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Preface 

 
Eyewitness identifications play an important role in the investigation and prosecution of crimes, but 

they have also led to erroneous convictions. In the fall of 2013, the Laura and John Arnold Foundation 

called upon the National Academy of Sciences (NAS) to assess the state of research on eyewitness 

identification and, when appropriate, make recommendations. In response to this request, the NAS 

appointed an ad hoc study committee that we have been privileged to co-chair.  

The committee’s review analyzed relevant published and unpublished research, external 

submissions, and presentations made by various experts and interested parties. The research examined fell 

into two general categories: (1) basic research on vision and memory and (2) applied research directed at 

the specific problem of eyewitness identification. Basic research has progressed for many decades, is of 

high quality, and is largely definitive. Research of this category identifies principled and insurmountable 

limits of vision and memory that inevitably affect eyewitness accounts, bear on conclusions regarding 

accuracy, and provide a broad foundation for the committee’s recommendations. 

Through its review, the committee came to recognize that applied eyewitness identification research 

has identified key variables affecting the accuracy of eyewitness identifications. This research has been 

instrumental in informing law enforcement, the bar, and the judiciary of the frailties of eyewitness 

identification testimony. Such past research has appropriately identified the variables that may affect an 

individual’s ability to make an accurate identification.  However, given the complexity of the problem, 

the practical difficulties it poses for experimental research, and the still ongoing evolution of statistical 

procedures in the field of eyewitness identification research, there remains at the time of this review 

substantial uncertainty about the effect and the interplay of these variables on eyewitness identification. 

Nonetheless, a range of practices has been validated by scientific methods and research and represents a 

starting place for efforts to improve eyewitness identification procedures.  

In this report, the committee offers recommendations on how law enforcement and the courts may 

increase the accuracy and utility of eyewitness identifications. In addition, the committee identifies areas 

for future research and for collaboration between the scientific and law enforcement communities. 

We are indebted to those who addressed the committee and to those who submitted materials to the 

committee; and we are particularly indebted to the members of the committee. These individuals devoted 

untold hours to their reviews of materials, meetings, conference calls, analyses, and report writing. This 

report is very much the result of the enormous contributions of an engaged community of scholars and 

practitioners who reached their findings and recommendations after many vigorous and thoughtful 

discussions. We also would like to thank the project staff, Karolina Konarzewska, Steven Kendall, Arlene 

Lee, and Anne-Marie Mazza and editor Susanna Carey for their dedication to the project and to the work 

of the committee.  

 

Thomas D. Albright and Jed S. Rakoff 

Committee Co-chairs 
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Summary 

 
Eyewitnesses play an important role in criminal cases when they can identify culprits.

1
 Yet it is well 

known that eyewitnesses make mistakes, and their memories can be affected by various factors including 

the very law enforcement procedures designed to test their memories. For several decades, scientists have 

conducted research on the factors that affect the accuracy of eyewitness identification procedures. Basic 

research on the processes that underlie human visual perception and memory have given us an 

increasingly clear picture of how eyewitness identifications are made and, more important, an improved 

understanding of the principled limits on vision and memory that may lead to failures of identification. 

Basic research has been complemented by a growing body of applied research on eyewitness 

identification, which has examined those variables that particularly affect eyewitnesses to crimes: system 

variables (conditions such as the procedures followed to obtain identifications that can be controlled by 

law enforcement) and estimator variables (conditions associated with the actual crime, such as viewing 

conditions, or factors specific to the eyewitness, such as the race of the victim relative to that of the 

perpetrator, that cannot be controlled by law enforcement). 

Through such scientific research, we have learned that many factors influence the visual perceptual 

experience: dim illumination and brief viewing times, large viewing distances, duress, elevated emotions, 

and the presence of a visually distracting element such as a gun or a knife. Gaps in sensory input are filled 

by expectations that are based on prior experiences with the world. Prior experiences are capable of 

biasing the visual perceptual experience and reinforcing an individual’s conception of what was seen. We 

also have learned that these qualified perceptual experiences are stored by a system of memory that is 

highly malleable and continuously evolving, neither retaining nor divulging content in an informational 

vacuum. The fidelity of our memories to actual events may be compromised by many factors at all stages 

of processing, from encoding to storage to retrieval. Unknown to the individual, memories are forgotten, 

reconstructed, updated, and distorted. Therefore, caution must be exercised when utilizing eyewitness 

procedures and when relying on eyewitness identifications in a judicial context. 

In 2013, the Laura and John Arnold Foundation called on the National Academy of Sciences (NAS) 

to appoint an ad hoc study committee to: 

 

1. critically assess the existing body of scientific research as it relates to eyewitness identification; 

2. identify any gaps in the existing body of literature and suggest appropriate research questions to 

pursue that will further our understanding of eyewitness identification and that might offer 

additional insight into law enforcement and courtroom practice;  

3. provide an assessment of what can be learned from research fields outside of eyewitness 

identification; 

4. offer recommendations for best practices in the handling of eyewitness identifications by law 

enforcement;  

5. offer recommendations for developing jury instructions;  

6. offer advice regarding the scope of a Phase II consideration of neuroscience research as well as 

any other areas of research that might have a bearing on eyewitness identification; and  

7. write a consensus report with appropriate findings and recommendations. 

 

The committee heard from numerous experts, practitioners, and stakeholders and reviewed relevant 

published and unpublished literature as well as submissions provided to the committee. In this report, the 

committee offers its findings and recommendations for: 

 

                                                 
1
Throughout this report, the term identification denotes person recognition. Eyewitness identification refers to  

recognition by a witness to a crime of a culprit unknown to the witness. 
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• identifying and facilitating best practices in eyewitness procedures for the law enforcement 

community;  

• strengthening the value of eyewitness identification evidence in court; and 

• improving the scientific foundation underpinning eyewitness identification. 

 

OVERARCHING FINDINGS 

 

The committee is confident that the law enforcement community, while operating under 

considerable pressure and resource constraints, is working to improve the accuracy of eyewitness 

identifications. These efforts, however, have not been uniform and often fall short as a result of 

insufficient training, the absence of standard operating procedures, and the continuing presence of actions 

and statements at the crime scene and elsewhere that may intentionally or unintentionally influence 

eyewitness’ identifications. 

Basic scientific research on human visual perception and memory has provided an increasingly 

sophisticated understanding of how these systems work and how they place principled limits on the 

accuracy of eyewitness identification.
2
 Basic research alone is insufficient for understanding conditions in 

the field, and thus has been augmented by studies applied to the specific practical problem of eyewitness 

identification. Applied research has identified key variables that affect the accuracy and reliability of 

eyewitness identifications and has been instrumental in informing law enforcement, the bar, and the 

judiciary of the frailties of eyewitness identification testimony.  

A range of best practices has been validated by scientific methods and research and represents a 

starting place for efforts to improve eyewitness identification procedures. A number of law enforcement 

agencies have, in fact, adopted research-based best practices. This report makes actionable 

recommendations on, for example, the importance of adopting “blinded” eyewitness identification 

procedures. It further recommends that standardized and easily understood instructions be provided to 

eyewitnesses and calls for the careful documentation of eyewitness’ confidence statements. Such 

improvements may be broadly implemented by law enforcement now. It is important to recognize, 

however, that, in certain cases, the state of scientific research on eyewitness identification is unsettled. 

For example, the relative superiority of competing identification procedures (i.e., simultaneous versus 

sequential lineups) is unresolved.  

The field would benefit from collaborative research among scientists and law enforcement personnel 

in the identification and validation of new best practices that can improve eyewitness identification 

procedures. Such a foundation can be solidified through the use of more effective research designs (for 

example, those that consider more than one variable at a time, and in different study populations to ensure 

reproducibility and generalizability), more informative statistical measures and analyses (i.e., methods 

from statistical machine learning and signal detection theory to evaluate the performance of binary 

classification tasks), more probing analyses of research findings (such as analyses of consequences of 

data uncertainties), and more sophisticated systematic reviews and meta-analyses (that take account of 

current guidelines, including transparency and reproducibility of methods). 

In view of the complexity of the effects of both system and estimator variables and their interactions 

on eyewitness identification accuracy, better experimental designs that incorporate selected combinations 

of these variables (e.g., presence or absence of a weapon, lighting conditions, etc.) will elucidate those 

variables with meaningful influence on eyewitness performance, which can, in turn, inform law 

enforcement practice of eyewitness identification procedures. To date, the eyewitness literature has 

                                                 
2
Basic research on vision and memory seeks a comprehensive understanding of how these systems are 

organized and how they operate generally. The understanding derived from basic research includes principles that 

enable one to predict how a system (such as vision or memory) might behave under specific conditions (such as 

those associated with witnessing a crime), and to identify the conditions under which it will operate most effectively 

and those under which it will fail. Applied research, by contrast, empirically evaluates specific hypotheses about 

how a system will behave under a particular set of real-world conditions. 
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evaluated procedures mostly in terms of a single diagnosticity ratio or an ROC (Receiver Operating 

Characteristic) curve; even if uncertainty is incorporated into the analysis, many other powerful tools for 

evaluating a “binary classifier” are available and worthy of consideration.
3
 Finally, syntheses of 

eyewitness research has been limited to meta-analyses that have not been conducted in the context of 

systematic reviews. Systematic reviews of stronger research studies need to conform to current standards 

and be translated into terms that are useful for decision makers.  

The committee here offers a summary of its key recommendations to strengthen the effectiveness of 

policies and procedures used to obtain accurate eyewitness identifications. 

 

RECOMMENDATIONS TO ESTABLISH BEST PRACTICES  

FOR THE LAW ENFORCEMENT COMMUNITY 

 

The committee’s review of law enforcement practices and procedures, coupled with its 

consideration of the scientific literature, has identified a number of areas where eyewitness identification 

procedures could be strengthened. The practices and procedures considered here involve acquisition of 

data that reflect a witness’ identification and the contextual factors that bear on that identification. A 

recurrent theme underlying the committee’s recommendations is development of and adherence to 

guidelines that are consistent with scientific standards for data collection and reporting. 

 

Recommendation #1: Train All Law Enforcement Officers in Eyewitness Identification 

 

The committee recommends that all law enforcement agencies provide their officers and agents 

with training on vision and memory and the variables that affect them, on practices for minimizing 

contamination, and on effective eyewitness identification protocols. 

 

Recommendation #2: Implement Double-Blind Lineup and Photo Array Procedures 

 

The committee recommends blind (double-blind or blinded) administration of both photo arrays 

and live lineups and the adoption of clear, written policies and training on photo array and live lineup 

administration.  

 

Recommendation #3: Develop and Use Standardized Witness Instructions 

 

The committee recommends the development of a standard set of easily understood instructions to 

use when engaging a witness in an identification procedure.  

 

Recommendation #4: Document Witness Confidence Judgments 

 

The committee recommends that law enforcement document the witness’ level of confidence 

verbatim at the time when she or he first identifies a suspect. 

 

Recommendation #5: Videotape the Witness Identification Process 

 

The committee recommends that the video recording of eyewitness identification procedures 

become standard practice.  

  

                                                 
3
T. Hastie, R. Tibshirani, and  J.H. Friedman, The Elements of Statistical Learning: Data Mining, Inference, 

and Prediction (New York: Springer, 2009).  



Copyright © National Academy of Sciences. All rights reserved.

Identifying the Culprit:  Assessing Eyewitness Identification

PREPUBLICATON COPY – UNEDITED PROOFS 

4 

RECOMMENDATIONS TO STRENGTHEN THE VALUE  

OF EYEWITNESS IDENTIFICATION EVIDENCE IN COURT 

 

The best guidance for legal regulation of eyewitness identification evidence comes not from 

constitutional rulings, but from the careful use and understanding of scientific evidence to guide fact-

finders and decision-makers. The Manson v. Brathwaite test under the Due Process Clause of the U.S. 

Constitution for assessing eyewitness identification evidence was established in 1977, before much 

applied research on eyewitness identification had been conducted. This test evaluates the “reliability” of 

eyewitness identifications using factors derived from prior rulings and not from empirically validated 

sources. As critics have pointed out, the Manson v. Brathwaite test includes factors that are not diagnostic 

of reliability. Moreover, the test treats factors such as the confidence of a witness as independent markers 

of reliability when, in fact, it is now well established that confidence judgments may vary over time and 

can be powerfully swayed by many factors. While some states have made minor changes to the due 

process framework, wholesale reconsideration of this framework is only a recent development. 

 

Recommendation #6: Conduct Pretrial Judicial Inquiry 
 

The committee recommends that, as appropriate, a judge make basic inquiries when eyewitness 

identification evidence is offered. 

 

Recommendation #7: Make Juries Aware of Prior Identifications 
 

The committee recommends that judges take all necessary steps to make juries aware of prior 

identifications, the manner and time frame in which they were conducted, and the confidence level 

expressed by the eyewitness at the time. 

 

Recommendation #8: Use Scientific Framework Expert Testimony 
 

The committee recommends that judges have the discretion to allow expert testimony on relevant 

precepts of eyewitness memory and identifications. 

 

Recommendation #9: Use Jury Instructions as an Alternative Means to Convey Information 
 

The committee recommends the use of clear and concise jury instructions as an alternative means 

of conveying information regarding the factors that the jury should consider.  

 

RECOMMENDATIONS TO IMPROVE THE SCIENTIFIC FOUNDATION  

UNDERPINNING EYEWITNESS IDENTIFICATION RESEARCH 
 

Basic scientific research on visual perception and memory provides important insight into the 

factors that can limit the fidelity of eyewitness identification. Research targeting the specific problem of 

eyewitness identification complements basic scientific research. However, this strong scientific 

foundation remains insufficient for understanding the strengths and limitations of eyewitness 

identification procedures in the field. Many of the applied studies on key factors that directly affect 

eyewitness performance in the laboratory are not readily applicable to actual practice and policy. Applied 

research falls short because of a lack of reliable or standardized data from the field, a failure to include a 

range of practitioners in the establishment of research agendas, the use of disparate research 

methodologies, failure to use transparent and reproducible research procedures, and inadequate reporting 

of research data. The task of guiding eyewitness identification research toward the goal of evidence-based 

policy and practice will require collaboration in the setting of research agendas and agreement on 

methods for acquiring, handling, and sharing of data.     
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Recommendation #10: Establish a National Research Initiative on Eyewitness Identification 

 

The committee recommends the establishment of a National Research Initiative on Eyewitness 

Identification. 

 

Recommendation #11: Conduct Additional Research on System and Estimator Variables 
 

The committee recommends broad use of statistical tools that can render a discriminability measure 

to evaluate eyewitness performance and a rigorous exploration of methods that can lead to more 

conservative responding. The committee further recommends that caution and care be used when 

considering changes to any existing lineup procedure, until such time as there is clear evidence for the 

advantages of doing so. 

 

CONCLUSION 

 

Eyewitness identification can be a powerful tool. As this report indicates, however, the malleable 

nature of human visual perception, memory, and confidence; the imperfect ability to recognize 

individuals; and policies governing law enforcement procedures can result in mistaken identifications 

with significant consequences. New law enforcement training protocols, standardized procedures for 

administering lineups, improvements in the handling of eyewitness identification in court, and better data 

collection and research on eyewitness identification, can improve the accuracy of eyewitness 

identifications.  
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1 

 

Introduction 

 
Accurate eyewitness identifications

1
 may aid in the apprehension and prosecution of the perpetrators 

of crimes. However, inaccurate identifications may lead to the prosecution of innocent persons while the 

guilty party goes free. It is therefore crucial to develop eyewitness identification procedures that achieve 

maximum accuracy and reliability.  

Eyewitness evidence is not infallible. In 1932, Yale University law professor Edwin M. Borchard 

documented nearly seventy cases of miscarriage of justice caused by eyewitness errors in his book, 

Convicting the Innocent.
2
 Years later, in 1967, the U.S. Supreme Court highlighted the danger of 

erroneous eyewitness identification in United States v. Wade, stating, “The vagaries of eyewitness 

identification are well-known; the annals of criminal law are rife with instances of mistaken 

identification.”
3
  

The Federal Bureau of Investigation (FBI) estimates that U.S. law enforcement made 12,196,959 

arrests in 2012. The FBI estimates that 521,196 of these arrests were for violent crimes.
4
 Accurate data on 

the number of crimes observed by eyewitnesses are not available. If only a fraction of the violent crimes 

in the United States involve an eyewitness, the number must be sizable. One estimate based on a 1989 

survey of prosecutors suggests that at least 80,000 eyewitnesses make identifications of suspects in 

criminal investigations each year.
5
  

Recently, post-conviction DNA exonerations
6,7

 of innocent persons have dramatically highlighted 

the problems with eyewitness identifications. In the United States, more than 300 exonerations have 

resulted from post-conviction DNA testing since 1989.
8
 According to the Innocence Project, at least one 

mistaken eyewitness identification was present in almost three-quarters of DNA exonerations.
9
 In many 

of these cases, eyewitness identification played a significant evidentiary role, and almost without 

exception, the eyewitnesses who testified expressed complete confidence that they had chosen the 

perpetrator. Many eyewitnesses testified with high confidence despite earlier expressions of uncertainty.
10

 

For example, in the well-known case of Ronald Cotton (see Box 1-1), Jennifer Thompson (the victim) has  

 

  

                                                      
1
Throughout this report, the term identification denotes person recognition. Eyewitness identification refers to e 

recognition by a witness to a crime of a culprit unknown to the witness. 
2
Edwin M. Borchard, Convicting the Innocent: Sixty-Five Actual Errors of Criminal Justice (New York: Garden 

City Publishing Company, Inc., 1932).   
3
United States v. Wade, 388 U.S. 230, 288 (1967). 

4
Federal Bureau of Investigation, “Crime in the United States 2012: Persons Arrested,” available at: 

http://www.fbi.gov/about-us/cjis/ucr/crime-in-the-u.s/2012/crime-in-the-u.s.-2012/persons-arrested/persons-arrested. 
5
A. G. Goldstein, J. E. Chance, and G. R. Schneller, “Frequency of Eyewitness Identification in Criminal Cases: 

A Survey of Prosecutors,” Bulletin of the Psychonomic Society 27(1): 71, 73 (January 1989). 
6
CNN, “Exonerated: Cases by the numbers,” December 4, 2013, available at: 

http://www.cnn.com/2013/12/04/justice/prisoner-exonerations-facts-innocence-project/. 
7
Taryn Simon, “Freedom Row,” New York Times Magazine, January 26, 2003.   

8
The Innocence Project, “DNA Exoneree Case Profiles,” available at: http://www.innocenceproject.org/know/. 

9
The Innocence Project, “Eyewitness Identification,” available at: 

http://www.innocenceproject.org/fix/Eyewitness-Identification.php 
10

Brandon L. Garrett, Convicting the Innocent: Where Criminal Prosecutions Go Wrong 63–68 (Cambridge, 

MA: Harvard University Press, 2011).   
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BOX 1-1 The Ronald Cotton Case
a
 

 

In 1984, a college student named Jennifer Thompson was raped in her apartment in Burlington, North 

Carolina. The police asked her to help create a composite sketch of the rapist.  The police then received a tip that a 

local man named Ronald Cotton resembled the composite, and shortly after the crime, Thompson was shown a 

photo array containing six photos.  With some difficulty, she chose two pictures, one of which was of Cotton.  

Finally, she said, “I think this is the guy,” pointing to Cotton. “You’re sure,” the lead detective asked, and she 

responded, “Positive.” Thompson asked, “Did I do OK?” The detectives responded, “You did great.” She has 

described how those encouraging remarks had the effect of making her more confident in her identification. 

The police then showed Thompson a live lineup. Cotton was the only person repeated from the prior photo 

array. This sequence would make Cotton more familiar and might suggest that he was the prime suspect.  

Nevertheless, Thompson remained hesitant and was having trouble deciding between two people.  After several 

minutes, she told the police that Cotton “looks the most like him.” The lead detective asked “if she was certain,” 

and she said, “Yes.” Again, the detectives further reinforced her decision. The lead detective told Thompson, “It’s 

the same person you picked from the photos.”  She later described feeling a “huge amount of relief” when told 

that she had again picked the right person. 

