.

If all respondents in the CJES were subject to a single uniformly acting justice system, 
in which the probability of a correct conviction (p) were fixed, it would be possible to use 
a single binomial distribution to compare the self-reported conviction histories and self-
reported innocence histories to the expected values from the binomial distribution. Such a 
model would assume that each of the n respondents have an xi, the number of convictions 
that respondent i reports as correct, that comes from a Binomial(mi, p) where mi is the 
total number of convictions respondent i has and p is the probability of reporting a cor-
rect conviction. For example, if the probability of a correct conviction in a case is p = 0.9, 
the binomial distribution would predict for respondents with three prior convictions that 
72.9% would have three correct convictions, 24.3% would have two out of the three con-
victions correct, 2.7% would have one of the three convictions correct, and for 0.1% of the 
respondents none of their three convictions would be correct. In the case of a known p we 
could then check whether our observed data match this theoretical distribution, verifying 
whether approximately 72.9% of our respondents with three convictions report all three 
as correct (0.729 = 0.9 x 0.9 x 0.9), and so on. Since in practice p is unknown, it can be 
estimated using the maximum likelihood estimator where p̂=

∑
xi∕

∑
mi , the total number 

of convictions reported to be correct divided by the total number of convictions across all 
respondents. By extending this logic beyond the simplest case, where the justice system 
operates with a fixed level of accuracy for all people and all cases, to the more realistic 
scenario in which the justice system operates with varying degrees of accuracy, it is pos-
sible to quantify the excess fraction of all respondents who report complete innocence (See 
“Appendix” for details). This estimator is necessarily limited to characterizing the magni-
tude of this departure from the expected value. However, it offers a means of assessing the 
plausibility of a given distribution of claims even for those individuals who do not them-
selves have large numbers of prior convictions.

While this estimator provides a useful test for whether the frequencies observed 
in the data match the estimated p of a single binomial distribution, it is less useful 
at characterizing any departures from the binomial. Respondents may report convic-
tion histories that are inconsistent with the binomial distribution for multiple reasons. 
These departures have the potential to be informative, especially if an unexpectedly 
high number of respondents report that none of their convictions are correct. Using 
an expanded model with additional parameters that breaks away from assuming that 
all respondents have a common p, such as assuming some respondents report a cor-
rect conviction with probability 0 while others report a correct conviction with prob-
ability p, it is possible to characterize the magnitude of these departures from the 
binomial. The resulting distribution of the xi is a two-component mixture distribu-
tion; some fraction of the population, α, always claims innocence (and report xi = 
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0) and the remaining fraction of respondents, 1  −  α, report their number of correct 
convictions as a draw from a Binomial(mi, p). The α captures the excess in the fre-
quency of claims of innocence beyond what the binomial distribution would predict. 
According to this model, the probability that a respondent reports all wrongful con-
victions is P

(
xi = 0

)
= � + (1 − �)(1 − p)mi , the first term is contributed by respond-

ents who always report that they were wrongfully convicted and the second part from 
the Binomial(mi, p). For this model to work in practice, it requires a good estimate of 
α in order to peel it away from other claims of wrongful conviction, eliminating the 
respondents who will never admit to a correct conviction. The maximum likelihood 
estimators for α and p do not exist in closed-form, but an EM algorithm (Dempster 
et  al. 1977) converges to the maximum likelihood estimators of α and p. This two-
component model, however, is still too restrictive. Obtaining a good estimate of α 
depends on our ability to adequately model the responses of respondents who have 
P(xi  =  0)  <  1. If the binomial component of the two-component model is incorrect, 
then our estimate of α will also be incorrect. To accommodate this possibility, we relax 
the restriction that respondents either have 0 probability of reporting a correct convic-
tion or a shared probability p of reporting a correct conviction.

For this more flexible model, we consider the number of reported correct convic-
tions, xi, as a draw from a Binomial(mi, pi) where mi is the reported number of con-
victions and pi is the probability that a conviction of respondent i’s is reported to be 
correct. Within each respondent, we assume the probability of reporting a correct con-
viction is the same pi for each of their convictions. The variation in pis from respondent 
to respondent reflects the variation in features such as the kinds of crimes they commit, 
variation in the courts that adjudicated their cases, and the respondents’ views on their 
cases. The pi can take on any value in [0,1] and we place no constraint on the distribu-
tion of the pi across respondents. Instead we let F(p) be any distribution function on 
[0,1] and estimate it non-parametrically from the data. The two-component model is a 
special case, one that puts a point mass at 0 and another point mass at another value 
greater than 0. However, for the flexible model we do not place any restrictions on the 
shape of F(p). Instead we find the function F that maximizes the likelihood function

where the integral inside the product integrates with respect to F(p) the binomial probabil-
ity of the number of reported correct convictions. If we fixed F(p) to be a beta distribution, 
a commonly used distribution for probabilities, the integral in (1) yields the beta-binomial 
distribution, a generalization of the binomial that can have variance larger than the standard 
mipi

(
1 − pi

)
 . Again, we place no restrictions on F(p) as even the beta distribution might be 

too strong of an assumption. We compute the non-parametric maximum likelihood esti-
mate (NPMLE) of F by maximizing (1) over all possible distributions on [0,1]. We do not 
fix F(p) to be discrete, continuous, beta, or any other specific class of distribution. The 
only restrictions are the standard properties of distributions, 0 ≤ F(p) ≤ 1 and F(p) is non-
decreasing. A simulation of this flexible approach (See Appendix for details) demonstrates 
that the most flexible approach, the NPLME, offers the estimate of the fraction of respond-
ents always reported innocence with the least bias. Unadjusted results and results adjusted 
using this estimator are reported in the next section.

(1)L(F) =

n∏
i=1

∫
1

0

(
mi

xi

)
pxi (1 − p)mi−xidF(p)
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Results

The CJES incorporated a near-replication of RAND Inmate Surveys’ two-item enumerated 
list of conviction offenses and claimed offenses. After checking off all offenses in their 
most recent conviction from a list of the most common conviction offenses (with an “other” 
option for free responses), respondents in the CJES were instructed to indicate which of 
these conviction offenses they believed themselves to have committed. Comparing these 
self-reported conviction offenses to self-reported committed offenses, 66.7% (± 1.7) of 
inmates indicate that they committed all of the offenses in their most recent conviction (See 

66.70%

22.20%

11.10%

0%

10%

20%

30%

40%

50%

60%

70%

80%

All Some None

Frac�on of Most Recent Convic�on Offenses Commi�ed
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Fig. 3   Conviction/commission correspondence by most serious offense (n = 2504, 95% CI)
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Fig.  2).11 Another 22.2% (± 1.6) of inmates report committing some offenses related to 
their most recent conviction, and 11.1% (± 1.3) of inmates report committing none of the 
offenses in their most recent conviction.

Confirming the hypothesized ambiguity of partial matches between convicted and 
claimed conduct, the figure of 22% of respondents reporting partial responsibility for their 
most recent conviction can be further split into two groups—13% of respondents indicat-
ing responsibility for one or more lesser included offenses and 9% of respondents listing 
offenses that were not obviously constituent offenses. Examples of lesser included offenses 
include individuals reporting responsibility for drug possession rather than drug distribu-
tion or individuals reporting responsibility for trespass rather than burglary. An example 
of a claim of partial responsibility for a non-constituent offense is the case of a respondent 
self-reporting a recent conviction for burglary while self-reporting having actually com-
mitted drug distribution. These partial responsibility results likely reflect some degree of 
respondent confusion, but they also illustrate the challenges of enumeration-based corre-
spondence metrics such as these. These limitations aside, with a clear majority of inmates 
indicating complete responsibility for their most recent convictions and a substantial 
minority indicating partial responsibility for their most recent conviction, these estimates, 
like those reported previously in the RAND Inmate Surveys, dispel the widespread mis-
conception that all or even most prisoners claim that they are innocent.

For a more detailed comparison to those results, we examined the offense by offense 
breakdown of conviction/commission matches. For most offenses in Fig. 3, including the 
most common conviction offenses, between 60 and 90% of respondents indicated that they 
committed all of the crimes they were convicted of. Theft, DUI, possession with intent to 
distribute (PWID), burglary, robbery, drug possession and weapon offenses all follow this 
pattern. Likewise, these same categories typically have between 3 and 10% of respondents 
indicating that they did not commit any of the crimes they were convicted of. The variance 
in responses is largely driven by individuals self-reporting that they only did some of their 
most recent conviction offenses rather than being driven by individuals self-reporting they 
did none of their most recent conviction offenses. The only categories that do not follow this 
pattern are aggravated assault, simple assault, murder/manslaughter, and rape. Interestingly, 
all of these offenses are generally assaultive in nature, rather than acquisitive or substance 
abuse-related crimes. And with the exception of rape, which has far higher rates of respond-
ents denying any responsibility, murder and aggravated assault have considerably higher 
rates of respondents reporting partial involvement rather than complete noninvolvement.12 