At Ronald Cotton's criminal trial, Thompson agreed she was “absolutely sure” that he was the rapist. Cotton 

was sentenced to life in prison plus fifty-four years. He served ten and a half years before DNA tests exonerated 

him and implicated another man, Bobby Poole.  Not only did the identification procedures increase her confidence 

in the mistaken memory event, they resulted in her rejection of the actual culprit.  Poole had been presented to 

Thompson at a post-trial hearing, and she could not recognize him. “I have never seen him in my life,” she said at 

the time.   

In response to this error, the lead detective in the case, Mike Gauldin, later as police chief, was the first in the 

state to institute a series of new practices, including double-blind lineup procedures. In the years that followed, 

North Carolina adopted such practices statewide.  Ronald Cotton and Jennifer Thompson have since written a 

book, “Picking Cotton,” that describes their case and experiences. 

 
a
See generally,  http://www.cbsnews.com/news/eyewitness-how-accurate-is-visual-memory/and http://www.slate.com/ 

articles/news_and_politics/jurisprudence/features/2011/getting_it_wrong_convicting_the_innocent/how_eyewitnesses_

can_send_innocents_to_jail.html. 

 

 

described how she was initially quite unsure of her eyewitness identification of Cotton, a man later 

exonerated by DNA testing. She became certain it was Cotton only after the police made confirmatory 

remarks and had her participate in two identification procedures where Cotton was the only person shown 

both times. 

Erroneous eyewitness identifications can occur across the range of criminal convictions in which 

eyewitness evidence is presented, but most of these cases lack the biological material that can be tested 

for DNA and used for exoneration purposes. While eyewitness misidentifications may have been a 

dominant factor in some erroneous convictions, it is important to note that other factors, including errors 

at various stages of the legal and judicial processes, may have contributed to the erroneous convictions. 

 

CHARGE TO THE COMMITTEE 
 

In 2013, the Laura and John Arnold Foundation called on the National Research Council (NRC) to 

assess the state of scientific research on eyewitness identification and to recommend best practices
11

 for 

handling eyewitness identifications by law enforcement and the courts. The goal of this effort was to 

                                                      
11

For the purposes of this report, the committee characterizes best practice as the adoption of standardized 

procedures based on scientific principles. The committee does not make any endorsement of practices designated as 

best practices by other bodies. 
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evaluate the scientific basis for eyewitness identification, to help establish the scientific foundation for 

effective real-world practices, and to facilitate the development of policies to improve eyewitness 

identification validity in the context of the American justice system. 

In response to this charge, the NRC appointed an ad hoc committee, the Committee on Scientific 

Approaches to Understanding and Maximizing the Validity and Reliability of Eyewitness Identification in 

Law Enforcement and the Courts (hereinafter, the committee), to undertake this study (see Box 1-2 for the 

committee’s charge). The committee met three times, held numerous conference calls, heard from various 

stakeholders (see Appendix B), and reviewed extensive research on eyewitness identification before 

reaching its findings and recommendations.  

 

SCIENCE AND LAW 

 

Law enforcement officers
12

 investigating crimes rely on eyewitness identification procedures to 

verify that a suspect is the individual seen by an eyewitness. Such procedures can take place under 

conditions that may have significant effects on the accuracy and reliability of an eyewitness’ 

identification. Unlike officers in the field, laboratory researchers have, in theory, greater control over 

influences that might contaminate the visual perceptual experience and memory of an eyewitness.  

Science is a self-correcting enterprise. Researchers formulate and test hypotheses using observations 

and experiments, which are then subject to independent review. In science, evidence and data are 

analyzed and experiments are repeated to ensure that biases or other factors do not lead to incorrect 

conclusions. Scientific progress results from the review and revision of earlier results and conclusions. 

The culture of scientific research is markedly different from a legal culture that must seek definitive 

results in individual cases. In 1993, in Daubert v. Merrell Dow Pharmaceuticals, Inc., the U.S. Supreme 

Court ruled that, under Rule 702 of the Federal Rules of Evidence (which covers both civil and criminal 

trials in the federal courts), a “trial judge must ensure that any and all scientific testimony or evidence 

admitted is not only relevant, but reliable.”
13

 
 

 

BOX 1-2 Charge to the Committee 

 

The charge to the NRC was to: 

 

1. critically assess the existing body of scientific research as it relates to eyewitness identification; 

2. identify any gaps in the existing body of literature and suggest, as appropriate, research questions to 

pursue that will further our understanding of eyewitness identification and that might offer additional 

insight into law enforcement and courtroom practice;  

3. provide an assessment of what can be learned from research fields outside of eyewitness identification; 

4. offer recommendations for best practices in the handling of eyewitness identifications by law 

enforcement;  

5. offer recommendations for developing jury instructions;  

6. offer advice regarding the scope of a Phase II consideration of neuroscience research as well as any other 

areas of research that might have a bearing on eyewitness identification; and  

7. write a consensus report with appropriate findings and recommendations. 

  

                                                      
12

For ease of reading, throughout the report the committee will use the term officer to mean law enforcement 

officials and professionals. 
13

Daubert v. Merrell Dow Pharmaceuticals, Inc., 509 U.S. 579 (1993). The Court also noted that “there are 

important differences between the quest for truth in the courtroom and the quest for truth in the laboratory. Scientific 

conclusions are subject to perpetual revision. Law, on the other hand, must resolve disputes finally and quickly.” 
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Criminal justice and legal personnel have come to rely on eyewitness evidence. Law enforcement 

officials have first-hand experience with eyewitnesses in criminal investigations and trials, and over the 

years, some juridictions have implemented and strengthened eyewitnesses practices and procedures in an 

attempt to improve acccuracy. Consequently, the law enforcement and legal communities have made 

important contributions to our understanding of eyewitness identifications and improvements to practices 

in the field. Researchers have become increasingly involved in assessing eyewitness identification 

procedures as law enforcement, lawyers, and judges have themselves sought more accurate procedures 

and approaches. In the 2009 National Research Council report, Strengthening Forensic Science in the 

United States: A Path Forward, the committee noted, “in addition to protecting innocent persons from 

being convicted of crimes that they did not commit, we are also seeking to protect society from persons 

who have committed criminal acts.”
14

 This shared common goal of protecting innocent persons and 

society makes collaboration between the scientific, law enforcement, and legal communities critically 

important to society.  

 

IDENTIFYING THE CULPRIT 

 

Officers typically use three procedures to identify a perpetrator whose identity is unknown: (1) 

showups; (2) presentations of photo arrays; and (3) live lineups. A showup is a procedure in which 

officers present a single criminal suspect to a witness. This procedure usually occurs near the crime 

location and immediately or shortly after the crime has occurred. Officers also use photo arrays and live 

lineups, in which they ask the witness to view numerous individuals, one of whom may be the 

perpetrator. The suspect is presented along with fillers (known non-suspects). Currently, photo arrays are 

used more often than live lineups.
15,16

 

If the eyewitness makes a positive identification during a showup, a photo array, or a lineup, the 

identification may constitute evidence about a suspect’s involvement in the crime. The eyewitness 

identification may, when considered with other available evidence, establish probable cause to support an 

arrest. Such evidence may play a pivotal role in enabling the prosecution to meet its burden of proof in a 

subsequent trial. 

In recent years, more law enforcement agencies have created written eyewitness identification 

policies and have adopted formalized training. However, there are many agencies that do not have 

standard written policies or formalized training for the administration of identification procedures or for 

ongoing interactions with witnesses.
17

  

 

VISION AND MEMORY 

 

At its core, eyewitness identification relies on brain systems for visual perception and memory: The 

witness perceives the face and other aspects of the perpetrator’s physical appearance and bearing, stores 

that information in memory, and later retrieves the information for comparison with the visual percept of 

 

                                                      
14

National Research Council, Strengthening Forensic Science in the United States: A Path Forward 

(Washington, D.C.: The National Academies Press, 2009), p. 12. 
15

Police Executive Research Forum, “A National Survey of Eyewitness Identification Procedures in Law 

Enforcement Agencies,” March 2013, p. 48.  The survey indicates that 94.1 percent of responding law enforcement 

agencies reported that they use photo arrays, while only 21.4 percent reported using live lineups. 61.8 percent of 

agencies reported that they use showups.  See also J. S. Neuschatz et al., “Comprehensive evaluation of showups,” 

in Advances in Psychology and Law, ed. M. Miller and B. Bornstein (New York: Springer, in press). 
16

Throughout the report, unless otherwise specified, references to lineups refer to both photo arrays and live 

lineups. 
17

Police Executive Research Forum, p.65. 
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an individual in a lineup. Recent years have seen great advances in our scientific understanding of the 

basic mechanisms, operational strategies, and limitations of human vision and memory. These advances 

inform our understanding of the accuracy of eyewitness identification.  

Human vision does not capture a perfect, error-free “trace” of a witnessed event. What an individual 

actually perceives can be heavily influenced by bias
18

 and expectations derived from cultural factors, 

behavioral goals, emotions, and prior experiences with the world. For eyewitness identification to take 

place, perceived information must be encoded in memory, stored, and subsequently retrieved. As time 

passes, memories become less stable. In addition, suggestion and the exposure to new information may 

influence and distort what the individual believes she or he has seen. 

Several factors are known to affect the fidelity of visual perception and the integrity of memory. In 

particular, vision and memory are constrained by processing bottlenecks and various sources of noise.
19

 

Noise comes from a variety of sources, some associated with the structure of the visual environment, 

some inherent to the optical and neuronal processes involved, some reflecting sensory content not 

relevant to the observer’s goals, and some originating with incorrect expectations derived from memory. 

The concept of noise has profound significance for understanding eyewitness identification, as it helps us 

realize that the accuracy of information about the environment gained through vision and stored in 

memory is necessarily, and often sharply, limited by noise.  

The recognition of one person by another—a seemingly commonplace and unremarkable everyday 

occurrence—involves complex processes that are limited by noise and subject to many extraneous 

influences. Eyewitness identification research confronts methodological challenges that some other basic 

experimental sciences do not encounter, as well as practical challenges in establishing adequate 

experimental controls over the numerous variables that affect visual perception and memory.  

 

APPLIED RESEARCH ON EYEWITNESS IDENTIFICATION:  

SYSTEM AND ESTIMATOR VARIABLES 

 

Our understanding of the underlying processes and limits of eyewitness identification, derived from 

basic research on vision and memory, is complemented by research directed specifically at the problem of 

eyewitness identification. The modern era of eyewitness identification research began in the 1970s. 

Today, eyewitness identification is generally viewed as a behavioral output. The accuracy and reliability 

of eyewitness identification are critically modulated by variables that include a witness’ extant cognition 

and memory and related psychological and situational factors at the time of the event, over the ensuing 

intervals, and at all stages of recall (see Figure 1-1). Because a crime is an unexpected event, one can 

draw a natural distinction between variables that reflect the witness’ unplanned situational or cognitive 

state at the time of the crime and the variables that reflect controllable conditions and internal states 

                                                      
18

Bias is defined as any tendency that prevents unprejudiced consideration of a question (see Dictionary.com; 

http://dictionary.reference.com/browse/bias). Response bias is a general term for a wide range of influences that 

moderate the responses of participants away from an accurate or truthful response. Response bias can be induced or 

caused by a number of factors, all relating to the idea that humans do not respond passively to stimuli, but rather 

actively integrate multiple sources of information to generate a response in a given situation [(see M. Orne,“On the 

social psychology of the psychological experiment: with particular reference to demand characteristics and their 

implications,” American Psychologist 17: 776–783, (1962)]. In research, bias is seen in sampling or testing when 

circumstances select or encourage one outcome or answer over another (see Merriam-Webster.com; 

http://www.merriam-webster.com/dictionary/bias). 
19

 “Noise” refers here to factors that cause uncertainty on the part of an individual about whether a particular 

signal (e.g. a specific visual stimulus) is present.  This use of the term follows the definition used in electronic signal 

transmission, in which noise refers to random or irrelevant elements that interfere with detection of coherent and 

informative signals. 
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following the witnessed events. Researchers categorize these factors, respectively, as estimator variables 

and system variables.
20 

System variables describe the characteristics of specific procedures and practices (e.g., the content 

and nature of instructions given to witnesses who are asked if they are able to make an identification). 

The criminal justice system can exert some control over system variables by following standardized 

procedures that are based on scientific knowledge and strengthened through education and training.  

One important category of system variables concerns the conditions and protocols for lineup 

identification. Under current law enforcement practice, eyewitness identification procedures involve 

having a witness view individuals or images of individuals. Research indicates that accuracy and 

reliability of eyewitness identifications may be influenced by the type of presentation (e.g., lineup) used, 

the likeness of non-suspect participants (lineup “fillers”) to the suspect, the number of fillers, and the 

suspect’s physical location in the presentation.
21,22

 Eyewitness performance may be affected by how the 

lineup images are presented—simultaneously (as a group) or sequentially (one at a time). System 

variables, such as the nature of the instructions and feedback provided before and after the identification 

procedure, may also affect the eyewitness’ identification. 

Estimator variables affect the accuracy of eyewitness identification, but they are beyond the control 

of the criminal justice system. Estimator variables tend to be associated with characteristics of the witness 

or factors that are operating either at the time of the criminal event (perhaps relating to memory encoding) 

or the retention interval (the time between witnessing an event and the identification process). Specific 

examples include the eyewitness’ level of stress or trauma at the time of the incident, the light level and 

nature of the visual conditions that affect visibility and the clarity of a perpetrator’s features, and the 

physical distance between the witness and the perpetrator. Both system and estimator variables will be 

discussed in detail in subsequent chapters. 

 
 

 

FIGURE 1-1 Memory Accuracy and Time  

SOURCE: Courtesy of Thomas D. Albright. 
  

                                                      
20

G. L. Wells, “Applied Eyewitness-Testimony Research: System Variables and Estimator Variables,” Journal 

of Personality and Social Psychology 36(12):1546–1557 (1978). 
21

N. K. Steblay et al., “Eyewitness Accuracy Rates in Police Showup and Lineup Presentations: A Meta-

Analytic Comparison,” Law and Human Behavior 27(5): 523–540 (October 2003). 
22

R. J. Fitzgerald et al., “The Effect of Suspect-Filler Similarity on Eyewitness Identification Decisions: A 

Meta-analysis,” Psychology, Public Policy, and Law 19(2): 151–164 (May 2013). 
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EFFORTS AT IMPROVEMENT 

 

In response to insights gained from research on erroneous convictions, there have been attempts to 

provide recommendations for improving the reliability and validity of eyewitness identifications. An 

effort of particular note is the National Institute of Justice’s (NIJ) Technical Working Group for 

Eyewitness Evidence (TWGEYEE). Called together by then-U.S. Attorney General Janet Reno in 1998, 

members of the working group were asked to develop and publish guidance for improving eyewitness 

identification procedures.
23

 The working group recognized the role that memory plays in the mistaken 

interpretation and remembrance of events and offered guidance based on the practical experiences of the 

law enforcement community and insights gained from behavioral and psychological research. The NIJ 

provided detailed instructions for each step of the eyewitness identification procedure to the 

approximately 18,000 state and local law enforcement agencies across the nation. After the report was 

issued, only a few states conducted evaluations and engaged in improvement efforts, including the 

implementation of new laws and the issuance of corrective guidelines and policies. Consequently, 

eyewitness identification policies remain fragmented by jurisdiction, except in a minority of states that 

have adopted state-wide policies. At present, the United States does not have a uniform national set of 

protocols.
24

 

 

JUDICIAL CONSIDERATION OF EYEWITNESS IDENTIFICATION EVIDENCE 

 

The U.S. Supreme Court’s 1977 ruling in Manson v. Brathwaite provides the current framework for 

judicial review of eyewitness identification under the Due Process Clause of the U.S. Constitution.
25

 The 

Manson v. Brathwaite test asks judges to evaluate the “reliability” of eyewitness identifications using 

factors derived from prior rulings and not from empirically validated sources. The Manson v. Brathwaite 

ruling was not based on much of the research conducted by scientists on visual perception, memory, and 

eyewitness identification, and it fails to include important advances that have strengthened standards for 

judicial review of eyewitness identification evidence at the state level.  

In 2011, the Justices of the Massachusetts Supreme Judicial Court convened the Study Group on 

Eyewitness Identification to “offer guidance as to how our courts can most effectively deter unnecessarily 

suggestive identification procedures and minimize the risk of a wrongful conviction.” The report made 

five recommendations to minimize inaccurate identifications: (1) acknowledge variables affecting 

identification accuracy; (2) develop a model policy and implement best practices for police departments; 

(3) expand use of pretrial hearings; (4) expand use of improved jury instructions; and (5) offer continuing 

education.
26

 

In 2011, the New Jersey Supreme Court issued a unanimous decision in State v. Larry R. 

Henderson. The opinion revised the legal framework for evaluating and admitting eyewitness 

identification evidence and directed that improved jury instructions be prepared to help jurors evaluate 

such evidence. Henderson drew on an extensive review of scientific evidence regarding human vision, 

memory, and the various factors that can affect the reliability of eyewitness identifications. In July of 

                                                      
23

U.S. Department of Justice, Office of Justice Programs, Eyewitness Evidence: A Guide for Law Enforcement 

(Washington, D.C.:, 1999). 
24

Police Executive Research Forum, p. 65. 
25

Manson v. Brathwaite, 432 U.S. 98, 114 (1977). 
26

Massachusetts Supreme Judicial Court Study Group on Eyewitness Identification, Report and 

Recommendations to the Justices, July 24, 2013, available at: http://www.mass.gov/courts/docs/sjc/docs/eyewitness-

evidence-report-2013.pdf. 
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2012, the court released expanded jury instructions, and revised court rules relating to eyewitness 

identifications in criminal cases.
27

 

In fall 2012, the Oregon Supreme Court also established a new procedure for evaluating whether 

eyewitness identifications could be used in court. In State v. Lawson, the Court reviewed eyewitness 

identification research conducted over the past thirty years, determined that the Manson v. Brathwaite test 

“does not accomplish its goal of ensuring that only sufficiently reliable identifications are admitted into 

evidence,” and offered a revised procedure that requires the court to make a determination of whether 

investigators used “suggestive” tactics to get an identification and the extent to which other information 

supports the identification.
28

 

Despite these improvements and judicial decisions, policies and practices across the country remain 

inconsistent. 

 

ORGANIZATION OF THE REPORT 

 

This report begins with a description of law enforcement protocols for eyewitness identification 

(Chapter 2). Chapter 3 presents the legal framework for eyewitness identification evidence. A discussion 

of the current scientific understanding of visual perception and memory follows in Chapter 4.  In Chapter 

5, the committee provides an analysis of eyewitness identification research. The report concludes with the 

committee’s findings and recommendations (Chapter 6). 

 

                                                      
27

New Jersey Judiciary, “Supreme Court Releases Eyewitness Identification Criteria for Criminal Cases,” July 

19, 2012, available at: http://www.judiciary.state.nj.us/pressrel/2012/pr120719a.htm. 
28

State v. Lawson, 352 Or. 724 (Or. 2012). 
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2 

 

Eyewitness Identification Procedures 

 
Police in the United States investigate millions of crimes each year.

1
 Only a small percentage of the 

police-investigated crimes involve the use of police-arranged identification procedures. Identification 

procedures are unnecessary when, for example, the perpetrator is caught during the commission of the 

criminal act, as in the crime of driving while intoxicated, or when the victim knows the perpetrator, as in 

crimes of domestic violence.
2
  

Police use identification procedures for numerous reasons. In some circumstances, the police 

identify a suspect during an investigation and use the identification procedure to test a witness’ ability to 

identify the suspect as the perpetrator. In other instances, the identification procedure is used as an 

investigative tool to further an investigation. A positive identification might form probable cause for a 

search warrant or the apprehension and subsequent questioning of a suspect, or both. Most significant for 

the purposes of this report are the circumstances in which a witness positively identifies the police suspect 

as the perpetrator, and the identification serves as compelling evidence in the prosecution of a case.   