11  All reported confidence intervals were computed using bootstrapping (Efron and Tibshirani 1986). 
While incidence estimates reflect the population, and are therefore not subject to sampling error, these inter-
vals are particularly useful when interpreting estimates conditional on covariates such as those reported in 
Figs. 3 and 4. For an alternative view of population statistics as samples from super-populations, see Dem-
ing and Stephan (1941) and (Thygesen and Ersbøll 2014). In addition, non-sampling error bounds were 
computed to account for the small degree of unit and item non-response in the survey administration. These 
confidence intervals were computed following Manski (2003), under the assumption that all non-respond-
ents would have indicated each possible response with a P of 1. The resulting bounds (± 8%) were consider-
ably larger than the bounds generated by the bootstrap. The reporting of these bounds was rejected after an 
examination of the correlation between response rates and population estimates by survey batch revealed a 
weakly positive relationship, contradicting the much stronger assumption under Manski.
12  In many jurisdictions, including this setting for this study, crimes such as murder, manslaughter and rape 
may encompass a wide range of conduct linked by a common outcome (e.g., death of a victim, sexual con-
tact without legal consent). These complex scenarios, often requiring the subjective testimony of witnesses 
or participants, may contribute to the increased rate for claims of partial involvement observed here. While 
beyond the scope of this analysis, this supposition warrants additional inquiry.
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This pattern, again mirroring findings from the RAND survey, reinforces the idea that most 
prisoners report responsibility for their convictions and that for those convictions that they 
do not completely acknowledge responsibility for, they frequently claim some degree of 
responsibility . The correlation between property, substance abuse, and distribution crimes 
and relatively low rates of unclaimed convictions is also notable. These are the crimes for 
which a the majority of prisoners are incarcerated (Krause et al. 2016).

While these patterns are broadly consistent with the RAND Survey results, especially 
as reported in Poveda (2001), respondents in the CJES were more likely to report having 
completed only some of the crimes for which they were most recently convicted. For exam-
ple, in the CJES, 65% of inmates convicted of robbery reported committing that offense, 
26% reported committing another offense including a lessor included one, and 9% reported 
not committing any crimes whatsoever. By contrast, in the RAND Inmate Survey, 75% of 
inmates convicted of robbery reported committing that offense, 13.5% reported committing 
some other offense, and 11.5% reported not committing any crimes. For this offense, the 
subgroups claiming complete innocence are quite similar despite the spatial and tempo-
ral distance between the two administrations. It appears that the observed differences are 
driven by the greater numbers of individuals in the CJES who reported commission of 
some other crime, thereby depressing the number reporting having committed all crimes in 
their most recent conviction. Similar results can be seen for murder, as well as other seri-
ous offense types.

To generate the evidence necessary to distinguish claims of legal and factual inno-
cence, respondents were then asked to indicate if they believed themselves to have been 
wrongfully convicted, which was immediately followed by a question asking respondents 
to provide an explanation for their selected binary response to this forced choice question 
(Fig. 1). Consistent with the results reported in Fig. 2, just over two-thirds (69.8% ± 1.8) 
of prisoners indicated that they were properly convicted and just under one-third (30.2% ± 
1.8) indicated that a wrongful conviction occurred in their most recent case (See Table 2). 
Conditional on indicating a wrongful conviction, 25.8% (8.2% ± 1.1 of the overall sam-
ple) indicated that they “didn’t do any of the things they convicted me of.” 25.7% (8.8% 
± 1.1 of the overall sample) indicated that they “didn’t do everything they convicted me 
of.” 14% (8.2% ± 1.1 of the overall sample) indicated a missing legal element. Several 
distinct legal or procedural issues surfaced in these responses. For 5.0% (1.6% ± 1.1 of 
the overall sample) the legal issue was a lack of intent. For 7.2% (2.3% of the total sample) 
the issue was a charged and convicted level of personal involvement that did not align with 
the respondent’s self-assessed conduct. Another 13% reported a flawed legal process of 
some kind while still acknowledging responsibility for their crimes. This category was split 
almost equally between individuals indicating they “didn’t get a fair trial” (2.0% of the total 
sample) and individuals indicating that the case against them was weak (2.3% of the total 
sample). The remaining respondents indicated another reason for their wrongful convic-
tion, often involving police or witness misconduct (4.1% of the total sample) or failed to 
provide a further explanation for their self-reported wrongful conviction (0.9% of the total 
sample). These results confirm the findings from the RAND survey that most prisoners are 
willing to report acceptance of their convictions and that, even among those that report 
being wrongfully convicted, the majority accept partial responsibility. In contrast to the 
RAND instrument, the CJES instrument is able to capture a greater range of the respond-
ents’ reasoning for reporting a lack of responsibility for a conviction offense.

In order to better understand the measurement properties of the basic RAND con-
struct in contrast to the CJES instrument, Table  3 compares the number of persons 
reporting complete, partial, or non-innocence via the RAND construct and responses 
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to the CJES binary measure of wrongful/rightful conviction. This comparison confirms 
that when individuals report “did no crime” (the RAND formulation) or “no crimes 
committed” (the CJES reformulation), most respondents are in fact indicating that they 
have been wrongfully convicted. The RAND instrument also does a reasonable job of 
capturing respondents claiming complete innocence with a small number of respondents 
indicating that they did not commit their most recent conviction offense while then indi-
cating that they were properly convicted on the CJES instrument. A larger discrepancy 
between the two measures can be seen in the number of individuals (267) who reported 
committing all of the offenses they were convicted of on the RAND construct and yet 
indicate that they were wrongfully convicted in the CJES forced-choice question. Most 
likely, these individuals retained some additional legal grievance while still acknowl-
edging their involvement in their conviction offenses.

Table 2   Self-report wrongful conviction

Point 
estimates 
(%)

Confidence intervals

Rightfully convicted 69.8 (68.1, 71.5)
Wrongfully convicted
 I didn’t do any of the things they convicted me of 8.2 (7.3, 9.3)
 I didn’t do everything they convicted me of 8.8 (7.7, 9.9)
 I did what they convicted me of, but I didn’t mean to do it 1.6 (1.2, 2.1)
 I did what they convicted me of, but I wasn’t as involved as they said I 

was
2.3 (1.8, 3.0)

 I did what they convicted me of, but I didn’t get a fair trial 2.0 (1.6, 2.7)
 I did what they convicted me of, but the case against me was weak 2.3 (1.8, 2.9)
 Other reason 4.1 (3.4, 4.9)
 Missing 1.0 (0.6, 1.4)

Subtotal 30.2 (28.5, 32.0)

Table 3   Self-report wrongful 
conviction/RAND replication 
comparison

Fraction of crimes committed 
(RAND replication)

All Some None

Rightfully convicted (CJES) 1369 292 31
Wrongfully convicted (CJES) 267 253 242

Table 4   Self-report innocence/
RAND replication comparison 
binary measures

Innocent (RAND) Not 
innocent 
(RAND)

Innocent (CJES) 119 78
Not innocent (CJES) 160 2147
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Examining Table 4, which reports the cross-tabulation of responses to a binary CJES 
measure of complete innocence derived from the respondent explanation of their claims 
of wrongful convictions with the binary version of the RAND instrument classification 
in which respondents answers are grouped according to whether they indicated “did no 
crime” or not, it appears that the two measures are only moderately correlated (r = 0.46, 
α = 0.62), with the off-diagonals suggesting that the existing RAND Inmate Instrument 
is overly inclusive of legal grievances that are distinguishable from factual innocence 
using the more detailed measurement instrument of the CJES.

Returning to Table  2, in which 8.2% of respondents reported complete innocence 
of their most recent crimes of convictions, we estimated the distribution of individual 
inmates’ probabilities of reporting correct convictions using the non-parametric maxi-
mum likelihood estimator described above. For individuals reporting prior convictions, 
the individual fractional probabilities of specific numbers of wrongful and correct con-
victions were calculated (See Table 5) producing

the distribution F̂(p ) described in (2) is the distribution that maximizes (1) over all possible 
distributions on [0,1]. The data suggest that 2% of sample inmates will report that all their 
convictions were erroneous, 56% will report being correctly convicted in all of their cases, 
and 42% will report that 70% of their cases were correct and 30% were in error. These 
results suggest that a small fraction of respondents (2%) with prior convictions were likely 
to state that they were innocent no matter how many prior convictions they possessed and 
reported. A 95% bootstrap confidence interval around this estimate has a range of (0.001, 
0.032). This estimate of implausible response forms the basis of a corrected prevalence 
estimate. With 8.2% of the respondents claiming factual innocence in their most recent 
conviction, and an estimate that 2% of inmates will always claim innocence no matter how 
many convictions they have, we estimate an adjusted rate of factual innocence of 6.2% of 
all respondents. This is our most comprehensive estimate for the number of factually inno-
cent respondents in this administration of the CJES.