Data on the number of eyewitness identification procedures are not systematically or uniformly 

collected. While the exact number of eyewitness identification procedures related to crimes involving 

strangers is unknown, mistaken identifications have disastrous effects for those wrongly accused of 

crimes and for society should a guilty person goes free. Mistaken identifications may also erode public 

confidence in the criminal justice system as a whole.
3
 Recently, some police departments and prosecutors 

have implemented stringent eyewitness identification procedures in an effort to reduce erroneous 

convictions.
4
  

Police-arranged eyewitness identification procedures vary greatly depending on the nature of the 

case. In some cases, a police-arranged identification is conducted at the very early stages of an 

investigation. For instance, consider the circumstance in which police respond to a bank robbery in 

progress. The perpetrator is described as a white male, approximately 6 feet, 2 inches in height wearing an 

orange shirt. As the police arrive at the crime scene, an officer observes and apprehends a man fleeing the 

bank wearing an orange shirt and exhibiting similar physical characteristics. In this situation, a police-

arranged identification procedure may be conducted on the scene and prior to any significant 

investigation. At the other extreme are, for example, lengthy homicide or rape cases that include extensive 

investigations, forensic testing, and eyewitness interviews conducted over a protracted period of time. 

Such efforts may culminate in the identification of a suspect and the suspect’s inclusion in a photo array 

identification procedure. In such a circumstance, an eyewitness may not be asked to identify a perpetrator 

                                                 
1
Federal Bureau of Investigation, “Crime in the United States 2012: Violent Crime,” available at: 

http://www.fbi.gov/about-us/cjis/ucr/crime-in-the-u.s/2012/crime-in-the-u.s.-2012/violent-crime/violent-crime. 
2
Throughout Chapter 2, the terms law enforcement and police are used interchangeably and refer to all law 

enforcement agencies at the local, state, and federal levels.  
3
See, generally, The International Association of Chiefs of Police, “National Summit on Wrongful Convictions: 

Building a Systemic Approach to Prevent Wrongful Convictions,” August 2013. 
4
See The Innocence Project, Eyewitness Identification, available at: 

http://www.innocenceproject.org/fix/Eyewitness-Identification.php; U.S. Department of Justice, Office of Justice 

Programs, Eyewitness Evidence: A Guide for Law Enforcement (Washington, D.C.:, 1999); Metropolitan Police – 

District of Columbia, General Order – Procedures for Obtaining Pretrial Eyewitness Identification, April 18, 2013; 

New York State District Attorneys Association Best Practice Committee, New York State Photo Identification 

Guidelines, October 2010; Rhode Island Police Chiefs Association, “Lineup and Showup Procedures (Eyewitness 

Identification), November 2011; and Innocence Project of Texas, Eyewitness Identification Reform, available at: 

http://www.ipoftexas.org/eyewitness-id. 
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until months after the commission of the crime—and often after repeated probes of their memory by, for 

example, police, family members, and others.  

Identification procedures may be used in different ways for different purposes. They are not always 

used to identify an unknown perpetrator of a crime. The police may, for example, use photo arrays and 

confirmatory single photographs to clarify the legal identity (birth name/government name) of an 

individual who is well known to a witness, but only by a street name. In such examples, a witness may 

know (and may have known) the perpetrator for years but may only be able to identify him by a common 

street name, like “Prince.” The police typically will use an identification procedure to identify to which 

“Prince” the witness is referring before they make an arrest or take other investigative measures such as 

the execution of a search warrant.  

This chapter reviews the eyewitness identification procedures commonly used by the police and 

concludes with a brief discussion of situations in which citizens engage in identifying perpetrators 

without police assistance. 

 

PHOTOGRAPHIC ARRAY 

 

The photo array is the most common police-arranged identification procedure used in the United 

States.
5
 A photo array consists of six to nine photographs displayed to a witness. An officer might create 

an array by selecting photographs of persons deemed to resemble the perpetrator.
6
 Officers might then 

display the photographs one at a time to the witness and ask whether she or he recognizes each one. This 

method is known as a sequential procedure. Officers might also create photo arrays by cutting six square 

holes in a folder and taping the photographs to the back of the folder so that the faces of the fillers (non-

suspects) and suspect are displayed together. When such photographs are presented simultaneously as a 

two by three matrix, this type of array is referred to as a “six pack.” When, as in this instance, 

photographs are displayed together, this is referred to as a simultaneous procedure.  

In 1999, Attorney General Janet Reno released the U.S. Department of Justice Eyewitness Evidence: 

A Guide for Law Enforcement,
7
 one of the earliest efforts to establish standardized procedures for police-

arranged eyewitness identification. The guide set forth rigorous criteria and basic procedures to promote 

accuracy in eyewitness evidence.
8
 However, after the guide was released most police departments in the 

United States did not adopt these procedures.  

Today, many police departments use computer systems to access image databases and assemble 

photo arrays. Officers enter physical characteristics (e.g., race, gender, hair color) specific to the suspect 

into a computer, and the system retrieves filler photographs with the desired attributes. If an officer 

determines that a photograph in the array is suggestive or otherwise inappropriate, she or he can reject one 

or more fillers and instruct the system to provide alternate photographs. Departments may conduct the 

procedure without revealing to the witness how many photographs she or he will view.  

In recent decades, many police agencies and prosecutors have adopted sequential presentation of 

photographs, based on the belief that this approach improves the performance of an eyewitness. 

Currently, however, there is no consensus among law enforcement professionals as to whether the 

sequential presentation procedure is superior to the simultaneous procedure (see Chapter 5). The District 

of Columbia Metropolitan Police Department, for example, does not endorse either simultaneous or 

sequential procedures in its Procedures for Obtaining Pretrial Eyewitness Identification.
9
 The District 

                                                 
5
Police Executive Research Forum, p. 48.  

6
Historically, the photographs were mug shots in the possession of a police department. 

7
See generally, U.S. Department of Justice, Office of Justice Programs, Eyewitness Evidence: A Guide for Law 

Enforcement (Washington, D.C.: 1999). 
8
See U.S. Department of Justice, Office of Justice Programs, Eyewitness Evidence: A Guide for Law 

Enforcement, p. 2. 
9
See Metropolitan Police – District of Columbia, General Order – Procedures for Obtaining Pretrial 

Eyewitness Identification, April 18, 2013.  
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Attorneys Association of the State of New York in 2010 adopted recommended policies for New York 

State and endorsed the simultaneous method.
10

 On the other hand, in North Carolina, legislation was 

passed that requires that lineup photographs be presented sequentially,
11

 and in Massachusetts, the 

Supreme Judicial Court Study Group on Eyewitness Identification recommended sequential procedures as 

best practice for Massachusetts Police Departments.
12

.  

The committee was presented with information regarding improvement efforts from states including 

New Jersey, Oregon, Rhode Island, Texas, New York and Massachusetts. However, the committee is 

unable to determine the percentage of police departments that have adopted policies for eyewitness 

identification procedures and instituted training in these procedures.
13

 Some police departments require 

that photo arrays be presented to the witness during a procedure that is either “double blind” or 

“blinded.”
14

 (See Box 2-1 for a discussion of blinding as used in scientific practice and blinding as used in 

an eyewitness identification procedures.) Blinding is used to prevent conscious and unconscious cues 

from being given to the witness. In a double-blinding procedure, an individual who does not know the 

identity of the suspect or the suspect’s position in the photo array shows a photo array to the eyewitness. 

In cases where such a double-blind procedure is not feasible, a “blinded” procedure will approximate the 

condition of double-blinding. For example, the photo array may be administered by an individual who 

knows who the suspect is, but is unable to tell when the witness is looking at the suspect’s photo and so is 

unable to provide even subconscious feedback to the witness. In one common “blinded” procedure, the 

officer places each photo in a separate envelope or folder and then shuffles the envelopes/folders so only 

the witness sees the images therein. Additional recommendations to minimize the possibility of biasing 

feedback to the witness include requiring that the officer read instructions to the witness from a pre-

printed form.
15

  

If the witness identifies someone from the photo array, some departments ask the witness for a 

confidence statement. Based on information presented to the committee, it would appear that police 

departments do not always document identification procedures in instances when an identification is not 

made. Further, if a witness does make an identification, practices differ as to how such information is 

documented and preserved. Some agencies, for example, require officers to document this information in 

a written report. Others make audio or video recordings of the identification procedure.  

 

LIVE LINEUP 

 

A live lineup is a police-arranged identification procedure in which the physical suspect and 

fillers/foils stand or sit in front of the witness (either individually, i.e., sequentially or en masse, i.e., 

simultaneously). The police generally use at least five fillers. Fillers are selected for their physical 

similarities to the suspect (gender, race, hair length and color, facial hair, height, skin tone, and other 

distinguishing features). The fillers are presumed to be unknown to the witness. Traditionally, the suspect 

                                                 
10

See New York State District Attorneys Association Best Practice Committee, New York State Photo 

Identification Guidelines, October 2010. 
11

N.C. Gen. Stat. § 15A-284.52 (West 2007). 
12

Massachusetts Supreme Judicial Court Study Group on Eyewitness Identification, Report and 

Recommendations to the Justices, July 24, 2013, available at: http://www.mass.gov/courts/docs/sjc/docs/eyewitness-

evidence-report-2013.pdf. 
13

The Police Executive Research Forum’s 2013 survey of eyewitness identification procedures in law 

enforcement agencies [Police Executive Research Forum, A National Survey of Eyewitness Identification 

Procedures in Law Enforcement Agencies, (2013)], notes that most agencies that completed the survey have no 

written policy for eyewitness identification procedures and that more agencies provide training to their employees 

than have written policies. See pp. 79–80. 
14

Police Executive Research Forum, p. 64. 
15

As discussed in Chapter 3, the courts have been sensitive to the potential for misidentification resulting from 

“suggestive” identification procedures, and have set standards for admissibility of evidence. 
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and fillers are seated or standing in a row and the witness views the lineup from behind a two-way mirror. 

Police use both simultaneous and sequential procedures for live lineups.  

 

 

BOX 2-1 Blinding 

 

Empirical evidence
a
 has shown that the beliefs, desires and expectations of researchers can influence, often 

subconsciously, how they observe and interpret the phenomena they study and thus the outcomes of experiments. 

This evidence has influenced how scientists carry out their experiments, resulting in the use of blind or double-

blind procedures to control for this form of bias. Blind assessment
b
 has been used since the late 18

th
 century; an 

early medical trial in 1835 used double-blind assessment, and psychologists started using it in the 20
th

 century.
c
 

By the 1950s, blind assessment in randomized controlled trials was considered standard procedure in both 

psychological and medical research. Currently, virtually all of science uses some form of blinding.  

In single-blind experiments, participants do not know which treatment they are receiving; this form of 

blinding is used widely across scientific fields. In experiments involving humans, as in medical or psychological 

research, double-blind procedures are used to guard against “expectancy effects” for both participants and 

researchers. In a classic double-blind clinical trial, some patients will receive active medication and others are 

given an alternative (either a “standard treatment” or a similar-looking placebo without the active ingredients), but 

neither researchers nor participants know who is receiving which treatment.  

In an eyewitness identification setting, double-blinding can be used to prevent a lineup administrator from 

either intentionally or unintentionally influencing a witness. In these cases, neither the eyewitness nor the 

administrator knows which persons in a photo array or live lineup are the suspected culprits and which are the 

“fillers.” 
d, e

 In eyewitness identification procedures, as in science, the purpose of double-blinding is to prevent the 

conscious or subconscious expectations of the administrator from influencing the witness or research outcomes. 

In a double-blind photo array, the officer or detective conducting the investigation reads a set of standard 

instructions to the witness. The instructions may include an advisory that the officer about to show the photos 

does not know whether any of the photos are of the person who committed the crime. The officer then leaves the 

room and a second officer—perhaps a patrol officer—displays the photos. It is the duty of this second officer (the 

“blind administrator”) to show the photos and, if an identification is made, document what the witness said and 

ask the witness how certain she or he is of their identification. Once all photos have been shown, the officer 

reports the result of the procedure to the investigating officer (preferably out of earshot from the witness). 

As an alternative to a “double-blind” array, some departments use “blinded” procedures. A blinded procedure 

prevents an officer from knowing when the witness is viewing a photo of the suspect, but can be conducted by the 

investigating officer. A common approach is the so-called “folder shuffle.” With a six-photo array, an officer uses 

eight manila folders. A photograph of a filler is placed in the top folder and a photograph of the suspect and four 

additional fillers are placed in the next five folders. The six folders are then shuffled so that the officer does not 

know which folder contains the image of the suspect. Two folders with blank paper are placed on the bottom of 

the stack so that the witness is led to believe that there are more than five images in the array (this is referred to as 

back-loading, and it prevents the witness from knowing when she or he is about to view the last photograph). The 

five folders are placed on top of the two folders without images, and the folder containing the image of the known 

filler is placed on top of the stack. After reading instructions to the witness, the administering officer sits to the 

witness’ left and hands him or her one folder at a time and instructs him/her to open each folder and look at the 

enclosed photo. The cover of the folder blocks the officer from viewing the photo that the witness is viewing. 

When an identification occurs, the officer notes the witness’ words and reaction and asks about the witness’ 

confidence in his/her identification. 

 
a
R. Rosenthal, Experimenter Effects in Behavioral Research (New York: John Wiley, 1976). 

b
M. Stolberg, “Inventing the randomized double-blind trial: The Nürnberg salt test of 1835,” James Lind Library 

Bulletin (2006), available at: http://www.jameslindlibrary.org/illustrating/articles/inventing-the-randomized- 

double-blind-trial-the-nurnberg-salt. 
c
T. J. Kaptchuk, ntentional ignorance: A history of blind assessment and placebo controls in medicine.” Bulletin of the 

History of Medicine 72 (3): 389–433 (1998). 
d
P. Kilmartin, Presentation to the committee, February 6, 2014. 

e
K. Hamann, Presentation to the committee, December 2, 2013. 

  

http://muse.jhu.edu/journals/bulletin_of_the_history_of_medicine/v072/72.3kaptchuk.html#authbio
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Live lineups are used in some jurisdictions, but they are not the predominant method used by law 

enforcement.
16

 The use of these police identification procedures is limited for a variety of reasons. First, 

in certain circumstances, legal counsel may be required at a lineup, thereby making it less attractive to 

police and prosecutors. Second, in smaller jurisdictions, it is difficult to obtain suitable fillers (e.g., those 

with appropriate physical similarities to the suspect). Third, conducting a lineup requires a significant 

amount of time and labor, thereby making photo arrays a more attractive alternative that may be 

undertaken promptly and with less demand on department resources.
17

  

 

SHOWUP 
 

A showup is a police-arranged identification procedure in which the police show one person to a 

witness and ask if she or he recognizes that person. This procedure typically is used when the police 

locate the suspect shortly after the commission of the crime and within close proximity to the scene.  

Case law limits the time and distance from a crime during which such a procedure will pass legal 

standards. In response to such case law, police typically restrict showups to a two-hour time period after 

the commission of a crime. Ideally, officials take the witness to the location where the suspect has been 

detained and do not display the suspect in a suggestive manner (e.g., not in a police car, not handcuffed, 

without drawn weapons). However, as chases, fights, or disarmaments frequently precede showups, the 

apprehension of a suspect can raise safety issues that make it difficult to adhere to recommended 

procedures. Further, the nature of a showup does not lend itself to the use of a blinded procedure. A 

showup is used to promptly clear innocent suspects, thereby sparing them from a prolonged period of 

detention as the investigation continues. Delaying the showup to locate an uninvolved officer may defeat 

that purpose. While some law enforcement agencies use a standard procedure with written instructions 

when conducting a showup, there is no indication that such procedures are used uniformly. Courts 

consider showups highly suggestive, and prosecutors urge the police to exercise caution when conducting 

them. 

 

CONFIRMATORY PHOTOGRAPH 
 

Police will, on occasion, display a single photograph to a witness in an effort to confirm the identity 

of a perpetrator. Police typically limit this method to situations in which the perpetrator is previously 

known to or acquainted with the witness. 

 

FIELD VIEW 
 

The police also use field views in attempts to identify perpetrators. The method, which involves 

inviting a witness to view many people in a context where the perpetrator is thought likely to appear, is 

used when the police do not have a suspect but believe that the offender frequents a particular location. 

For example, police investigating a purse snatching may obtain information that the perpetrator frequents 

a particular recreation site during the lunch hour. A plainclothes officer or investigator might take the 

eyewitness to the site and walk around with him or her during the lunch hour without directing his or her 

attention to any specific individual.  

 

OTHER PROCEDURES – MUG BOOKS AND YEARBOOKS 
 

At times, police use other means to identify perpetrators. In the past, police sometimes had 

witnesses review mug shot books. Mug books have since been largely replaced by digitized images 

                                                 
16

Police Executive Research Forum, p. 48. 
17

Live lineup construction may be further constrained by the inability to hold a suspect in custody without 

probable cause.  See Chapter 3. 
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displayed on computer screens. Nonetheless, there are situations in which the police will have a witness 
review a large collection of photographs in an effort to identify a perpetrator. Witnesses who identify a 
perpetrator as being a student at a specific school might be asked to review a yearbook for that school in 
an effort to identify the perpetrator. When using this method, police typically attempt to mask the names 
of the students. Similarly, if the offender is believed to be an individual from a certain profession, the 
police might have the witness review photographs from the suspect’s professional society. Social media 
sites also serve as the catalyst for novel police-arranged identification procedures. If a witness knows that 
the perpetrator is a “friend” of Jane Doe through social media, the police might have the witness review 
all friends of Jane Doe to see if she or he recognizes the individual.  

All of these additional procedures (confirmatory photo, field view, mug books, yearbooks) have the 
potential to introduce biases of the sort that blind lineup procedures are designed to avoid. 

 
NON-POLICE IDENTIFICATION PROCEDURES 

 
In some cases, the victims or witnesses, or both, identify suspects without involving the police. A 

private citizen, organization, or corporation may conduct its own investigation before, during, or even 
after reporting a crime to the police. The identification of suspects by entities other than law enforcement 
has become increasingly common as more businesses and private citizens use security cameras to identify 
criminal actors. High-resolution cameras coupled with high capacity hard drives allow for real-time 
streaming of video with superior clarity. Such systems are relatively inexpensive and within financial 
reach of many home and business owners. Additionally, the proliferation of smart phones puts the ability 
to create a spontaneous, high quality video record of an event into the hands of more and more people.  

The rise of social media has resulted in the rise of private investigations and identifications using 
this resource. In one recent case,18 a stabbing victim drew a picture of her assailant and showed it to her 
husband. Upon viewing the picture, the husband believed that the assailant looked familiar and might be 
his ex-girlfriend. He obtained several pictures of the ex-girlfriend from her personal website and showed 
them to the victim who, after looking at those and other photographs online, identified the suspect at a 
lineup and at trial.  

 
CONCLUSION 

 
Many local, state, and federal law enforcement agencies have adopted policies and practices to 

address the issue of misidentification. However, efforts are not uniform or systemic.19 Many agencies are 
unfamiliar with the science that has emerged during the past few decades of research on eyewitness 
identifications. Questions remain about the optimal design of photo array procedures, including the size of 
the array, the contents of the photographs, and their relationship to the context of the crime scene. Similar 
questions apply to the design of live lineups.20 Eyewitness identification is further complicated by the 
increasing number of situations in which victims and witnesses seek to identify the perpetrator of a crime 
without the aid of law enforcement. Such identifications raise new concerns about reliability and accuracy 
of the identification of individuals. Inconsistent and nonstandard practices might easily add noise to the 
eyewitness identification process, contaminate the witness, and bias the outcome of an identification 
procedure. 

                                                 
18New Jersey v. Chen, 27 A.3d 930 (N.J. 2011). 
19See Massachusetts Supreme Judicial Court Study Group on Eyewitness Evidence, Report and 

Recommendations to the Justices, July 25, 2013, p. 2. 
20The design of a live lineup is subject to more practical constraints than a photo array. 
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3 

 

The Legal Framework for Assessment of  

Eyewitness Identification Evidence 

 
The admissibility of eyewitness testimony at a criminal trial may be challenged on the basis of 

procedures used by law enforcement officials in obtaining the eyewitness identification. The U.S. 

Supreme Court, in its 1977 ruling in Manson v. Brathwaite, set out the modern test under the Due Process 

Clause of the U.S. Constitution that regulates the fairness and the reliability of eyewitness identification 

evidence.
1
 The Court also specified five reliability factors, discussed below, that a judge must consider 

when deciding whether to exclude the identification evidence at trial.
2
 

Although the constitutional standards for assessing eyewitness testimony have remained unchanged 

in the decades since the Manson v. Brathwaite decision, a body of research has shed light on the extent to 

which each of the five reliability factors supports a reliable eyewitness identification. Research has cast 

doubt, for instance, on the belief that the apparent certainty displayed in the courtroom by an eyewitness 

is an indicator of an accurate identification, and has found that a number of factors may enhance the 

certainty of the eyewitness.  