With a point estimate of self-reported innocence for all inmates in the survey hov-
ering in the mid-to-high single digits, we return to the conviction offense variation 
observed in Fig. 3. Self-reported innocence as measured using the binary CJES factual 

(2)dF̂(p) =

⎧
⎪⎨⎪⎩

0.02 p = 0

0.42 p = 0.695

0.56 p = 1

0 otherwise

Table 5   Prior convictions and 
prior correct convictions

# of correct convictions

# of prior 
convictions

0 1 2 3 4 5 Total

1 61 396 0 0 0 0 457
2 33 86 331 0 0 0 450
3 9 32 66 251 0 0 358
4 4 2 30 26 126 0 188
5 5 2 4 28 23 103 165
Total 112 518 431 305 149 103 1618
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innocence measure has now been substituted for the modified RAND construct. Inter-
estingly, the approximate rank order of the two measures is quite similar, with DUI and 
other theft anchoring the low end of the distribution and murder, other sexual assault 
and rape anchoring the high end. The previously observed pattern of lower rates of self-
reported innocence in acquisitive crimes still holds while purely assaultive crimes also 
continue to manifest the highest rates of self-reported innocence. Once again, the high-
est volume offense categories also manifest the lowest levels of self-reported innocence; 
while the lower volume but highest seriousness offense categories manifest the highest 
rates. However, this is just one way of categorizing the particular rank order observed. 
It is equally true that crimes that have elicited the greatest concerns about wrongful 
convictions [e.g., rape,13 murder, arson (not shown)] cluster near the top of self-reported 
wrongful conviction rates while crimes which rarely receive attention in discussions of 
wrongful convictions cluster near the bottom of the list [e.g., DUI, other theft, forgery 
(not shown)]. Consideration of additional correlates may shed light on this recurring 
pattern, but this is beyond the scope of the current work (Fig. 4).

Applying the binomial adjustment to each offense-category separately, Fig.  5 shows 
that once again the approximate rank order of self-reported wrongful conviction rates is 
retained and departures from this order are likely within the bounds of adjacent categories 
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Fig. 4   Self-reported innocence by most serious conviction offense (n = 2504, 95% CI)

13  Many of the rape convictions involve case circumstances quite different than those addressed by the 
Urban Institute study referred to earlier in this paper. In that study, stranger rape and the resulting blind 
search of a DNA database was the basis of their 3% prevalence estimate. The self-reported rape and sexual 
assault cases in the present study can be assumed to include a substantial number of non-stranger or non-
disputed sexual contact cases. These involve a claim not of complete non-presence or non-involvement, 
which would trigger the collection and eventual analysis of DNA, but instead that the sexual contact was 
not criminal due to a missing legal element. While these are necessarily murkier cases than those described 
in the Virginia study, they are nonetheless claims of factual innocence.
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overlapping 95% confidence intervals. However, three subgroups can clearly be observed. 
Several offenses, including possession with intent to distribute, burglary, robbery and rape 
are all left unchanged by the binomial adjustment. The range of base self-reported rates 
across these categories suggest this is not simply a function of very high expected error 
rates. The second group includes offenses with some adjustment to their reported rates. 
These include most assaultive crimes, drug possession and other theft. Finally, DUI and 
theft both are adjusted to zero as the binomial adjustment suggests that all reports for this 
categories are implausible.

This could reflect the longer criminal histories of individuals imprisoned for these 
offenses. Conversely, the absence of adjustments to several categories, such as rape, may 
reflect the shorter criminal histories in this population. As noted previously, the binomial 
adjustment is dependent on the presence of a non-zero criminal history within the adjusted 
population. However, it is unlikely that this interpretation is a sufficient explanation for 
all of the observed patterns. Another possibility is that the key determinant of the size of 
the binomial adjustment will be the reported rate of wrongful convictions among individu-
als with one prior conviction. As implemented, the binomial adjustment is re-estimated 
separately for each offense category. And for each category this will be the largest group 
of cases. If these cases have a low reported rate of wrongful convictions and subsequent 
groups (e.g., 2 priors, 3 priors, etc.), which will virtually always be smaller, have higher 
rates of reported wrongful convictions, then the binomial estimator will, by design, esti-
mate that the entire category warrants a larger correction. Similarly, if one prior conviction 
cases in an offense category have a high rate of reported wrongful convictions and sub-
sequent categories have low reported rates of wrongful conviction, then these categories 
will like be subject to a much smaller adjustment. Rape and murder usefully illustrate this 
pattern. Respondents with a current rape conviction and one prior conviction self-report a 
correct conviction rate of 70% while the next largest group (2 prior convictions) has a cor-
rect conviction rate of 100%. Murder, by contrast, has 92% of one prior conviction cases 
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self-reporting a correction conviction and just 81% reporting that both of their prior con-
victions (for the 2 prior conviction case) were correct. Whether this interpretation is cor-
rect, it is clear that just as the self-reported innocence rate varies considerably by offense so 
too does the rate of implausible responses, reinforcing the need to estimate and incorporate 
these adjustments.

Discussion

The dark figure of wrongful convictions is not the first seemingly unmeasurable quantity 
involving the legal system. For many years, the specter of an analogous figure for unre-
ported and unrecorded crime haunted scholars, who were aware of the limitations of rely-
ing on police and court statistics to assess not only the contemporaneous volume of crime, 
but also changes in crime over time in response to changing social conditions, laws, and 
police practices (Biderman 1967; Biderman and Reiss 1967). However, beginning in the 
mid-20th century, the first self-report surveys of illegal behavior (Robison 1936; Huizinga 
and Elliott 1986) and the first household criminal victimization surveys (Biderman 1967; 
Skogan 1981), shed light on the frequency of crime and victimization not known by legal 
authorities. Many design and administration issues needed to be resolved, including recall 
errors, willingness to participate, and even the rarity of victimization, which was origi-
nally thought to make such victimization surveys practically impossible to administer at a 
reasonable cost (Hindelang 1981). Eventually these problems were resolved and the fun-
damental utility of the information for resolving key theoretical questions in the study of 
delinquency became clear.

The scientific study of wrongful convictions is at a similar crossroads. Years of efforts 
by legal scholars and practitioners have firmly established that wrongful convictions occur 
and have provided a quantitative and qualitative window into their frequency and contrib-
uting factors. This body of work has been influential in policy circles and continues to 
reshape the operation of the criminal justice system. However, the scientific knowledge 
contributions have been limited (so far) to the subset of conviction errors readily known 
to legal authorities—exonerations in mostly capital cases. Efforts by criminologists and 
other social scientists to examine the frequency and predictors beyond this population, 
including general prison populations, non-custodial felony caseloads, as well as misdemea-
nor convictions, have been more limited and have left scholars and policymakers with an 
incomplete picture of the extent of the potential problem in this wider population. Schol-
ars hoping to solve this problem could wait for the legal community to generate sufficient 
numbers of exonerations in non-capital caseloads to support scientific inquiry on the basis 
of counting the occurrence and characteristics of these newly discovered cases. However, 
this approach will leave them dependent on the ability of legal practitioners to surface a 
representative sample of all factual errors. The alternative is for social scientists to generate 
measures of wrongful convictions that are independent of legal advocacy.

While the issues involved in surveying prisoners and other convicted persons regarding 
their experiences and agreement with their own convictions raises different methodological 
issues, the present investigation demonstrates that survey methods can provide bounded 
estimates when they are paired with newly developed methods for evaluating the plausibil-
ity of claims on sensitive questions and administered using a sampling frame that generates 
a representative sample of a known population. These resulting estimates, the first to for-
mally separate claims of legal and factual innocence and to incorporate a formal measure 
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of response plausibility, suggest that prisoners themselves are very often willing to self-
report the correctness of their convictions. At the same time, a considerable minority indi-
cate that procedural weaknesses with the administration of justice occurred in their cases. 
Lastly, a distinct subgroup, with considerable offense variation, maintain that they are com-
pletely innocent of the charges against them.

In practice, the existence of these three groups is no longer as much in question as it 
was nearly one hundred years ago when scholars began debating the existence of wrongful 
convictions. However, the meaning of the exact size of each group as reported in this study 
is, and will remain, subject to considerable interpretation. A mid-to-high single digits self-
reported factually-innocent wrongful conviction rate can both be interpreted as quite low, 
since over 90% of remaining convictions were at least partially correctly decided, and as 
quite high, since the affected prison population is conceivably measured in millions rather 
than in hundreds as is the case for death penalty cases. With either interpretation, the results, 
though specific to Pennsylvania, suggest that errors occur with some regularity. And though 
the results do not imply guilt or innocence in any specific case,14 they should serve to 
remind prosecutors, defenders, judges, and juries that there is some non-zero chance that the 
defendant before them could in fact be innocent. For this reason, it is imperative that future 
work both replicate these results in other populations and use the CJES and other self-report 
instruments to form a better understanding of the predictors of these self-reported wrong-
ful convictions in this population of cases. There is scholarly precedent for this work, as a 
parallel literature has usefully employed self-report measures to study the predictors of false 
confessions (Gudjonsson and Sigurdsson 1994; Sigurdsson and Gudjonsson 1996; Gudjons-
son et al. 2006, 2009; Redlich et al. 2010). A similar approach using measures like those in 
the present paper could determine whether the predictors of wrongful capital convictions 
are also the predictors of non-capital wrongful convictions as well as whether jurisdictions 
differ in the frequency with which participants report being wrongfully convicted. Before 
doing so, several limitations of the present investigation merit further examination.