Recently state courts and lower federal courts have taken the lead in developing standards relating to 

the admissibility of expert evidence, jury instructions, and judicial notice of scientific evidence. Some 

states have adopted more stringent standards for regulating eyewitness identification evidence than the 

U.S. Constitution requires, either by legislative statutes or by state court decisions, and have modified or 

entirely supplanted the Manson v. Brathwaite test to take account of advances in the growing body of 

scientific research. This chapter describes the changes in the legal standards for eyewitness identification 

and explores the relationship between the state of the scientific research and the law regulating procedures 

and evidence.  

 

EYEWITNESS EVIDENCE AND DUE PROCESS UNDER THE U.S. CONSTITUTION 

 

Beginning with rulings in 1967, the U.S. Supreme Court set out a standard under the Due Process 

Clause of the Fourteenth Amendment for reviewing eyewitness identification evidence.
3
 In Manson v. 

Brathwaite, the Court emphasized that “reliability is the linchpin in determining the admissibility of 

identification testimony.”
4
 First, the Court instructed judges to examine whether the identification 

procedures were unnecessarily suggestive. Second, to assess whether an identification is reliable, judges 

were instructed to examine the following five factors: (1) the opportunity of the witness to view the 

criminal at the time of the crime; (2) the witness’ degree of attention; (3) the accuracy of the witness’ 

prior description of the criminal; (4) the level of certainty demonstrated at the confrontation; and (5) the 

                                                 
1
Manson v. Brathwaite, 432 U.S. 98, 113–114 (1977). 

2
Manson v. Brathwaite at 114. 

3
In Stovall v. Denno, 388 U.S. 293, 302 (1967), the U.S. Supreme Court first set out a due process rule asking 

whether identification procedures used were “so unnecessarily suggestive and conducive to irreparable mistaken 

identification.” The Court elaborated that rule in decisions such as Simmons v. U.S., 390 U.S. 377, 384 (1968) and 

Foster v. California, 394 U.S. 440, 442 (1969), and then adopted an approach setting out “reliability” considerations 

in Neil v. Biggers, 409 U.S. 188 (1972).  For a description of the development of this doctrine, see, e.g., B. L. 

Garrett, “Eyewitnesses and Exclusion,” Vanderbilt Law Review 65 (2): 451, 463–67 (2012). 
4
Brathwaite, 423 U.S. at 114.  
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time between the crime and the identification procedure.
5
 The five factors were drawn from earlier 

judicial rulings and not from scientific research.
6
 

Eyewitness identification evidence continues to be litigated primarily under the flexible two-part 

Manson v. Brathwaite Due Process test.
7
 It is important to note, however, that the vast majority of 

criminal cases are settled through plea bargaining. The role that evidence type and strength play in plea 

bargaining is complex and necessarily difficult to study. Because eyewitness identification evidence may 

never be tested at trial, it is doubly important for lawyers and judges to understand the credibility of the 

proffered evidence.
8
  

In the most recent U.S. Supreme Court ruling addressing a challenge to an eyewitness identification 

(Perry v. New Hampshire),
9
 the Court ruled that a due process analysis was not triggered. In that case, 

while the police were obtaining a description of the suspect, the eyewitness looked out of the apartment 

window and recognized the suspect standing outside. The police had not intended to conduct an 

identification procedure. In those circumstances, the Court ruled that the Due Process Clause does not 

require a preliminary judicial review of the reliability of an eyewitness identification.
10

 

  

                                                 
5
Id. at 114.  

6
Id. at 114. Justice Thurgood Marshall dissented, noting studies indicated that unnecessarily suggestive 

eyewitness identifications had resulted in “repeated miscarriages of justice resulting from juries’ willingness to 

credit inaccurate eyewitness testimony.” 432 U.S. at 125–27 (Marshall, J., dissenting). 
7
Due process is the most important constitutional right that arises in challenges to eyewitness identification, but 

rights under the Fourth and Sixth Amendments also may be implicated. The Fourth Amendment protects individuals 

“against unreasonable searches and seizures,” and the probable cause typically required to seize and arrest a suspect 

may arise from an eyewitness identification. U.S. Const. Amend. IV. The few lower courts to address the question 

are divided on whether probable cause is needed to place individuals in a live lineup procedure.  Biehunik v. 

Felicetta, 441 F.2d 228, 230 (2d Cir. 1971); but see, e.g., Wise v. Murphy, 275 A.2d 205, 212–15 (D.C. 1971); State 

v. Hall, 461 A.2d 1155 (N.J. 1983).  In contrast, probable cause is not required to place a person’s photograph in an 

array, since doing so does not involve a seizure.  However, courts may also rule that an illegal stop or seizure 

renders a subsequent identification inadmissible, absent an “independent” source for the courtroom identification.  

U.S. v. Crews, 445 U.S. 463, 473 (1980).   

In addition, the Sixth Amendment provides that in all criminal prosecutions, the accused has the right “to have 

the assistance of counsel for his defense.”  In United States v. Wade, the Supreme Court held that, once indicted, a 

person has a right to have a lawyer present at a lineup, reasoning that the right to counsel applies at all “critical” 

stages of the criminal process.  388 U.S. 218, 235–37 (1967).  However, the Court subsequently held that a photo 

array procedure, of the type now most commonly used by police agencies, does not implicate the Wade right to 

counsel. U.S. v. Ash, 413 U.S. 300, 321 (1973). 
8
As the current report demonstrates, a comparative consideration of evidence value is particularly important in 

the case of eyewitness identification evidence. Similar consideration should be given when other adjudication 

mechanisms are used (e.g., bench trials).    
9
Perry v. New Hampshire, 132 S. Ct. 716, 718 (2012). In that case, the eyewitness happened to look out her 

window and see the suspect standing at the crime scene where the police had told him to wait. The Court held that 

the Due Process Clause did not regulate such a situation, since the police did not intend to conduct an identification 

procedure. Id. at 729. The Court indicated that the reliability of the evidence could be addressed by federal and state 

evidentiary standards, and added: “In appropriate cases, some States also permit defendants to present expert 

testimony on the hazards of eyewitness identification evidence.”  Id. 
10

Justice Sotomayor dissented, arguing, “Our due process concern. . . arises not from the act of suggestion, but 

rather from the corrosive effects of suggestion on the reliability of the resulting identification,” and the manner in 

which “[a]t trial, an eyewitness’ artificially inflated confidence in an identification’s accuracy complicates the jury’s 

task of assessing witness credibility and reliability.” Perry, 132 S. Ct. at 731–32 (Sotomayor, J., dissenting). Justice 

Sotomayor also emphasized: “A vast body of scientific literature has reinforced every concern our precedents 

articulated nearly a half-century ago.” Id. at 738. 



Copyright © National Academy of Sciences. All rights reserved.

Identifying the Culprit:  Assessing Eyewitness Identification

PREPUBLICATON COPY – UNEDITED PROOFS 

23 

STATE LAW REGULATION OF EYEWITNESS EVIDENCE 

 

State Supreme Court Standards 

 

Several state supreme courts have altered or supplemented the federal Manson v. Brathwaite due 

process rule to focus more on the effects of suggestion, to emphasize certain factors in specific 

circumstances,
11

 or to focus on showup identifications in particular.
12

 New Jersey and Oregon have now 

supplemented the Manson v. Brathwaite test with separate state law standards regulating eyewitness 

identification evidence.  

In 2011, the New Jersey Supreme Court issued a unanimous decision in State v. Larry R. 

Henderson
13

 that revised the legal framework for admitting eyewitness identification evidence and 

directed that revised jury instructions be prepared to help jurors evaluate such evidence. The new 

framework was based on the record of hearings before a Special Master that considered an extensive 

review of scientific research regarding eyewitness identifications.
14

 The legal framework established by 

the Henderson opinion relies on pretrial hearings to review eyewitness evidence and more comprehensive 

jury instructions at trial.
15

 To obtain a pretrial hearing, a defendant must show some evidence of 

suggestiveness related to either estimator or system variables that could lead to mistaken identification.
16

 

At the pretrial hearing, the State must offer proof that the eyewitness identification is reliable. However, 

the ultimate burden of proving a “very substantial likelihood of irreparable misidentification” is on the 

defendant.
17

  

In July 2012, the New Jersey Supreme Court released an expanded set of jury instructions and 

related rules that govern the use of suggestive identifications.
18

 The jury instructions state that, “[r]esearch 

has shown that there are risks of making mistaken identifications” and noted that eyewitness evidence 

                                                 
11

See State v. Ramirez, 817 P.2d 774, 780–81 (Utah 1991) (altering three of the reliability factors to focus on 

effects of suggestion); State v. Marquez, 967 A.2d 56, 69–71 (Conn. 2009) (adopting criteria for assessing 

suggestion); Brodes v. State, 614 S.E.2d 766, 771 & n.8 (Ga. 2005) (rejecting eyewitness certainty jury instruction); 

State v. Hunt, 69 P.3d 571, 576 (Kan. 2003) (adopting Utah’s five factor “refinement” of the Biggers factors); State 

v. Cromedy, 727 A.2d 457, 467 (N.J. 1999) (requiring, when applicable, instruction on cross-racial 

misidentifications). 
12

See, e.g., State v. Dubose, 285 Wis.2d 143, 166 (Wis. 2005); Commonwealth v. Johnson, 650 N.E.2d 1257, 

1261 (Mass. 1995); People v. Adams, 423 N.E.2d 379, 383–84 (N.Y. 1981). 
13

State v. Henderson, 27 A.3d 872 (N.J. 2011).  The Henderson opinion described criticisms of the Manson v. 

Brathwaite test, including that suggestion may itself affect the seeming “reliability” of the identification. Id. at 877–

78.  For examples of scholarly criticism of the Manson v. Brathwaite test in light of scientific research, see, e.g., G. 

L. Wells and D. S. Quinlivan, “Suggestive Eyewitness Identification Procedures and the Supreme Court’s 

Reliability Test in Light of Eyewitness Science: 30 Years Later,” Law and Human Behavior 33 (1): 1, 16 (February 

2009); T. P. O’Toole and G. Shay, “Manson v. Brathwaite Revisited: Towards a New Rule of Decision for Due 

Process Challenges to Eyewitness Identification Procedures,” Valparaiso University Law Review 41 (1): 109 (2006). 
14

See Report of the Special Master at 16–17, State v. Henderson, No. A-8-08 (N.J. June 18, 2011) (available at: 

http://www.judiciary.state.nj.us/pressrel/HENDERSON%20FINAL%20BRIEF%20.PDF%20(00621142.pdf). 
15

In the companion case, State v. Chen, 27 A.3d 930, 932 (N.J. 2011), the New Jersey Supreme Court took an 

approach that departed from that of the U.S. Supreme Court in Perry, ruling that the defendant may be entitled to a 

hearing in a case in which the eyewitness identified the defendant using social media, not a police-orchestrated 

identification procedure. 
16

Henderson, 27 A.3d. at 878. 
17

Id.  
18

New Jersey Criminal Model Jury Instructions, Identification (July 19, 2012), available at: 

http://www.judiciary.state.nj.us/pressrel/2012/jury_instruction.pdf; New Jersey Court Rule 3:11, Record of an Out-

of-Court Identification Procedure (July 19, 2012), available at:  

http://www.judiciary.state.nj.us/pressrel/2012/new_rule.pdf, New Jersey Court Rule 3:13-3, Discovery and 

Inspection (July 19, 2012), available at: http://www.judiciary.state.nj.us/pressrel/2012/rev_rule.pdf. 
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“must be scrutinized carefully.”
19

 Human memory involves three stages—encoding, storage, and retrieval. 

At “each of these stages, memory can be affected by a variety of factors.”
20

 The Court identified a set of 

factors that jurors should consider when deciding whether eyewitness identification evidence is reliable, 

including estimator variables (stress, duration, weapon focus, distance, lighting, intoxication, disguises or 

changed appearance of the perpetrator, time since the incident, and cross-racial effects) and system 

variables (lineup composition, fillers, use of multiple viewings, presence of feedback, use of double-blind 

procedures, and use of showup identifications). The instructions also noted the possible influence of 

outside opinions, descriptions or identifications by other witnesses, and photographs or media accounts.
21

 

In 2012, in Oregon v. Lawson, the Oregon Supreme Court established a new procedure for 

evaluating the admissibility of eyewitness identifications. In a unanimous decision, the Court found 

“serious questions” about the reliability of eyewitness identification,
22

 citing research conducted over the 

past thirty years. The Court determined that the Manson v. Brathwaite two-step process for weighing 

eyewitness identification “does not accomplish its goal of ensuring that only sufficiently reliable 

identifications are admitted into evidence,” because it relies on an eyewitness’ self-reports to determine 

whether the threshold level of suggestiveness is reached, rendering the identification unreliable.
23

 The 

Court set forth a process that requires the trial court to examine whether investigators used “suggestive” 

identification procedures and whether other factors, such as estimator variables, may have affected the 

reliability of the identification.
24

 The Court ruled that “intermediate remedies,” including the use of expert 

testimony, should be available even if the trial judge concludes that the identification is admissible. The 

Court also briefly noted that judges might use “case-specific jury instructions.”
25

  

Other states continue to explore possible changes to the judicial review of eyewitness identification 

evidence. In 2013, the Massachusetts Supreme Judicial Court Study Group on Eyewitness Identification 

offered guidance on the adjudication of eyewitness identification evidence.
26

 The report adopted 

Lawson’s approach of taking judicial notice of “certain scientifically-established facts about eyewitness 

identification.”
27

 The report recommended that trial judges conduct pretrial hearings to determine whether 

suggestive identification procedures were used, and if so, whether these procedures impaired the 

reliability of identification evidence. Pretrial hearings would consider the effects of both estimator 

variables (relating to viewing at the crime scene) and system variables (relating to the lineup or showup 

procedures) on the identification. The report also recommended that the state adopt a set of recommended 

practices for conducting identification procedures, create new model jury instructions on eyewitness 

identifications, and set limitations on the admissibility of certainty statements and in-court 

identifications.
28

 

  

                                                 
19

See New Jersey Criminal Model Jury Instructions, Identification, supra, at 2. 
20

Id.  
21

Id. at 9.  
22

State v. Lawson, 352 Ore. 724 (Or. 2012). 
23

Id. at 746–48. 
24

Id. at 747–48, 755–56. 
25

Id. at 759, 763. 
26

See Massachusetts Supreme Judicial Court Study Group on Eyewitness Evidence, Report and 

Recommendations to the Justices. 
27

Id. at 48. 
28

Id. at 28. In the courtroom, the eyewitness can easily see where the defendant is sitting. Thus, in-court 

identifications do not reliably test an eyewitness’ memory. Nevertheless, courts have shown great tolerance of in-

court identifications, deeming them based on “independent” memory, and even following suggestive out-of-court 

procedures. Garrett, Eyewitnesses and Exclusion, supra. For example, the New York Court of Appeals ruled that 

“[e]xcluding evidence of a suggestive showup does not deprive the prosecutor of reliable evidence of guilt. The 

witness would still be permitted to identify the defendant in court if that identification is based on an independent 

source.” People v. Adams, 423 N.E.2d 379, 384 (N.Y. 1981). 
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State Statutes Regulating Identification Procedures 

 

Judicial rulings regulating admissibility of eyewitness evidence in the courtroom do not specify the 

identification procedures to be used by law enforcement officials. However, fourteen states have adopted 

legislation regarding eyewitness identification procedures. Of the fourteen, eleven states (Connecticut, 

Illinois, Maryland, North Carolina, Ohio, Texas, Virginia, West Virginia, Wisconsin, Utah, and Vermont) 

have enacted statutes directly requiring that law enforcement officials adopt written procedures for 

eyewitness identifications and regulating the particular procedures to be used.
29

 Three more states 

(Georgia, Nevada, and Rhode Island) have passed statutes recommending further study, tasking a group 

with developing best practices, or requiring some form of written policy.
30

  

State statutes typically assert that a trial judge may consider the failure to follow the prescribed 

procedures as a factor in assessing admissibility and informing the jury. The statutes rarely require that a 

trial judge exclude such identification evidence from consideration by the jury. However, some of the 

more detailed statutes, such as those in Ohio, North Carolina, and West Virginia, require that law 

enforcement officials use particular practices (e.g., eyewitness instructions, a blind administrator). Other 

statutes require adherence to model policies or guidelines. Utah requires that lineup procedures be 

recorded. Some jurisdictions and departments also have voluntarily adopted guidelines or policies 

regulating eyewitness identifications.
31

 Several state courts have issued rulings regulating lineup practices 

(e.g., New Jersey’s Supreme Court has required documentation of identification procedures).
32

 

 

AIDING JURORS IN ASSESSMENT OF EYEWITNESS TESTIMONY 

 

Expert Witness Testimony Regarding Eyewitness Identification 

 

The standards for assessing the admissibility of testimony by expert witnesses have undergone great 

changes in the past two decades. Before 1993, the Frye test allowed scientific expert testimony in federal 

courts if it met the standard of “general acceptance” in the relevant scientific community.
33

 In 1993, the 

Supreme Court, in Daubert v. Merrell Dow Pharmaceuticals, Inc.,
34

 ruled that, under Federal Rule of 

Evidence 702, a “trial judge must ensure that any and all scientific testimony or evidence admitted is not 

only relevant, but reliable.”
35

 Judges determine reliability by assessing the scientific foundation of the 

expert’s testimony prior to trial, so that “evidentiary reliability will be based upon scientific validity.”
36

 

Many states have adopted Daubert, and many of those that have not formally adopted Daubert have 

revised their Frye test to adopt much of the Daubert standard. In turn, Federal Rule of Evidence 702 has 

                                                 
29

See Conn. Gen. Stat. § 54-1p (West 2012); 725 Ill. Comp. Stat. § 5/107A-5 (West 2003); Md. Code Ann., 

Pub. Safety § 3-506 (West 2007); N.C. Gen. Stat. § 15A-284.52 (West 2007); Ohio Rev. Code Ann. § 2933.83 

(West 2010); Tex. Code Crim. Proc. Ann. art. 38.20 (West 2011); Utah Code Ann. §77-8-4 (West 1980); Va. Code 

Ann. §19.2-390.02 (West 2005); Va Code Ann. § 9.1-102.54; 13 V.S.A. § 5581; W. Va. Code Ann. § 62-1E-1 (West 

2013); Wis. Stat. § 175.50 (West 2005). 
30

GA. H.R. 352, 149th Gen. Assem., Reg. Sess. (April 20, 2007); Nev. Rev. Stat. § 171.1237 (West 2011); R.I. 

Gen. Laws § 12-1-16 (West 2012); 2010 Leg. Reg. Sess. (Vt. 2010).  
31

See, e.g., John J. Farmer, Jr., Attorney General of the State of New Jersey, “Letter to All County Prosecutors: 

Attorney General Guidelines for Preparing and Conducting Photo and Live Lineup Identification Procedures” (April 

18, 2001), available at: http://www.state.nj.us/lps/dcj/agguide/photoid.pdf; CALEA Standards for Law Enforcement 

Agencies: 42.2.11 Lineups, available at: http://www.calea.org/content/standards-titles; International Association of 

Chiefs of Police, Model Policy: Eyewitness Identification (2010). 
32

State v. Delgado, 188 N.J. 48, 63–64, 902 A.2d 888 (2006). 
33

Frye v. United States, 54 App. D.C. 46, 293 F. 1013 (1923). 
34

509 U.S. 579 (1993). 
35

Id. at 589. 
36

Id. at 590 n.9. 
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been revised to incorporate the holding in Daubert.
37

 Federal and state courts remain divided on whether 

expert testimony on eyewitness identifications is admissible under Daubert or Frye, and on the proper 

exercise of trial court discretion when deciding whether to admit such expert testimony. Appellate rulings 

emphasize that a trial judge should use discretion when deciding whether proffered expert evidence 

satisfies the Daubert or Frye standards. An increasing number of rulings emphasize the value of 

presenting expert testimony regarding eyewitness identification. Some courts have held that it can be an 

abuse of discretion for a trial judge to bar the defense from admitting such testimony.
38

 Detailed 

descriptions of the relevant scientific research findings accompany such decisions.
39

 There also are many 

federal and state courts that continue to follow the traditional approach, emphasizing that credibility of 

eyewitnesses is a matter within the “province of the jury” and insisting that information regarding valid 

scientific research in this area will not assist the jury in its task.
40

  

The trend is toward greater acceptance of expert testimony regarding the factors that may affect 

eyewitness identification. In a 2012 decision, the Connecticut Supreme Court disavowed earlier rulings 

restricting expert testimony and stated that such rulings are now “out of step with the widespread judicial 

recognition that eyewitness identifications are potentially unreliable in a variety of ways unknown to the 

average juror.”
41

 Similarly, the Pennsylvania Supreme Court recently held that expert testimony on 

eyewitness identifications was no longer per se inadmissible, emphasizing that “courts in 44 states and 

the District of Columbia have permitted such testimony at the discretion of the trial judge,” and that “all 

federal circuits that have considered the issue, with the possible exception of the 11th Circuit, have 

embraced this approach.”
42

 As the Seventh Circuit Court of Appeals recently explained: 

 

It will not do to reply that jurors know from their daily lives that memory is fallible. The question 

that social science can address is how fallible, and thus how deeply any given identification 

should be discounted. That jurors have beliefs about this does not make expert evidence 

irrelevant; to the contrary, it may make such evidence vital, for if jurors’ beliefs are mistaken then 

they may reach incorrect conclusions. Expert evidence can help jurors evaluate whether their 

beliefs about the reliability of eyewitness testimony are correct.
43

    

                                                 
37

Fed. R. Evid. 702. Rule 702 now provides:   

A witness who is qualified as an expert by knowledge, skill, experience, training, or education may testify in the 

form of an opinion or otherwise if: (a) the expert’s scientific, technical, or other specialized knowledge will help the 

trier of fact to understand the evidence or to determine a fact in issue; (b) the testimony is based on sufficient facts 

or data; (c) the testimony is the product of reliable principles and methods; and 

(d) the expert has reliably applied the principles and methods to the facts of the case. 
38

See, e.g., Tillman v. State, 354 S.W.3d 425, 441 (Tex. Crim. App. 2011); People v. LeGrand, 835 N.Y.S.2d 

523, 524 (2007); State v. Clopten, 223 P.3d 1103, 1117 (Utah 2009); U.S. v. Smithers, 212 F.3d 306, 311–14 (6th 

Cir.2000). 
39

See, e.g., State v. Copeland, 226 S.W.3d 287, 299-300 (Tenn.2007); Tillman, 354 S.W.3d at 441; Clopten, 223 

P.3d at 1108. 
40

For scholarly examination of this case law, see, e.g., “The Province of the Jurist: Judicial Resistance to Expert 

Testimony on Eyewitnesses as Institutional Rivalry,” Harvard Law Review 126 (8): 2381 (2013); R. Simmons, 

“Conquering the Province of the Jury: Expert Testimony and the Professionalization of Fact-Finding,” University of 

Cincinnati Law Review 74: 1013 (2006); G. Vallas, “A Survey of Federal and State Standards for the Admission of 

Expert Testimony on the Reliability of Eyewitnesses,” American Journal of Criminal Law 39 (1): 97 (2011). 
41

State v. Guilbert, 306 Conn. 218, 234 (Conn. 2012). Prior to that decision, the Connecticut Supreme Court had 

long ruled that “the reliability of eyewitness identification is within the knowledge of jurors and expert testimony 

generally would not assist them in determining the question” (State v. Kemp, supra, 199 Conn. at 473, 477), and that 

factors affecting eyewitness memory are “nothing outside the common experience of mankind” (State v. 

McClendon, supra, 248 Conn. at 572, 586).   
42

Com. v. Walker, 2014 WL 2208139 *13 (Pa. 2014) (collecting authorities).  
43

U.S. v. Bartless, 567 F.3d 901, 906 (7th Cir. 2009).  Other federal courts have found it a proper exercise of 

discretion to exclude expert testimony on eyewitness identifications. See, e.g., United States v. Lumpkin, 192 F.3d 

280, 289 (2d Cir. 1999).  Most federal courts treat the subject as one of considerable trial discretion; see, e.g. United 
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Courts also have allowed expert witnesses to testify about particular issues concerning eyewitness 

identifications, such as cross-race effects, stress, weapons focus, suggestive lineup procedures, and the 

like.
44

 Rarely have experts conducted eyewitness identification research related to the specific case before 

the court. However, in one such case, in which an experiment was conducted with the actual photo array 

used in the case, the federal courts found expert testimony admissible where it was directed not just to 

general research, but to the question of whether suggestive procedures affected the identification in that 

case.
45

  

Expert witnesses who explain the complications of eyewitness identification can be expensive. Most 

criminal defendants are indigent and cannot afford such assistance.
46

 In Ake v. Oklahoma, the Supreme 

Court held that an indigent defendant has a constitutional due process right to assistance by an expert 

witness only if that expert assistance is so crucial to the defense (or such a “significant factor”) that its 

denial would deprive the defendant of a fundamentally fair trial.
47

 In federal courts, funding for expert 

witnesses is available, and requests by indigent defendants are common.
48

 In state courts, such assistance 

is uncommon, especially in state courts that rarely find denial of expert assistance on eyewitness matters 

to be a due process violation.  

Expert testimony on eyewitness memory and identifications has many advantages over jury 

instructions as a method to explain relevant scientific framework evidence to the jury: (1) Expert 

witnesses can explain scientific research in a more flexible manner, by presenting only the relevant 

research to the jury; (2) Expert witnesses are familiar with the research and can describe it in detail; (3) 

Expert witnesses can convey the state of the research at the time of the trial; (4) Expert witnesses can be 

cross-examined by the other side; and (5) Expert witnesses can more clearly describe the limitations of 

the research. The benefits of expert testimony are offset somewhat by the expense. In addition, conflicting 

testimony by opposing experts may lead to confusion among the jurors. Trial judges have discretion to 

determine whether the potential benefits of expert testimony outweigh the cost. 

 

Jury Instructions Regarding Eyewitness Identification 

 

Some courts restricting expert testimony have found jury instructions regarding the fallible nature of 

eyewitness identifications to be an acceptable substitute for expert testimony.
49

 At the conclusion of a 

criminal trial, the trial judge can instruct jurors on the factors that may result in an erroneous 

identification while also offering instructions on the legal principles jurors must apply when assessing the 

factual record. Such instructions may be given when the witness testifies. Judges tend to rely on model or 

pattern instructions, because any departure from these standard instructions may be a ground for appellate 

reversal.  

  

                                                                                                                                                             
States v. Rodriguez-Berrios, 573 F.3d 55, 71–72 (1st Cir. 2006). For a survey of federal decisions, see Lauren 

Tallent, Note, Through the Lens of Federal Evidence Rule 403: An Examination of Eyewitness Identification Expert 

Testimony Admissibility in the Federal Circuit Courts, Washington & Lee Law Review 68 (2): 765 (2011); see also 

Walker, 2014 2208139 *13. 
44

See, e.g., Loftus, Doyle & Dysart at § 14-8[a]-[b] p.408 n. 41–42, 410, n. 53 (5th Edition, 2013) (collecting 

cases). 
45

Newsome v. McCabe, 319 F.3d 301 (7th Cir.2003). 
46

See, e.g., Bureau of Justice Statistics, “Indigent Defense,” available at: 

http://www.bjs.gov/index.cfm?ty=pbdetail&iid=995. 
47

470 U.S. 68, 82–83 (1985).  Even if an indigent defendant receives funding to retain an expert, the judge may 

ultimately decide that the expert testimony is not admissible at trial. 
48

18 U.S.C. § 3006A(e)(1). 
49

See, e.g., U.S. v. Jones, 689 F.3d 12, 20 (1st Cir. 2012) (“The judge was fully entitled to conclude that this 

general information could be more reliably and efficiently conveyed by instructions rather than through dueling 

experts.”). 
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The New Jersey Supreme Court viewed jury instructions as preferable to expert testimony.
50

 The 

New Jersey instructions adopted, following the Henderson decision, are by far the most detailed set of 

jury instructions regarding eyewitness identification evidence. Traditionally, instructions regarding 

eyewitness identifications have been brief, and remind the jurors to consider the following: (1) the 

credibility of an eyewitness is like that of any other witness, and (2) any eyewitness identification is part 

of the prosecutor’s burden of proof in a criminal case.
51

 Many state courts have held that, although 

general jury instructions regarding credibility and the burden of proof are appropriate, more specific 

instructions on eyewitness identifications are considered an inappropriate judicial comment on the 

evidence.
52

 Following the U.S. Supreme Court’s decision in Manson v. Brathwaite, some state courts 

supplemented their jury instructions by including the five reliability factors named by the Supreme 

Court.
53

 

In 1972, in U.S. v. Telfaire, the D.C. Circuit Court of Appeals adopted a set of influential model jury 

instructions to be used in appropriate federal cases involving eyewitness identifications.
54

 The instructions 

emphasized the following: 

 

You must consider the credibility of each identification witness in the same way as any other 

witness, consider whether he is truthful, and consider whether he had the capacity and opportunity to 

make a reliable observation on the matter covered in his testimony.
55

 

 

The Telfaire instructions departed from the brief traditional instruction by adding that the jury 

should consider factors related to the initial sighting, including “how long or short a time was available, 

how far or close the witness was, how good were lighting conditions, [and] whether the witness had had 

occasion to see or know the person in the past.” The decision also noted that an identification is more 

reliable if the witness is able to pick the defendant out of a group, rather than at a showup, and that the 

jury should consider the length of time between the crime and the identification.
56

 

Some states have adopted cautionary instructions on specific issues related to eyewitness 

identification evidence. In State v. Ledbetter, the Connecticut Supreme Court ordered lower courts to use 

a special instruction in cases in which law enforcement failed to instruct the eyewitness that the 

perpetrator may or may not be present in a lineup.
57

 The Georgia Supreme Court concluded in 2005 that 

                                                 
50

The New Jersey Supreme Court indicated: “Jury charges offer a number of advantages: they are focused and 

concise, authoritative (in that juries hear them from the trial judge, not a witness called by one side), and cost-free; 

they avoid possible confusion to jurors created by dueling experts; and they eliminate the risk of an expert invading 

the jury’s role or opining on an eyewitness’ credibility.” Henderson, 27 A.3d at 925. 
51

New Jersey courts used such instructions a decade before Henderson.  See, e.g., State v. Robinson, 165 N.J. 

32, 46–47 (N.J. 2000). Some states have also approved instructions informing the jury that there may be an 

“independent source” for an in-court identification. See, e.g. State v. Cannon, 713 P.2d 273, 281 (Ariz. 1985). 
52

Brodes v. State, 279 Ga. 435, 439 & n.6 (Ga. 2005) (surveying state caselaw).   
53

State v. Tatum, 219 Conn. 721 (1991). 
54

U.S. v. Telfaire, 469 F.2d 552, 558 (D.C. Cir. 1972).  Some federal courts follow that approach, while others 

adopt a “flexible approach.” See, e.g., United States v. Luis, 835 F.2d 37, 41 (2d Cir.1987).  Some more recent 

federal model instructions include added detail, reflecting variables such as stress and cross-race identifications.  

See, e.g., Third Circuit Model Criminal Jury Instructions, 4.15 (Jan. 2014), at 

http://www.ca3.uscourts.gov/sites/ca3/files/2013%20Chapter%204%20final%20revised.pdf. 
55

U.S. v. Telfaire, 469 F.2d at 559. 
56

Id. at 558. 
57

State v. Ledbetter, 275 Conn. 534, 579–80 (2005) (The instruction reads, in part, “the individual conducting 

the procedure either indicated to the witness that a suspect was present in the procedure or failed to warn the witness 

that the perpetrator may or may not be in the procedure. Psychological studies have shown that indicating to a 

witness that a suspect is present in an identification procedure or failing to warn the witness that the perpetrator may 

or may not be in the procedure increases the likelihood that the witness will select one of the individuals in the 

procedure, even when the perpetrator is not present. Thus, such behavior on the part of the procedure administrator 

tends to increase the probability of a misidentification.”). 
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one particular use of the Manson v. Brathwaite factors must no longer be permitted: “we can no longer 

endorse an instruction authorizing jurors to consider the witness’ certainty in his/her identification as a 

factor to be used in deciding the reliability of that identification.”
58

 Other courts have done the same.
59

 In 

1999, the New Jersey Supreme Court ruled in State v. Cromedy that instructions on cross-racial 

identifications are required in certain cases.
60

 

Expert testimony on eyewitness memory and identifications appears to have many advantages when 

used as a method to explain relevant scientific framework evidence to the jury. However, when expert 

testimony is not available to the defense, jury instructions may be a preferable alternative means to inform 

the jury of the findings of scientific research in this area. Brief instructions may not, however, provide 

sufficient guidance to explain the relevant scientific evidence to the jury, but lengthy instructions may be 

cumbersome and complex.  

More research is warranted to better understand how best to communicate to jurors the factors that 

may affect the validity of eyewitness testimony and support a more sensitive discrimination of the 

strengths and weaknesses of eyewitness testimony in individual cases. Indeed, research findings on the 

effectiveness of jury instructions on assessment of eyewitness identification evidence have been mixed. In 

general, such studies find that jury instructions cause jurors to become more suspicious of all eyewitness 

identification evidence.
61

 A recent study of the effect of the New Jersey jury instructions used in 

Henderson found that the instructions reduced juror reliance on both strong and weak eyewitness 

identification evidence.
62

 Among the few studies finding that jury instructions succeed in increasing 

jurors’ sensitivity to the strength of such evidence
63

 are those that study the effect of jury instructions 

presented before the eyewitness testimony rather than at the end of the case before deliberation. Such 

studies also have examined instructions that use visual aids rather than rely on a judge’s recitation of 

written instructions.
64

 In addition, research studies might explore the use of videotape as an alternative 

way to present such information
65

 and the effects of moving jury instructions to precede the introduction 

of the testimony by the eyewitness. 

 

  

                                                 
58

Brodes, 279 Ga. at 442. 
59

See supra; see, e.g., Commonwealth v. Payne, 426 Mass. 692 (1998); State v. Romero, 191 N.J. 59 (2007). 
60

State v. Cromedy, 158 N.J.112 (1999); see also Innocence Project, Know the Cases: McKinley Cromedy, at 

http://www.innocenceproject.org/Content/McKinley_Cromedy.php. 
61

For a review of this research, see K. A. Martire and R. I. Kemp, “The Impact of Eyewitness Expert Evidence 

and Judicial Instruction on Juror Ability to Evaluate Eyewitness Testimony,” Law and Human Behavior 33:225–36, 

226 (reviewing studies of jury instructions on eyewitness identification and concluding that increased skepticism 

and confusion is a common result); see also J. L. Devenport, C. D. Kimbrough, and B. L. Cutler, “Effectiveness of 

traditional safeguards against erroneous conviction arising from mistaken eyewitness identification,” in Expert 

testimony on the psychology of eyewitness identification, ed. B. L. Cutler (New York: Oxford University Press, 

2009), 51–68 (summarizing research studying the Telfair jury instruction and concluding that “cautionary jury 

instructions may be an ineffective safeguard against erroneous convictions resulting from mistaken eyewitness 

identifications.”). 
62

A. P. Papailiou, D. V. Yokum, C. T. Robertson, “The Novel New Jersey Eyewitness Instruction Induces 

Skepticism But Not Sensitivity,” August 2014, available at: 

http://papers.ssrn.com/sol3/papers.cfm?abstract_id=2475217. 
63

See, e.g., N. B. Pawlenko, M. A. Safer, R. A. Wise, and B. Holfeld, “A Teaching Aid for Improving Jurors’ 

Assessments of Eyewitness Accuracy,” Applied Cognitive Psychology 27(2): 190–97. Other studies are reviewed in 

Martire and Kemp, supra note 105 at 226.    
64

Pawlenko et al., supra note 107. 
65

For an example of videotaped instructions, see Federal Judicial Center, The Patent Process: An Overview for 

Jurors, available at: http://www.youtube.com/watch?v=ax7QHQTbKQE. 
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CONCLUSION 

 

The Manson v. Brathwaite test under the Due Process Clause of the U.S. Constitution set out the 

modern test that regulates the fairness and the reliability of eyewitness identification evidence. The test 

evaluates the “reliability” of eyewitness identifications using factors derived from prior rulings and not 

from empirically validated sources. It includes factors that are not diagnostic of reliability and treats 

factors such as the confidence of a witness as independent markers of reliability when, in fact, it is now 

well established that confidence judgments may vary over time and can be powerfully swayed by many 

factors. The best guidance for legal regulation of eyewitness identification evidence comes not, however, 

from constitutional rulings, but from the careful use and understanding of scientific evidence to guide 

fact-finders and decision-makers.  
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4 

 

Basic Research on Vision and Memory 

 
Accurate eyewitness identification requires that a witness to a crime correctly sense, perceive, and 

remember objects and events that occurred and recall them later. The veracity of the witness’ 

identification thus depends on the limits of sensation, perception, and memory. Recent scientific studies 

have yielded great advances in our understanding of how vision and memory work. This chapter provides 

a brief overview of current knowledge, identifies areas in which vision and memory are imperfect, and 

describes implications for the accuracy of eyewitness identification. These implications, in turn, have 

guided much of the applied research on this topic (see Chapter 5) and provide a general framework for the 

recommendations made herein (see Chapter 6). 

 

VISION AND MEMORY IN CONTEXT 

 

We begin this chapter by offering a concrete example to place the body of basic scientific research 

on vision and memory in context and so as to better communicate its relevance to eyewitness 

identification. In the sections that follow the example, we dissect the different functional steps of the 

sequence (highlighted in italics) in some detail, with special reference to its limitations and the ways in 

which it may fail to deliver accurate eyewitness identification. 

 

While returning home late, you hear a muffled scream from around the street corner. Seconds later, 

you come face-to-face with a man turning the corner and moving swiftly past you. Instantaneously, 

properties of the scene are conveyed to you through patterns of light cast on the backs of your eyes 

and sensed by photoreceptors in your retina. Only a fraction of the information sensed is selected for 

further processing; in this case you focus your attention on certain features of the man’s face. Those 

features are integrated and interpreted to yield a coherent percept of the man. As you round the 

corner, you perceive, through an identical process, the victim slumped lifelessly against the wall. 

You quickly grasp the meaning of these perceptual experiences and they immediately elicit both 

cognitive and visceral components (e.g., increased heart rate) of fear and anxiety. Your percepts are 

initially encoded in short-term working memory, where content is limited and labile. Your elevated 

level of arousal may cause interference and some loss of content, but with time and recognition of 

the importance of the experience, your percepts are consolidated into long-term memory. Long-term 

memories are maintained in storage but subject to ongoing updates and modifications resulting from 

new experiences and perhaps distortions caused by sustained levels of stress. All of these processes 

of perception and memory take place while you experience strong emotions which greatly influence 

what you see and remember. 

 

At a later date, you are asked to look at a police lineup that includes a suspect apprehended near the 

crime scene. Visual features of the men in the lineup are sensed, selectively attended, and perceived, 

using the same visual processes engaged on the night in question. Some of these features—the high 

brow and sharp cheekbones of one man in the lineup—elicit retrieval of memories of your visual 

experiences on the night of the crime. The simultaneously perceived and retrieved experiences are 

implicitly compared, leading to a cycle of greater visual scrutiny of the man in front of you and 

retrieval of additional details of the original percept. The context of the lineup procedure, the sight 

of the man, and the retrieved memories trigger latent emotions and anxiety, which may interfere 

with your comparison of percept and memory. Eventually, the comparison reaches your internal 
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criterion for identification: You decide, with an implicit level of certainty, that your current visual 

percept and the percept from the night of the crime were caused by the same external source (the 

man now in front of you), and you assert that you have identified the person you witnessed at the 

crime scene. 