First, the present investigation externally validated demographic and criminal his-
tory information and internally validated innocence claims, but did not attempt to exter-
nally validate the particular factual innocence claims made by respondents. This deci-
sion stemmed from the twin beliefs that self-reported measures of innocence have their 
own value independent of their correspondence to official measures of guilt generated by 
the legal system and that the potential benefits of anonymity, in the form of lower non-
response and response biases, outweighed the possible benefits of comparing self-reported 
case information to administrative case information at the individual level. While it is 
likely at least some survey-reported claims of innocence could be examined for compara-
bility to legal measures of innocence, assuming respondents were asked to provide identi-
fying information, past attempts to compare self-report and official measures have shown 
that establishing the accuracy of either source of information with respect to the other can 
be quite difficult (Elliott 1995). Such an approach would also work much better for estab-
lishing comparability in cases that involve disputed factual elements and much less well 
in cases were claimed innocence hinges on questions of intent, involvement or identity.15 

14  Similarly, these results do not address the probability or truthfulness of claims that any given individual 
defendant, whether within the jurisdiction in which these data were collected or beyond, has been wrong-
fully convicted or denied due process.
15  Alternatively, a randomized response design could be employed for a randomly selected subset of cases, 
in order to establish whether this approach does in fact generate different estimates than the raw or adjusted 
CJES estimates (Coutts and Jann 2011; Jann et al. 2012).
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Implementing these additional comparisons could usefully assess the degree to which the 
assumptions made in the present work have been well made.

Secondly, achieving a representative sample of the statewide male inmate population 
was the goal of this particular administration, as it significantly expanded the scope and 
visibility of possible factual errors within a general criminal justice population.  How-
ever,  doing so is unlikely to enable immediate generalization onto other closely related 
and important populations due to differences in expected time served and/or probability 
of wrongful conviction for different offenses, changes in charging patterns at the state and 
local levels, fluctuations in sentencing and punishment practices over time and intra-juris-
dictional variation in procedural rules and legal protections. These factors suggest that the 
total group of incarcerated individuals in this jurisdiction may be somewhat different than 
the intake population during the CJES administration. Considering the felony convicted 
population, of which prisoners are a significant but not exclusive subset, it is possible and 
quite likely that differences would emerge if the probability of reporting a wrongful con-
viction is correlated with case characteristics that are themselves correlated with the prob-
ability of being sentenced to state prison. At a still broader level, the same logic applies to 
convictions involving misdemeanors and non-custodial sentences. In order to address the 
limitations in generalizability, an expansion of the scope of offender surveys is required. 
This includes a horizontal expansion within the state prison system to include subgroups 
of offenders not captured in this sample. Women, non-English speaking and capital offend-
ers, for example, are under- or un-represented here, as they are within the overall custodial 
population. A vertical expansion, encompassing a broader swath of the adjudication pro-
cess is also needed as offenders diverted away from state incarceration (here, to county 
jails) or all forms of incapacitation (e.g., community supervision) are also absent from this 
sample. This type of expansion could focus on convicted persons sentenced to probation as 
well as those defendants who have accepted or are considering a plea deal. These measures 
would provide complimentary estimates to those from this first administration of the CJES, 
further specifying the systematic rates of self-reported wrongful conviction.

Finally, while many of the observed differences in offense-specific rates are likely 
insignificant, the range—spanning two orders of magnitude—clearly indicates the need 
for additional research exploring these large differences. Exoneration-based estimates of 
capital cases are in the low single digits, whereas CJES-based estimates for overlapping but 
mostly non-capital cases (e.g., murder, rape) are in the low to mid-double digits. Similarly, 
even within the extremely large error bounds found for most assaultive crimes, the mid-
double-digit estimates for rape and other sexual assaults are notable. The specific reasons 
for these differences will likely require larger samples of cases. Future work could also use-
fully record more fine-grained gradations and fact-patterns in this subset of cases to enable 
the identification of the subset of cases that are closer to the fact-patterns often observed in 
capital cases.