 

VISION 

 

Functional Processes of Vision 

 

To understand the contributions and limitations of vision to eyewitness identification, it is useful to 

consider the workings of three functional stages of visual processing—sensation, attention, and 

perception—bearing in mind that they comprise highly interdependent elements of a continuous 

operation. Sensation is the initial process of detecting light and extracting basic image features. 

Sensations themselves are evanescent, and only a small fraction of what is sensed is actually perceived. 

Attention is the process by which information sensed by the visual system is selected for further 

processing. Perception is the process by which attended visual information is integrated, linked to 

environmental cause, made coherent, and categorized through the assignment of meaning, utility, value, 

and emotional valence. In addition, memories and emotions resulting from prior experiences with the 

world can influence all stages of visual processing and thus define a thread that weaves throughout the 

following discussions. 

All of the functional processes of vision are beset by sources of noise, which affects the quality and 

types of information accessible from the visual environment, and bears heavily on the validity of 

eyewitness identification. Before considering the processes of sensation, attention, and perception in 

greater detail, we first introduce the concept of noise in visual processing and ways of interpreting its 

impact on visual experience. 

 

The Fundamental Role of Noise 

 

Vision is usefully understood as the process of detecting informative signals about the external 

world and using those signals to recognize objects, make decisions, and guide behavior. As with any 

signal detection, there are occasionally factors present that lead to uncertainty on the part of the observer 

about whether a particular signal is present. These factors are generically termed noise, following the 

definition used in electronic signal transmission, in which noise refers to random or irrelevant elements 

that interfere with detection of coherent and informative signals. In vision, noise comes from a variety of 

sources, some associated with the structure of the visual environment (e.g., occluding surfaces, glare, 

shadows), some inherent to the optical and neuronal processes involved (e.g., scattering of light in the 

eye), some reflecting sensory content not relevant to the observer’s goals (e.g., a distracting sign or a loud 

noise), and some originating with incorrect expectations derived from memory. Consider, for example, 

the seemingly simple problem of detecting a green light while waiting at a traffic signal. In this case, your 

ability to “see” the green light may be compromised by glare or dust on your windshield, by poor visual 

acuity, by your eyes having been aimed instead at the driver of the adjacent car, by the presence of other 

(irrelevant) colored lights in your field of view (e.g., a traffic signal at a different intersection or the lights 

of a nearby restaurant), or by a cell phone conversation or the news on the car radio. The significance of 

this view for eyewitness identification is profound, as it helps us to realize that the accuracy of 

information about the environment—the face of a criminal, for example—gained through vision is 

necessarily, and often sharply, limited by noise.
1
  

                                                      
1
W. S. Geisler, “Sequential ideal-observer analysis of visual discriminations,” Psychological Review 96 (2): 

267–314 (1989). 
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The fact that vision is noise-limited suggests a familiar statistical framework—signal detection 

theory—for assessing and understanding the effects of noise on visual perception and recognition ability.
2
 

Signal detection theory has long been successfully applied to analogous problems in electronic signal 

reception.
3
 To illustrate these principles as applied to sensory processing, consider the problem of 

detecting the vibrating cell phone in your pocket. Anyone who has operated a cell phone in vibrate mode 

will be familiar with two types of signal detection errors: (1) the occasional sense that the phone is 

vibrating in your pocket, only to discover that it is not, and, conversely, (2) the phone call that is 

sometimes missed because you attribute the vibration to some other cause. Signal, in this example, is a 

subtle tactile stimulus resulting from an incoming phone call. Noise, in this example, is all of the other 

things in your environment that may also lead to subtle tactile stimulation, such as vibration of your car 

seat, a shift of the keys in your pocket, or the touch of another person.  

Signal detection theory posits that there are three main factors that determine whether a signal will 

be detected: (1) the distribution of stimuli (e.g., the variety of stimulus magnitudes) that reflect noise only, 

(2) the distribution of stimuli that reflect signal, and (3) the observer’s criterion for “deciding” that a 

specific stimulus resulted from noise sources or signal. An important factor for the fidelity of signal 

detection is the degree to which noise and signal distributions overlap with one another. In the case of the 

vibrating cell phone, if the distributions of tactile stimuli resulting from noise and signal overlap, as is 

often the case, then there will always be some cases in which you believe the phone is vibrating when it is 

not (noise stimuli attributed to signal source), and there will be some cases in which the phone is vibrating 

and you miss the call (signal stimuli attributed to noise source). 

The third factor that influences signal detection in the presence of noise is the observer’s decision 

criterion, which is simply the value (e.g., stimulus amplitude) above which a stimulus is attributed to 

signal, and below which a stimulus is attributed to noise. In the same sense that your car radio is 

programmed to “decide” (and allow you to hear) when informative patterns of electromagnetic radiation 

(signal) are sufficiently different from random fluctuations (noise), an observer adopts a criterion for 

deciding whether a stimulus is caused by a signal or is simply a manifestation of noise. This criterion 

reflects the level of precision acceptable for the observer’s needs, given uncertainty about whether a given 

stimulus reflects a real signal.   

In practice, the criterion
4
 used is determined by a host of factors unique to the circumstances, 

including psychological and social demands and behavioral goals. These factors collectively determine 

the relative “costs” of incorrect attributions of signal as noise (“misses”) and of noise as signal (“false 

alarms”).  

If an individual places high value on not missing a phone call, then she or he will adopt a very 

liberal criterion, in which all stimuli reflecting real incoming calls (signal) are successfully detected, but 

many noise stimuli (e.g., shifting keys in pocket) are erroneously (and frustratingly) believed to be 

incoming calls. By contrast, if an individual places little value on detecting incoming phone calls, she or 

he will adopt a conservative criterion, in which many calls are missed and noise stimuli rarely elicit an 

effort to answer the phone, which may be of value to the individual who wishes to avoid distraction. 

The example of the signal detection logic used for the vibrating cell phone applies similarly to all 

aspects of visual perceptual experience, including the conditions of witnessing criminal events. The 

uncertainty about visual events caused by manifold sources of noise will inevitably lead to inaccurate 

visual perceptual experiences, which result from conditions in which an observer fails to detect a critically 

informative stimulus as “real” (attributing the stimulus instead to a source of noise), or confidently 

perceives a noise stimulus to have originated from an informative source. The latter instance is 

problematic because it increases the likelihood that observers will unwittingly “construct,” on the basis of 

                                                      
2
D. M. Green and J. A. Swets, Signal Detection Theory and Psychophysics (New York: Wiley,1966). 

3
W. W. Peterson, T. G. Birdsall, and W. C. Fox, “The theory of signal detectability,” Proceedings of the IRE 

Professional Group on Information Theory 4 (4): 171–212 (1954). 
4
The criterion is sometimes referred to as bias. 
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expectations derived from memory and situational context, perceptual experiences to account for noise 

erroneously interpreted as signal.  

What follows from this consideration of uncertainty and decision criteria for visual perception is that 

the actual impact of factors that limit the amount of visual information available to an eyewitness (factors 

considered in more detail below) will depend on the criterion adopted. The criterion may reflect the 

values and prejudices of the eyewitness, his or her motivational and emotional state, and a variety of 

behavioral goals. In principle, the observer’s criterion can be altered by instruction or incentives, but it is 

important to note that the criterion held by an observer witnessing a crime scene cannot be anticipated, 

nor can it be altered after the fact. It is an “estimator variable,” which simply needs to be recognized and 

understood when evaluating eyewitness reports. By contrast, the decision criterion held by an observer at 

the time of identification can be controlled, and there may be valid reasons for doing so (see Chapter 5).
5
 

In the following discussions of sensation, attention, and perception, we address the various means 

and conditions under which many different types of noise introduce uncertainty in visual signal detection 

and thus fundamentally limit the accuracy of eyewitness identification. 

 

Visual Sensation 

 

When an observer views an object of any sort (such as a person) or events involving the object (a 

criminal act), patterns of light reflected from the environment are focused by the lens at the front of the 

eye and projected onto the back surface of the eye (the retina) to form the retinal image. Light in the 

image is initially “sensed” by activation of photoreceptors, and early stages of sensory processing 

function to detect spatial and temporal contrast along a number of dimensions, including intensity and 

wavelength of light.
6
 These contrast measurements are integrated by subsequent processing stages in the 

brain to yield representations of basic image features, or primitives, such as oriented image contours.
7
 

Several sources of noise, or factors that limit the ratio of signal to noise, can restrict the visual 

information accessible to these early sensory processes. Some factors are inherent to the visual system 

and largely uncontrollable, such as scattering of light by the fluid and tissues of the eye, and can be 

exacerbated by common observer-specific visual deficits, such as myopia, poor contrast sensitivity, or 

color blindness. Others factors are dependent on viewing conditions, such as the effects of viewing time 

and level of illumination.
8
 Both of these factors predictably influence the quantity of information—the 

visual signal strength—that a viewer gains from a visual scene, and thus the degree to which the 

perceptual experience can accurately reflect the properties of the external world.
9
 At the extreme, short 

viewing times and low levels of illumination simply reduce the number of correlated photons reaching the 

                                                      
5
L. Mickes, H. D. Flowe, and J. T. Wixted, “Receiver operating characteristic analysis of eyewitness memory: 

Comparing the diagnostic accuracy of simultaneous and sequential lineups,” Journal of Experimental Psychology: 

Applied, 18 (4): 361–76 (2012). 
6
M. Meister and M. Tessier-Lavigne, “Low-level Visual Processing: The Retina,” in Principles of 

Neuroscience, 5th Edition, ed. E. Kandel, J. H. Schwartz, T. M. Jessell, S. A. Siegelbaum, and A.J. Hudspeth (New 

York: McGraw-Hill Professional, 2012), 577–601.   
7
C. D. Gilbert, “Intermediate-level Visual Processing and Visual Primitives,” in Principles of Neuroscience, 5

th
 

Edition, ed. E. Kandel, J. H. Schwartz, T. M. Jessell, S. A. Siegelbaum, and A. J. Hudspeth (New York: McGraw-

Hill Professional, 2012), 602–620. 
8
D. G. Pelli, “Uncertainty explains many aspects of visual contrast detection and discrimination” Journal of the 

Optical Society of America A2 (9): 1508–32 (1985).  D. G. Pelli, “The quantum efficiency of vision,” in Vision: 

Coding and Efficiency, ed. C. Blakemore (Cambridge: Cambridge University Press, 1990), 3–24.  G. Sperling, “The 

information available in brief visual presentations,” Psychological Monographs: General and Applied, 74 (11, 

Whole No. 498): 1–29 (1960). 
9
G. Sperling, “A signal-to-noise theory of the effects of luminance on picture memory: Comment on Loftus,” 

Journal of Experimental Psychology: General, 115 (2): 189–92 (1986). 
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retina to the point where they scarcely exceed photon noise,
10

 and uncertainty is very high. At slightly 

longer viewing times and greater illumination levels, signal-to-noise levels improve, but there may remain 

marked limits on visual sensitivity. Visual acuity, for example, which is a measure of the ability to 

resolve the fine spatial details of a visual pattern, is known to decline significantly with decreases in 

illumination.
11

  

Signal-to-noise loss can depend on the direction of the observer’s gaze. Visual acuity is highest at 

the observer’s center of gaze. The center is the part of your visual system that is used for fine sensing, 

such as reading or scrutinizing faces in a social context. Acuity drops off markedly with angular distance 

from this center, such that the quality and quantity of information sensed a mere 10 degrees from center 

are far less than what is available at the center of gaze.
12

  

Under unrestricted viewing conditions, the movements of the eyes largely overcome the effects of 

gaze direction. However, under the viewing conditions associated with a typical crime, this source of 

noise may place severe limitations on the ability of the observer to sense key pieces of information that 

are not present at the center of gaze. To appreciate the impact of these limitations, consider that patients 

with macular degeneration are effectively blinded in the region of the visual field possessing highest 

acuity, and must rely instead on the much-reduced quality of visual information gained from the 

peripheral visual field. To compensate for this clinical loss, images and text must be greatly magnified to 

enable comprehension—a tactic that is clearly not available to an eyewitness. 

 

Visual Attention 

 

Light falling on all parts of the retina is available to be sensed—and must be sensed for it to be 

available for further processing—but only a small fraction of the information sensed reaches awareness or 

is used by the observer for recognition, action, or storage in memory. This limited access to visual sensory 

information is a product of selective attention.
13

 Attention is an active process that can be directed by 

external factors—visual attributes with high salience, such as a bright light or an unfamiliar object—or 

internal control.
14

 If you are searching for the coffee cup, for example, you may explicitly direct your 

attention to the table where it was last seen. Attention can be directed to different types of image content, 

including specific locations in space
15

 and specific image features (such as a specific color),
16

 or to 

specific objects (such as the coffee cup).
17

 

Attended image content is transiently enhanced to increase the fidelity of visual experience.
18

 

Attention interacts with sensory processing, for example, by selectively enhancing contrast
19

 and 

                                                      
10

S. Hecht, S. Schlaer, and M. H. Pirenne, “Energy, quanta, and vision,” Journal of General Physiology 25 (6): 

819–840 (1942). 
11

P. W. Cobb, “The influence of illumination of the eye on visual acuity,” American Journal of Physiology, 29: 

76–99 (1911).  S. Hecht, “A quantitative basis for the relation between visual acuity and illumination,” Proceedings 

of the National Academy of Sciences, 13: 569–574 (1927).  S. Shlaer, “The relation between visual acuity and 

illumination,” Journal of General Physiology, 21 (2): 165–188 (1937). 
12

H. Strasburger, I. Rentschler, and M. Jüttner, “Peripheral vision and pattern recognition: a review,” Journal of 

Vision, 11(5):13, 1–82 (2011). 
13

W. James, Principles of Psychology (New York: Henry Holt, 1890); H. Pashler, J.  Johnston, and E. Ruthruff, 

“Attention and Performance,” Annual Review of Psychology 52: 629–651 (2001). 
14

M. I. Posner, “Orienting of attention,” Quarterly Journal of Experimental Psychology 32: 3–25 (1980). 
15

Ibid. 
16

A. F. Rossi and M. A. Paradiso, “Feature-specific effects of selective visual attention,” Vision Research 35 (5): 

621–634 (1995). 
17

J. Duncan, “Selective attention and the organization of visual information,” Journal of Experimental 

Psychology: General 113 (4): 501–517 (1984). 
18

H. Pashler, J. Johnston, and E. Ruthruff, “Attention and Performance,” Annual Review of Psychology 52: 629–

651 (2001). 
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potentially overcoming low signal-to-noise levels resulting from limited viewing time or illumination.
20

 

The effects of attention on contrast enhancement can be potentiated further when attention is commanded 

by emotionally laden stimuli.
21

 Image content not falling within the focus of attention is processed with 

less fidelity.
22

 In some cases, unattended content is effectively invisible:
23

 it does not reach awareness, it 

is not perceived, and it is not available for use in guiding decisions or actions, or for storage in memory.  

Different pieces of visual information compete for selection,
24

 as their attributes of physical 

salience, location in space, novelty, and relevance to the observer’s needs and behavioral goals are always 

changing.
25

 The outcome of the competition is highly susceptible to noise (in this instance, noise is 

defined as uncontrolled factors that bias the focus of attention and create uncertainty about the content of 

a visual scene), because the informational content of the visual image vastly exceeds what can be attended 

at any point in time. The implications of such noise for eyewitness identification are profound. An 

observer must “select” what to attend to, often within a short window of time, without advance warning, 

in the presence of many novel objects and events, and under the confounding influences of anxiety and 

fear.  

The signal detection framework is readily adaptable to the problem of noise in visual attention and 

provides some insights into the limits of attentional selection in the presence of noise.
26

 In essence, this 

signal detection approach quantifies the extent to which multiple items competing with one another for 

attention affect attentional enhancement for any one of the items.
27

 Reductions in efficiency are common 

under such noise conditions. Indeed, sensitivity to unattended items can be markedly reduced under 

conditions of high “perceptual load,” in which there are many objects simultaneously competing for 
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M. Carrasco et al.,“Attention alters appearance” Nature Neuroscience 7: 308–313 (2004). 
20

M. I. Posner, C. R. Snyder, B. J. Davidson, “Attention and the Detection of Signals,” Journal of Experimental 
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Yeshurun and M. Carrasco, “Attention improves or impairs visual performance by enhancing spatial resolution,” 
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1359:155–177 (2010). 
21

E. A. Phelps, S. Ling, and M. Carrasco, “Emotion facilitates perception and potentiates: the perceptual 

benefits of attention,” Psychological Science 17(4): 292 (2006). 
22

M. I. Posner, C. R. Snyder, and B. J. Davidson, “Attention and the Detection of Signals,” Journal of 
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A. Mack and I. Rock,  Inattentional blindness (Cambridge, MA: MIT Press, 1998). 
24
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attention.
28

 The spacing of items in the visual field also impacts visual sensitivity.
29

 When objects are 

closely spaced, their discriminability is reduced. One explanation offered for this “crowding effect” is that 

the spacing of visual items is smaller than the resolution of visual attention.
30

 The visual phenomenon of 

crowding suggests that a crime committed in a visually complex scene, such as a sporting event, could 

easily place limits on the ability of a witness to accurately perceive the facial features of a perpetrator.  

A related consequence of attentional noise is that competing interests can readily hijack the 

attentional focus. The technique of misdirection—one of the original mainstays of performance magic—

directs attention to uninformative image content and exploits the invisibility of unattended features.
31

 The 

well-studied inattentional blindness effect
32

 is another example of this phenomenon, in which attention 

that is pre-directed to one behaviorally significant property of a visual scene precludes awareness of other 

features that also may be important. (For a dramatic demonstration of this effect, produced by Simons and 

Chabris,
33

 see http://tinyurl.com/inattentional-blindness.)  

Inattentional blindness effects translate well to real-world interactions between people. An 

individual can be surprisingly unaware of surreptitious changes to the physical appearance of another 

person while engaged in conversation.
34

 One demonstration of this phenomenon involved two strangers 

(experimenter and pedestrian) in a brief face-to-face conversation on a sidewalk. At some point in the 

conversation an opaque door was carried between the two individuals, and another person with different 

appearance, clothing, and voice quickly replaced the experimenter. More than half of the participants 

(pedestrians) failed to notice that their conversation partner had changed. This finding suggests that 

naturally occurring events that briefly divert attention have the potential to markedly impair the accuracy 

of eyewitness identifications. 

Attentional hijacking is particularly characteristic of stimuli that elicit strong emotional responses,
35

 

such as fear and arousal. Visual stimuli that trigger fear responses act as powerful external cues that 
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command attention.
36

 While this potentiates sensitivity to those stimuli, at the considerable expense of 

sensitivity to others,
37

 it is often the case that the attended emotional stimuli are not the ones with relevant 

informational content. The so-called weapon focus is a real-world case in point for eyewitness 

identification,
38

 in which attention is compellingly drawn to emotionally laden stimuli, such as a gun or a 

knife, at the expense of acquiring greater visual information about the face of the perpetrator (see also 

discussion of weapon focus in Chapter 5). (One might argue that this is an adaptation that benefits 

immediate action or engagement with a threatening stimulus, but is surely detrimental to one’s efforts to 

bear witness.) 

 

Visual Perception 

 

Visual perception is the conscious functional result of efforts to identify the environmental causes of 

the pattern of light cast onto the back of the eye.
39

 Perception does not reflect the sensory world passively, 

as camera film detects patterns of light. On the contrary, visual perception is constructive
40

 and entails (1) 

integrating and segmenting attended attributes of the visual image into objects, (2) complementing and 

interpreting the product with expectations derived from memory of prior experiences with the world, and 

(3) assigning meaning and emotional valence by reference to prior knowledge of function and value. All 

of the perceptual processes are affected by noise. Because the things perceived are the things we place 

into memory, perceptual noise can dramatically limit the accuracy of eyewitness identification.  