Pending the completion of this additional work, several preliminary conclusions appear 
warranted. First, the initial estimates from the CJES, when compared to prior estimates that 
used a variety of different methodologies and samples, are quite similar. The latest estimate 
from the capital case literature is that 4% of death penalty cases involve innocent persons. 
Just 2% below the estimate derived from the CJES. Similarly, recent surveys of criminal 
justice practitioners put their estimates at 1–3% of convictions. And the last administration 
of a self-report survey of innocence reported a 6% estimate, suggesting that concerns about 
non-response bias in self-report surveys of innocence may be less than previously thought. 
Given the inherent imprecision in all existing methodologies for estimating the preva-
lence of wrongful convictions, the CJES included, these estimates suggest that wrongful 
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convictions occur with at most single-digit frequency for most prisoners. This conclusion 
assumes that estimates generated by self-report are, at a minimum, an upper bound on the 
rate of actual innocence.

Second, the observed variation in the offense-specific innocence rates inmate self-report 
data reinforces the importance of offense-specific innocence estimates. It also highlights 
the possibility that convictions not well-represented in the capital case literature could have 
both much higher and much lower wrongful conviction rates. The extent of this variation is 
another reason why new measurement tools are needed.

Finally, even when participants in social surveys are given assurances of anonymity to 
report sensitive information, it is critical to assess the quality of reported information, espe-
cially when only certain information can be externally validated. Methods, such as those 
reported in this paper, suggest one pathway to assess the magnitude of this problem. In 
contrast to prior approaches to problems of self-report response bias, the binomial estima-
tion of implausible responses provides an explicit estimate of the magnitude of the prob-
lem. Future surveys of wrongful convictions as well as studies of other topics that could 
elicit a mix of credible and non-credible self-reported responses could also benefit from the 
use of these tools.

Appendix: NMPLE Binomial Estimation of Implausible Responses

To estimate F(p) we employ a non-parametric maximum likelihood estimator. While we 
place no restrictions on F(p), Laird (1978) proved that the NPMLE of the mixing distri-
bution F is discrete under conditions satisfied by the binomial distribution. That is, the 
estimate F̂(p) will always be discrete; any continuous distribution choice for F will have a 
smaller likelihood. The EM algorithm can compute the NPMLE numerically. Initializing 
the algorithm with J point masses equally spaced at p1,… , pJ on [0, 1], set �j =

1

J
 for j in 

1,…, J. Then iterating to convergence the equations

produces F̂(p) , having probability P
(
p = pj

)
= �j.

A simulated example demonstrates how this estimator performs on the three modeling 
choices we considered. We simulated data for n = 2000 respondents. For each respond-
ent we generated the number of prior convictions, mi, as one plus a random draw from a 
negative binomial with mean 2 and standard deviation 2. Half of the simulated respondents 
had one or two convictions and 8% had seven or more. We randomly assigned 5% of the 
respondents to have p = 0 (reports all convictions as wrongful), 25% of respondents to have 
p = 1 (reports all convictions as correct), and for the remaining 70% we drew pi from a beta 
distribution with mean 0.7 and standard deviation 0.14. Lastly, we simulated the number of 
reported correct convictions from a Binomial (mi, pi).

If all simulated respondents were assumed to be honest, by ignoring the possibility that 
some respondents might lie and always report all convictions as wrongful (p = 0), then 
directly computing the proportion of convictions that simulated respondents report as 
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correct yields p̂ = 0.746 . The two-component mixture model produces estimates p̂ = 0.790 
and �̂ = 0.061 , not far off from the true 5% with p = 0 that we simulated. We then esti-
mated the NPLME:

The NPMLE recognizes that there are an excess number of simulated respondents for 
which p is 0 or 1 and closely estimates their proportion, 4.4% of respondents always indi-
cate wrongful conviction (true simulated value was 5%) and 23.8% always indicate cor-
rect conviction (true simulated value was 25%). Then two point masses between 0 and 1 
at p = 0.553 and p = 0.823 capture the remaining respondents as best as can be extracted 
from the observed data. Again, we did not specify that F(p) would be discrete, but evaluat-
ing Eq. (1) for any continuous distribution would have a lower likelihood than the discrete 
distribution. From this model the estimated fraction of respondents always reporting their 
convictions as wrongful is 4.4%, the closest to the true value of 5% for any of the modeling 
approaches.

The simulation demonstrates that the most flexible approach, the NPLME, offers the 
estimate of the fraction of respondents always reported innocence with the least bias.
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