The process of feature integration and interpretation may be distorted by images of an object unique 

to a specific angle of view.
41

 The retinal pattern generated by a face viewed directly from the front differs 

considerably—with changes in aspect ratio and relative placement of facial features—from that generated 

by a face viewed from an oblique side angle. Viewing a face from an angle above or below center (as 

might be the case if the criminal were standing over you, or below you on the stairs) also yields retinal 

distortions of facial features. In this case, the distortions prominently mimick facial gestures of smiling 

versus frowning, and perhaps cause incorrect inferences about the emotional state of the person observed 

and his or her intentions and motivations. (This distortion is the basis for the Japanese Noh Theatre mask 

effect,
42

 in which a rigid mask tilted forward leads to the appearance of a smile and backward leads to the 

appearance of a frown—an effect you can simulate by simply looking into the mirror and tilting your face 

up or down.)  
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Viewing conditions can also affect the perception of face, gender, and age.
43

 Investigators found that 

faces that were physically identical—and particularly those bordering on androgyny—were perceived as 

unambiguously male or female depending on where they appeared in the observer’s visual field. The 

spatial patterning of these effects was distinctive and stable for each observer. Perceptual distortions of 

this sort are a source of noise that may have important implications for the accuracy of eyewitness 

identification. 

Perceptual distortions also may be introduced through memory recall. The way an observer 

experiences a visual scene—the setting, the people, and the actions associated with a crime —is 

commonly influenced as much by expectations from prior experience with the world as it is by the precise 

patterns of light cast upon the retina. There are good reasons why this is true. As noted above, the sensory 

input (the pattern of light received) is often noisy, incomplete, and ambiguous, and our memories of what 

is likely to be out there, given the context, are called on to fill in the blanks, reconcile ambiguities, and 

leave us with clear and coherent percepts.
44

 This perceptual completion is probabilistic.
45

 It is an 

hypothesis, and the accuracy naturally depends on the degree to which the observer’s expectations match 

the noisy sensory data. 

What is implied is that the same mechanism that grants the certainty of perceptual experience in the 

face of noise and ambiguity is also capable of implicitly fabricating content that does not correspond to 

external reality and yet is experienced with no less certainty. Performance magic relies on this 

constructive nature of perceptual experience, and that nature is also the foundation for many visual 

illusions and forms of visual art.
46

 In a classic experiment that drives home the point, Bruner and Postman 

looked at the ability of observers to recognize ‘‘trick’’ playing cards.
47

 The trick cards were created by 

altering the color of a given suit (e.g., a red seven of spades). Observers were shown a series of cards with 

brief presentations. Some cards were trick, and the remainder normal. With astonishing frequency, 

observers reported that the trick cards were normal. When questioned, observers defended their reports, 

even after being allowed to scrutinize the trick cards, thus demonstrating that learned properties of the 

world are capable of sharply altering our experience and, moreover, reinforcing our convictions about 

what we have seen, even in the face of countermanding sensory evidence. In view of this inherent 

dependence of perception on prior experiences and context—and, importantly, the fact that the viewer is 

commonly none the wiser when perception differs from the “ground truth” of the external world—it 

appears that accurate eyewitness identification may be difficult to achieve. 

Additional noise (in this case defined as uncertainty resulting from loss of perceptual resolution) 

may result from the fact that visual perception is categorical.
48

 Although the objects of our experience 
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vary broadly along multiple sensory dimensions, we lump them into categories using prior associations, 

many of which stem from common functions, physical properties, meanings, or emotional valence. The 

apples in a basket, or the many typographic fonts for the letter “A,” are visually distinct, yet we readily 

perceive them as categorically identical. For most behavioral and cognitive goals, perceptual processing is 

greatly simplified by treating all members of a category as the same, despite their differences. It rarely 

matters, for example, whether the apple we choose is dappled on one side or irregular in shape, nor does 

the font used bear greatly on our ability to read. One of the functional corollaries of categorical perception 

is that observers are far better at discriminating between objects from different categories than objects 

from the same category.
49

  Evidence indicates that the structure of object memory is also categorical,
50

 

suggesting that perceived objects are encoded in memory as a category type, often without specific detail.  

Perceptual categorization naturally applies to faces.
51

 We readily categorize faces by distinctions 

along the obvious dimensions of gender, age, and race, but we also draw distinctions along dimensions 

such as skin tone, hair color and style, presence and type of facial hair, such subtler factors as shape of 

cheeks and jaw, and subjective qualities such as attractiveness.  The practical consequence of this for 

eyewitness identification is that the precision of a perceptual experience may be reduced within any of 

these categories, particularly because we typically witness criminal events for such a brief period of time. 

The ensuing memory of the experience will likely reflect that reduced precision, and the memory 

retrieved may regress to a category prototype, or to other exemplars of the perceived category.
52

 The 

witness may categorically perceive a square jawed man with a moustache, but the fine details needed for 

individuation of a suspect are neither perceived nor encoded in memory. For example, although you may 

have seen the iconic Marlboro Man countless times on billboards and in magazines, it is unlikely that you 

could distinguish him in a lineup from other square jawed mustachioed men. 

 

MEMORY 
 

Functional Processes of Memory 
 

Conscious visual perceptual experiences, rendered by the processes described in the previous section 

on vision, are commonly stored as declarative memories, meaning that they can be consciously accessed 
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and expressed as knowledge about the world (as distinct from procedural memories, such as motor 

skills).
53

 Declarative memories are of two types, semantic and episodic,
54

 reflecting a distinction between 

memories of meanings, facts, and concepts versus memories of events (such as those witnessed during a 

crime). Declarative memories are conceptualized as involving three core processes
55

—encoding, storage 

and retrieval—which refer to the placement of items in memory, their maintenance therein, and 

subsequent access to the stored information.  

Like vision, memory is also beset by noise. Encoding, storage, and remembering are not passive, 

static processes that record, retain, and divulge their contents in an informational vacuum, unaffected by 

outside influences. The contents cannot be treated as a veridical permanent record, like photographs 

stored in a safe.  On the contrary, the fidelity of our memories for real events may be compromised by 

many factors at all stages of processing, from encoding through storage, to the final stages of retrieval. 

Without awareness, we regularly encode events in a biased manner and subsequently forget, reconstruct, 

update and distort the things we believe to be true.
56

 

In the following sections, we discuss memory encoding, storage and retrieval, with emphasis on the 

limits of these processes as they pertain to eyewitness identification. Emotions can strongly influence 

these processes of memory; some specific actions are highlighted. We also discuss the phenomenon of 

“recognition memory,” which refers to the specific type of memory retrieval in which a stimulus (e.g., a 

face) is used to probe memory and the rememberer (e.g., an eyewitness) must decide whether the strength 

of the elicited memory evidence is sufficient to declare that the stimulus was previously encountered or is 

novel. Recognition memory underlies eyewitness identification, as the witness must make a recognition 

decision.   

 

Memory Encoding 
 

Memory encoding refers to the process whereby perceived objects and events are initially placed 

into storage. The encoding process involves two stages, which are commonly distinguished by the 

quantity of information stored, the duration of storage, and the susceptibility to interference.
57

 Short-term 

                                                      
53

W. James, Principles of Psychology (New York: Henry Holt, 1890). S. Harnad, ed., Categorical Perception: 

The Groundwork of Cognition (New York: Cambridge University Press,1987).  B. Milner, Physiologie de 

l’hippocampe, ed. P. Passouant (Paris: Centre National de la Recherche Scientifique, 1962), 257–272.  L. R. Squire 

and J. Wixted, “The Cognitive Neuroscience of Human Memory since H.M.,” Annual Review of Neuroscience 34: 

259–288 (2011).   
54

E. Tulving, “Episodic and semantic memory,” in Organization of Memory, ed. E. Tulving & W. Donaldson 

(New York: Academic Press, 1972), 381–403.   
55

E. Tulving, “Organization of memory: Quo vadis?” in The Cognitive Neurosciences, ed. M. S. Gazzaniga 

(Cambridge, MA: MIT Press, 1995), 839–847. 
56

J. T. Wixted, “The psychology and neuroscience of forgetting,” Annual Review of Psychology 55: 235–269 

(2004).  E. Tulving and D. M. Thomson, “Encoding specificity and retrieval processes in episodic memory,” 

Psychological Review 80 (5): 352–373 (1973).  Y. Dudai, “Reconsolidation: The advantage of being refocused,” 

Current Opinion in Neurobiology 16 (2): 174–178 (2006).  E. F. Loftus, “Planting misinformation in the human 

mind: A 30-year investigation of the malleability of memory,” Learning & Memory 12(4): 361–366 (2005).  R. A. 

Bjork, “Interference and memory,” in Encyclopedia of learning and memory, ed. L. R. Squire (New York: 

Macmillan, 1992), 283–288.  J. A. McGeoch, “Forgetting and the law of disuse,” Psychological Review 39(4): 352–

370 (1932).  J. G. Jenkins and K. M. Dallenbach, “Obliviscence during Sleep and Waking,” The American Journal 

of Psychology 35 (4): 605–612 (1924). B. J. Underwood and L. Postman, “Extra-experimental sources of 

interference in forgetting,” Psychological Review 67 (2): 73–95 (1960). 
57

R. C. Atkinson and R. M. Shiffrin, “Human memory: A proposed system and its control processes,” in The 

psychology of learning and motivation (Volume 2), ed.  K. W. Spence and J. T. Spence (New York: Academic 

Press,1968),  89–195.  W. James, Principles of Psychology (New York: Henry Holt, 1890).  A. Baddeley, “Working 

memory: looking back and looking forward,” Nature Reviews Neuroscience 4 (10): 829–839 (2003).  A. Baddley, 

Working Memory (New York: Oxford University Press,1986). 



Copyright © National Academy of Sciences. All rights reserved.

Identifying the Culprit:  Assessing Eyewitness Identification

PREPUBLICATON COPY – UNEDITED PROOFS 

42 

or working memory is the conscious content of recent perceptual experiences, or information recently 

recalled from long-term storage. Information that remains at the focus of attention persists in and forms 

the contents of short-term memory. This form of memory is of limited duration and capacity,
58

 and is 

labile, decaying quickly with time and easily disrupted by other perceptual or cognitive processes.
59

 

Through cellular and molecular events that play out over time, the contents of short-term memories may 

be encoded and consolidated into long-term memory,
60

 which is more enduring (albeit evolving with 

ongoing experience), and of greater capacity.  

The structure of an individual’s full library of long-term declarative memories can be thought of as a 

collection of associations between items of specific semantic (e.g., the fact that that person X is a 34-year-

old female) or episodic content
61

 (e.g., the fact that person X was at location Y on the night of the 

witnessed crime). As the individual gains new experiences, long-term declarative memories may be 

updated by adding new content to the existing library, or by forming new associations between existing 

content.
62

  

Memories are particularly labile during the encoding process. The contents of short-term memory 

are limited and highly subject to interference by subsequent sensory, cognitive, emotional, or behavioral 

events; the contents can also be biased by prior knowledge, expectations, or beliefs, resulting in a 

distorted representation of experience. Short-term memories of events that happened early in a witnessed 

proceeding may simply be forgotten with the passage of time, or badly compromised by attention directed 

to subsequent emotional events, or by cognitive and behavioral demands (e.g., anxiety, fear, or the need to 

escape). In such cases, the compromised information may never be consolidated fully into long-term 

storage or that storage may contain distorted content.
63

 At the same time, the quality of encoding of 

stimuli that are attended is commonly enhanced by highly emotional content.
64

  

 

Memory Storage 
 

Memory storage refers to the long-term retention of information after encoding. The stability of 

stored information is continuously challenged and subject to modification. We forget, qualify, or distort 

existing memories as we acquire new perceptual experiences and encode new content and associations 

into memory.
65
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Forgetting can be partially mitigated, and memories stabilized, by habits of retrieval (or reactivation) 

and reconsolidation,
66

 which happen whenever we tell the story of our experiences. Reactivation is not 

perfect. With each implicit retrieval or explicit telling of the story, we may smooth over inconsistencies 

unconsciously or modify content based on our prior beliefs, the accounts of others, or through the lens of 

new information. We may add embellishments that reflect opinions, emotions, or prejudices
67

 rather than 

observed facts; or we may simply omit disturbing content and pass over fine details.
68

  

A second threat to the stability of long-term memories is, ironically, our life-long ability to learn 

new things. Because memory mechanisms are inherently plastic throughout life, content stored for the 

long term is surprisingly labile in the face of new information. Our memories are thus an ever-evolving 

account of our experiences. A memory that reflects witnessing person X at location Y on a particular 

evening might be readily and notably updated by subsequent learning that location Y is the home of a 

business associate of person X. Our memories of the witnessed actions of person X may be qualified by 

new knowledge of her life history. Moreover, because new content can be added and the source of that 

content forgotten, we may attribute our updated memories to the originally witnessed events—in some 

cases substantially changing what we believe we have seen.
69

 It is thus not surprising that newly 

incorporated information need not be true to fact. Research on false memories shows that it is possible to 

plant fabricated content in memory, which leads us to recall things we never experienced.
70

  

The emotional content of stored memories is a factor that appears to promote long-term retention; 

memories of highly arousing emotional stimuli, such as those associated with a witnessed crime, tend to 

be more enduring than memories of non-arousing stimuli.
71

 Highly salient, unexpected, or arousing 
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events—such as the Kennedy assassination or the Space Shuttle disaster—are commonly more strongly 

stored in memory and their later retrieval is often associated with the subjective experience of high 

vividness and a sense of reliving
72

 (although not necessarily with greater accuracy, as detailed below). 

The stronger encoding and storage of emotional memories results from the engagement of a specialized 

system of stress hormones (glucocorticoids) which is triggered by arousing content and has potentiating 

effects on the neuronal processes underlying memory consolidation and storage.
73

 Despite the vividness 

and the sense of reliving that characterizes retrieval of emotional memories, there are many indications 

that such memories are just as prone to errors.
74

 This may reflect, in part, memory enhancements, of the 

sort described above, which accompany frequent re-consolidation or re-telling of the story of the 

emotional experience,
75

 and often include details (some true to fact, some not) learned after the 

experience. Although emotional memories are often inaccurate in detail, one important corollary of their 

vividness is that they are frequently held with high confidence.
76

 This breakdown of the relationship 

between accuracy and confidence can obviously undermine eyewitness accounts.
77
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The enduring plasticity of stored memories is a serious concern for the validity of eyewitness 

identification. A witness’ inevitable interactions with law enforcement and legal counsel, not to mention 

communications from journalists, family, and friends, have the potential to significantly modify the 

witness’ memory of faces encountered and of other event details at the scene of the crime.
78

 Thus, the 

fidelity of retrieved events—and the accuracy of identification—is likely to be greater when retrieval 

occurs closer to the time of the witnessed events. The conclusion above has important implications for 

law enforcement and the legal process and calls into question the validity of in-court identifications and 

their appropriateness as statements of fact. 

 

Memory Retrieval 

 

Memory retrieval refers to the process by which stored information is accessed and brought into 

consciousness, where it can be used to make decisions and guide actions. Retrieval of long-term 

declarative memories is often triggered through association with an external stimulus (i.e., a retrieval 

cue).
79

 For example, the slight stubble on a lineup participant’s face may be enough to elicit retrieval of a 

suspect’s entire face. These same retrieval processes can also be engaged internally – a verbally triggered 

stream of thought related to a witnessed crime may readily bring to mind visual features of the 

perpetrator. A corollary of this association-based phenomenon is that memory retrieval is often context 

dependent; a memory may be more readily retrieved if the observer is in physical surroundings that are 

the same as or similar to those in which the original experiences took place (because the surroundings 

provide additional cues to trigger memory retrieval).
80

 

Memory retrieval is heavily affected by various sources of noise. Similarities of meaning or 

appearance between retrieval cues and items in memory can easily lead to retrieval of the wrong item, 

producing a false memory.
81

 This is particularly a problem given the categorical nature of memory.
82
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rugged mustachioed man in the lineup may lead to retrieval of the familiar categorical prototype—the 

Marlboro Man—rather than the specific person perceived at the scene of the crime, which in turn could 

interfere with or lead to errors in recognition (i.e., identification). Another type of memory retrieval 

failure is caused by “intrusion errors,” in which information known to be commonly associated with 

events of a general type becomes incorporated into the retrieved content of a specific memory (and 

subsequently incorporated into the reconsolidated memory). For example, because guns are often 

associated with robbery, an observer may readily and unwittingly incorporate a gun into the retrieved 

version of his or her memory of a witnessed robbery.  

Intrusion errors are one manifestation of a larger retrieval problem in which there is loss of 

information about the source of a memory. In cases of “source memory failure,” we effectively forget 

how we know things, forget when and where we learned the content of our memories. What this means 

practically is that we may attribute later acquisition of information to earlier experiences. An eyewitness 

might learn from the police or some other source that a potential suspect has a moustache and then 

attribute that knowledge to the witnessed events, which will, in turn, have disastrous consequences for the 

ability of the eyewitness to accurately report what she or he has seen. 

As for the processes of memory encoding and storage, the emotional content of memory also affects 

memory retrieval. As noted above, memory retrieval is commonly context dependent. A related and well-

documented phenomenon that bears on emotional memories is state dependent memory, in which retrieval 

accuracy is best if the individual’s cognitive state at the time of retrieval matches cognitive state at the 

time of encoding.
83

 When memories have an emotional component, retrieval may be best when the 

individual is induced to a corresponding emotional state (mood dependent memory),
84

 which is 

accomplished by verbally or physically placing him or her in the same context, and may offer a valuable 

investigative tool for probing eyewitness accounts.
85

  

 

Recognition Memory 

 

Recognition memory is the specific type of declarative memory retrieval in which a sensory 

stimulus (a “cue” stimulus) elicits a memory of the stimulus stored following a prior encounter, and often 

the sequence of events involving the stimulus, the spatial context in which the stimulus was experienced, 

and the presence of other objects, people, or thoughts that had appeared with the stimulus during the 

event.
86

 Recognition memory decisions are based on the retrieved memory evidence, which can be 

triggered by the stimulus and can also emerge from an active search of items in memory. One factor 
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affecting the strength of the evidence retrieved is the similarity between the cue stimulus and the stimulus 

or stimuli that was/were previously encountered during the event. An observer engaged in this process 

holds an implicit criterion for the strength of evidence required to reach a positive decision. In the case of 

eyewitness identification, this process is routinely elicited by viewing faces in a lineup. When the 

evidence retrieved is insufficient to reach a decision, this can lead to a cycle of ever-greater scrutiny of 

the cue stimulus and efforts to recollect additional details of the original event. Ultimately a decision must 

be made about whether the retrieved evidence is sufficient to declare that the stimulus was previously 

experienced (or previously experienced in the particular event of interest) or whether the stimulus is novel 

(or not from the event of interest). If a recognition event occurs – that is, if the memory search triggered 

by one of the faces in the lineup leads to a strong enough subjective experience that the face is familiar 

and/or the recollection of sufficient event details– then the witness may declare that they recognize the 

face as having been previously encountered. Recognition memory decisions can thus be thought of as the 

final stage in the process of eyewitness identification.  

Because it is a form of memory retrieval, recognition memory is susceptible to all of the factors 

summarized above that are known to interfere with retrieval. Recognition memory differs from other 

forms of retrieval (such as recalling a phone number or a cake recipe), however, in that a comparison 

must be made between the retrieved evidence and a decision threshold. That is, as noted above, 

recognition judgments require a decision criterion, an understanding of which presents a unique set of 

challenges for eyewitness identification (and recognition memory, generally). In particular, an observer’s 

report of recognition (or, in a lineup setting, of identification) is influenced not simply by the strength or 

quality of the recalled memory evidence. The report of recognition (identification of a lineup member) is 

also influenced by the level of evidence that the observer finds acceptable to reach such a decision, i.e., by 

his/her decision criterion, or bias. An observer who holds a liberal criterion will likely recognize many 

true targets (i.e., the guilty), but will frequently err by reporting recognition of many false targets (i.e., 

innocents). Conversely, an observer who holds a conservative criterion will avoid the problem of 

erroneous recognition (identification), but will fail to identify some true targets. Estimating (or 

controlling) the observer’s decision criterion is thus a critical step in efforts to judge the validity of an 

identification (see also Chapter 5). 

Recognition memory for faces differs greatly between familiar and unfamiliar faces.
87

 Because we 

often identify familiar individuals with ease, we tend to think we are generally very good at face 

recognition. However, we are not as good with unfamiliar faces.
88

 All the sources of noise during 

perception and memory contribute to these difficulties, and they are exacerbated by criminals’ attempts to 

conceal their identity (even a change in hairstyle and clothing can have a major effect on recognition). 

The ability to recognize unfamiliar faces differs widely across individuals. At one extreme are those 

people, referred to as “super recognizers,”
89

 who hardly forget a face. At the other end of the spectrum are 

“face-blind people (prosopagnosics),” who have great difficulty recognizing even highly familiar faces.
90

 

Current estimates of the fraction of the general population afflicted by prosopagnosia are as high as 

~2%.
91

 The ability of an eyewitness to identify a suspect may thus differ greatly from individual to 

individual simply as a consequence of general variations in face recognition ability.    
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CONCLUSION 

 

The shortcomings of eyewitness identification present a societal problem that has profound 

implications for our systems of law and justice. Ultimately, a solution to this problem must be informed 

by a thorough understanding of human vision and memory. The processes of vision and memory, which 

are fundamental to human experience, have been frequent targets of scientific investigation since the 19
th
 

century. The past few decades have seen an explosion of additional research that has led to important 

insights into how vision and memory work, what we see and remember best, and what causes these 

processes to fail. The committee has reviewed much of this research, as it pertains to eyewitness 

identification and has identified restrictions on what can be seen under specific environmental and 

behavioral conditions (such as poor illumination, limited viewing duration or viewing angle), factors that 

impede the ability to attend to critically informative features of a visual scene (e.g., the deleterious effect 

of an attention-grabbing element, such as a weapon, on the ability to correctly perceive the features of the 

assailant’s face), distortions of perceptual experience derived from expectations, and ways in which 

emotion and stress enhance or suppress specific perceptual experiences. Memory is often far from a 

faithful record of what was perceived through the sense of sight: its contents can be forgotten or 

contaminated at multiple stages, it can be biased by the very practices designed to elicit recall, and it is 

also heavily swayed by emotional states associated with witnessed events and their recall. From this 

analysis, the committee must conclude that there are insurmountable limits on vision and memory 

imposed by our biological nature and the properties of the world we inhabit. With this knowledge, we can 

more fully appreciate the value and risks associated with eyewitness reports and accordingly advise those 

who collect, handle, defend, consider, and adjudicate such reports. 
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5 

 

Applied Eyewitness Identification Research 

 
The committee was tasked with (1) critically assessing the existing body of scientific research on 

eyewitness identification; (2) identifying gaps in the literature; and (3) suggesting other research that 

would further the understanding of eyewitness identification and improve law enforcement and courtroom 

practice. Eyewitness identification research resides in both the scientific literature and the law and justice-

related scholarly literature. Although experiential, anecdotal, and some administrative records from law 

enforcement and the judiciary could contribute to a better understanding of eyewitness identification, the 

committee did not comprehensively review this more qualitative material. The committee did, however, 

examine select examples of law enforcement policies and influential judicial rulings. 

In late 2013, the committee compiled an extensive and comprehensive bibliography from the 

following nine electronic databases, with the search limited to publications over the past two decades (i.e., 

since 1993): Academic Search Premier (EBSCO), Embase (Elsevier), MEDLINE (National Library of 

Medicine), NCJRS Abstracts Database (U.S. Department of Justice), PsycINFO (American Psychological 

Association), PubMed (National Institutes of Health), Scopus (Elsevier), Web of Science (Thomson 

Reuters), and LexisNexis.1 Papers were drawn from such fields as social science, cognitive science, 

behavioral science, neuroscience, criminology, and law using Boolean-logic-based search strategies 

designed to identify empirical research reports, review articles, systematic reviews, meta-analyses, and 

articles in law reviews and legal journals. 

The committee concentrated its review on the subset of the bibliography deemed most important to 

its task, focusing more on the scientific literature than on the law review literature. These materials 

included meta-analyses and systematic reviews and primary research in neuroscience, statistics, and 

eyewitness identification. This report also was informed by several early foundational papers and written 

comments from, and presentations to, the committee by representatives from science, law enforcement, 

state courts and government, private organizations, and other interested parties. The comments and 

presentations revealed additional highly relevant new findings, some recently published or in press and 

others in submission. The agenda for each committee meeting is available in Appendix B. All materials 

submitted to the committee are retained in the Academies’ public access file and are available upon 

request. 

 

COMMITTEE ASSESSMENT 

 

Many factors affect eyewitness accuracy. Some factors are related to protocols within the law 

enforcement and legal systems, while others are related to characteristics associated with the crime scene, 

perpetrator, and witness.  

System variables are those that the criminal justice system can influence through the enforcement of 

standards and through education and training of law enforcement personnel in the use of best practices
2
 

and procedures (e.g., by specifying the content and nature of instructions given to witnesses prior to a 

                                                      
1
The law review literature was represented by the citations from the LexisNexis search. While all these 

materials were not reviewed in detail, several of the documents informed Chapter 3 of this report (The Legal 

Framework for Assessment of Eyewitness Identification). 
2
As noted in Chapter 1, for the purposes of this report, the committee characterizes best practice as the adoption 

of standardized procedures based on scientific principles. The committee does not make any endorsement of 

practices designated as best practices by other bodies. 
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lineup identification). Estimator variables include factors operating either at the time of the criminal event 

(relating to visual experience or memory encoding) or during the retention interval (the time between 

witnessing an event and the identification process). Specific examples include the eyewitness’ level of 

stress or trauma at the time of the incident, the light level and nature of the visual conditions that affect 

visibility and clarity of a perpetrator’s features, similarity of age and race of the witness and perpetrator, 

presence or absence of a weapon during the incident, and the physical distance separating the witness 

from the perpetrator.  

A scientific consensus about the effects of some factors has emerged, but no such consensus exists 

for many other factors. One method of assessing scientific consensus is by surveys of experts. A 2001 

survey collected responses from sixty-four psychologists about their courtroom experiences and their 

opinions on thirty eyewitness-related phenomena to determine the “general acceptance” of these 

phenomena within the eyewitness identification research community.
3
 General acceptance is relevant to 

whether scientific testimony is admissible as evidence in court (see Chapter 3). The survey revealed 

substantial agreement about which findings these experts felt were sufficiently reliable to present in 

court.
4
  

The committee examined the scientific literature on eyewitness identification, focusing first on 

quantitative syntheses, largely systematic reviews and meta-analyses, which were identified in a 

comprehensive search of electronic databases designed to locate research on both estimator and system 

variables. In addition, primary research studies were identified in this database search, many of which 

were also highlighted in the relevant systematic reviews and meta-analyses. Finally, some researchers 

forwarded manuscripts to the committee that have been submitted for peer-review or are in press. In their 

examination of this body of literature, the committee examined the quality of the identified research and, 

where possible, worked to derive summary empirical generalizations related to variables of interest. 

 

Quantitative Syntheses of Eyewitness Identification Research 
 

The committee first evaluated the consistency of research findings across studies for system and 

estimator variables by studying published quantitative reviews of empirical research. Systematic reviews, 

which collect and appraise available research on specific hypotheses or research questions, are efforts to 

synthesize the effects of variables across studies. Within systematic reviews, meta-analysis is often, but 

not always, used to compute the effects of variables as well as to identify factoss that explain differences 

across studies. When assumptions about consistency of data collected across studies are met, meta-

analysis provides a quantitative summary of empirical findings by statistically averaging effect sizes 

across individual studies, thereby increasing the precision of the effect size estimate as well as the 

statistical power to detect effects. Done well, systematic reviews with or without meta-analysis provide 

evidence for practice and policy for such fields as health care,
5
 crime and justice, social welfare, and 

education.
6
 The utility of systematic reviews for informing practice and policy is predicated on the 

included studies being transparently reported, conducted so as to minimize risk of bias, and representing 

                                                      
3
S. M. Kassin et al., “On the ‘General Acceptance’ of Eyewitness Testimony Research: A New Survey of the 

Experts,” American Psychologist 56(5): 405–416 (2001). 
4
Kassin et al. also compared the reliability assessments of the 2001 survey to assessments from a similar 1989 

survey and noted that, for the seventeen propositions retested, there was a remarkable degree of consistency: “most 

experts saw as sufficiently reliable expert testimony on the wording of questions,” lineup instructions, attitudes and 

expectations, the accuracy-confidence correlation, the forgetting curve, exposure time, and unconscious 

transference. “There was less, if any, consensus on the effects of color perception in monochromatic light,” 

“observer training, high levels of stress, the accuracy of hypnotically refreshed testimony, and event violence.” 

Kassin et al. observed that two phenomena were seen as significantly more reliable than had been the case when the 

initial survey was conducted: weapon focus effect and hypnotic suggestibility effects. Ibid, 410. 
5
See the Cochrane Collaboration, available at: http://www.cochrane.org. 

6
See the Campbell Collaboration, available at: http://www.campbellcollaboration.org. 
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as complete a sample as possible of research conducted on the central question, including both published 

and unpublished studies. In turn, systematic reviews should specify inclusion criteria and data extraction 

procedures a priori, use independent and duplicate procedures for study selection and data extraction, 

rigorously evaluate potential biases in included studies, and interpret results of meta-analyses in terms 

that are useful to decision makers. Further, meta-analyses should not be conducted outside the context of 

systematic reviews. In short, both systematic reviews and the studies they include need to be transparent 

and reproducible in order to best inform practice and policy decisions about eyewitness identification. 

The committee examined quantitative reviews that covered decades of research on both estimator 

variables (exposure time,
7
 retention interval,

8
 stress,

9
 weapon focus,

10
 own-race bias,

11
 and own-age 

bias
12

) and system variables (identification test medium, i.e., live lineup versus photo array ,
13

 biased and 

unbiased lineup instructions,
14

 post-identification feedback,
15

 simultaneous versus sequential lineup 

presentation,
16

 target absent versus target present lineups,
17

 foil similarity,
18

 blinding,
19

 showup versus 

                                                      
7
B. H. Bornstein et al., “Effects of exposure time and cognitive operations on facial identification accuracy: A 

meta-analysis of two variables associated with initial memory strength,” Psychology, Crime and Law 18(5): 473–

490 (2012). 
8
K. A. Deffenbacher et al., “Forgetting the once-seen face: estimating the strength of an eyewitness’s memory 

representation,” Journal of Experimental Psychology: Applied 14(2): 139–150 (2008). 
9
K. A. Deffenbacher et al., “A meta-analytic review of the effects of high stress on eyewitness memory,” Law 

and Human Behavior 28(6): 687–706 (2004). 
10

J. M. Fawcett et al., “Of guns and geese: a meta-analytic review of the ‘weapon focus’ literature,” Psychology 

Crime & Law 19(1): 35–66 (2013). 
11

C. A. Meissner and J. C. Brigham, “Thirty years of investigating the own-race bias in memory for faces—A 

meta-analytic review,” Psychology, Public Policy, and Law 7(1): 3–35 (2001). 
12

M. G. Rhodes and J. S. Anastasi, “The Own-Age Bias in Face Recognition: A Meta-Analytic and Theoretical 

Review,” Psychological Bulletin 138(1): 146–174 (2012). 
13

B. L. Cutler et al., “Conceptual, practical, and empirical issues associated with eyewitness identification test 

media,” in Adult Eyewitness Testimony: Current Trends and Developments, ed. D. F. Ross (New York: Press 

Syndicate of the University of Cambridge, 1994): 163–181. 
14

S. E. Clark, “A re-examination of the effects of biased lineup instructions in eyewitness identification,” Law 

and Human Behavior 29(4): 395–424 (2005). S. E. Clark, “Costs and Benefits of Eyewitness Identification Reform: 

Psychological Science and Public Policy,” Perspectives on Psychological Science 7(3): 238–259 (2012). N. K. 

Steblay, “Social influence in eyewitness recall: A meta-analytic review of lineup instruction effects,” Law and 

Human Behavior 21(3): 283–97 (1997). N. K. Steblay et al., “The Eyewitness Post Identification Feedback Effect 15 

Years Later: Theoretical and Policy Implications,” Psychology, Public Policy, & Law 20(1): 1–18 (2014). 
15

S. E. Clark and R. D. Godfrey, “Eyewitness identification evidence and innocence risk,” Psychonomic 

Bulletin & Review 16(1): 22–42 (2009). A. B. Douglass and N. K. Steblay, “Memory distortion in eyewitnesses: A 

meta-analysis of the post-identification feedback effect,” Applied Cognitive Psychology 20(7): 859–869 (2006).  
16

S. E. Clark, “Costs and Benefits of Eyewitness Identification Reform: Psychological Science and Public 

Policy,” Perspectives on Psychological Science 7(3): 238–259 (2012). S. E. Clark et al., “Regularities in eyewitness 

identification,” Law and Human Behavior 32(3): 187–218 (2008). N. K. Steblay et al., “Eyewitness accuracy rates 

in sequential and simultaneous lineup presentations: A meta-analytic comparison,” Law and Human Behavior 25(5): 

459–473 (2001). N. K. Steblay et al., “Seventy-two Tests of the Sequential Lineup Superiority Effect: A Meta-

Analysis and Policy Discussion,” Psychology, Public Policy, and Law 17(1): 99–139 (2011). 
17

S. E. Clark, “A re-examination of the effects of biased lineup instructions in eyewitness identification,” Law 

and Human Behavior 29(4): 395–424 (2005). S. E. Clark et al., “Regularities in eyewitness identification,” Law and 

Human Behavior 32(3): 187–218 (2008). S. E. Clark and R. D. Godfrey, “Eyewitness identification evidence and 

innocence risk,” Psychonomic Bulletin & Review 16(1): 22–42 (2009). 
18

S. E. Clark, “Costs and Benefits of Eyewitness Identification Reform: Psychological Science and Public 

Policy,” Perspectives on Psychological Science 7(3): 238–259 (2012). S. E. Clark and R. D. Godfrey, “Eyewitness 

identification evidence and innocence risk,” Psychonomic Bulletin & Review 16(1): 22–42 (2009). S. E. Clark et al., 

“Regularities in eyewitness identification,” Law and Human Behavior 32(3): 187–218 (2008). R. J. Fitzgerald et al., 

“The Effect of Suspect-Filler Similarity on Eyewitness Identification Decisions: A Meta-Analysis,” Psychology, 
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lineup,
20

 prior mug shot exposure,
21

 verbal description and identification,
22

 and the Cognitive Interview
23

). 

Many of these quantitative reviews were published recently, with more than one-third of them published 

since 2010. However, none of the reviews met all current standards for conducting and reporting 

systematic reviews,
24

 and few met even a majority of these standards, making assessment of the 

credibility of their findings problematic.  

After examining the reviews, the committee concluded that the findings may be subject to 

unintended biases and the conclusions are less credible than was hoped. In many cases, the data from the 

studies being cited were not readily available or were not clearly presented. Nevertheless, these reviews 

were helpful in highlighting some of the issues associated with specific research questions and in 

identifying primary studies that might be both credible and important.  

 

RESEARCH STUDIES ON SYSTEM VARIABLES 
 

After its assessment of the systematic reviews and meta-analytic studies, the committee’s review 

focused on the most-studied system variables. We note that key system variables, such as lineup 

procedures (e.g. simultaneous vs. sequential lineups, blinded vs. non-blinded lineup administration) and 

the collection/use of witness confidence statements, can have a marked influence over the validity of 

eyewitness identifications. In the following section, we address one of the most important practical issues 

raised by this influence: What is the best way to evaluate the effects of system variables on the diagnostic 

accuracy of eyewitness reports and how might we use the results of such an evaluation to optimize the 

states of key system variables and thus maximize performance of an eyewitness? This question is, in 

principle, relevant to all system variables, but we address it first in the timely and controversial context of 

simultaneous vs. sequential lineup presentations and in the role of eyewitness confidence judgments in 

evaluation of identification performance. This examination of lineup procedures and confidence reports is 

followed by a brief discussion of the effects on eyewitness performance of another important system 

variable: the extent and content of communications between the witness and the larger community (law 

enforcement, legal defense, the press, family and friends). 

 

Evaluating Eyewitness Performance 
 

Perhaps the most important empirical question that can be asked about eyewitness identification is: 

How well do witnesses perform as a function of different system and estimator variables? For example, 

                                                                                                                                                                           
Public Policy, and Law 19(2): 151–164 (2013). S. L. Sporer et al., “Choosing, confidence, and accuracy: A meta-

analysis of the confidence-accuracy relation in eyewitness identification studies,” Psychological Bulletin 118(3): 

315–327 (1995). 
19

S. E. Clark, “Costs and Benefits of Eyewitness Identification Reform: Psychological Science and Public 

Policy,” Perspectives on Psychological Science 7(3): 238–259 (2012). 
20

S. E. Clark, “Costs and Benefits of Eyewitness Identification Reform: Psychological Science and Public 

Policy,” Perspectives on Psychological Science 7(3): 238–259 (2012). N. K. Steblay et al., “Eyewitness accuracy 

rates in police showup and lineup presentations: A meta-analytic comparison,” Law and Human Behavior 27(5): 

523–540 (2003). 
21

K. A. Deffenbacher et al., “Mugshot exposure effects: Retroactive interference, mugshot commitment, source 

confusion, and unconscious transference,” Law and Human Behavior 30(3): 287–307 (2006). 
22

C. A. Meissner et al., “A theoretical review and meta-analysis of the description-identification relationship in 

memory for faces,” European Journal of Cognitive Psychology 20(3): 414–455 (2008).  
23

A. Memon et al., “The Cognitive Interview: A meta-analytic review and study space analysis of the past 25 

years,” Psychology, Public Policy, and Law 16 (4): 340–372 (2010). 
24

 See, e.g., Institute of Medicine, Finding what works in health care: Standards for systematic reviews 

(Washington, D.C.: The National Academies Press, 2011); B. J. Shea et al., Development of AMSTAR: a 

measurement tool to assess the methodological quality of systematic reviews, BMC Medical Research Methodology 

2007, 7:10 doi:10.1186/1471-2288-7-10. 
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do factors such as the structure of a lineup, stress, or weapon focus affect the ability of a witness to 

provide reliable information? If so, what practices will yield the best performance? The issues are 

multifaceted, and the answers likely depend upon many factors. Given the complexity of these issues, the 

experimental literature to date has focused largely on one of the more tractable problems: How do 

different lineup identification procedures affect witness identifications. We will use this focus (and its 

eminent practical relevance) to illustrate how one might go about evaluating eyewitness performance 

generally. 

Most lineup identification procedures take one of two forms: simultaneous or sequential. In a 

simultaneous procedure, the witness views all individuals in the lineup at the same time, and either 

identifies one (or more) as the perpetrator, or reports that the person (s)he saw at the crime scene was not 

in the lineup. In a sequential procedure, the witness views individuals one at a time and reports whether or 

not each one is the person from the crime scene. Rigorous evaluation of eyewitness identification 

performance as a function of these two procedures requires a formal understanding of the task that the 

witness confronts, and it requires criteria for assessing the outcome.  

The task of a witness viewing a lineup is an example of what is known as a binary classification 

problem.
25

 Each eyewitness faces two possible (binary) states associated with each person in the lineup 

(guilt or innocence) and the witness must assign each person to one of two classes (guilty or innocent). 

For each decision, the witness can be correct or incorrect, yielding four possible outcomes: a correct 

classification as guilty (“hit”), an incorrect classification as guilty (“false alarm”), a correct classification 

as innocent (“correct rejection”), and an incorrect classification as innocent (“miss”). These outcomes are 

commonly presented in a contingency table
26

 (Table 5-1), and the frequencies in each part of that table are 

the raw data used to evaluate performance on a binary classification task, such as eyewitness 

identification.
27

 

 

 

TABLE 5-1 Contingency Table for Possible Eyewitness Identification Outcomes 

 

 
      SOURCE: Courtesy of Thomas D. Albright.    

                                                      
25

The binary classifier in this context is defined as the witness operating under a specific set of conditions, such 

as lineup procedures. 
26

Also termed “confusion matrix.” 
27

The prevalence or “base-rate” – the fraction of individuals in each category (guilty or innocent, in the 

eyewitness problem) in the population is also a factor that may come into play when evaluating binary classification 

performance. 
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There are many different performance measures that can be derived from data of this sort – indeed, 

the fields of statistical classification and machine learning are replete with tools for the evaluation of 

binary classifiers.
28

 The preferred measure will depend to a large degree upon the criteria one adopts for 

performance evaluation. 

Perhaps the simplest measure of binary classification performance is the ratio of hit rates (HR)
29

 to 

false alarm rates (FAR), i.e., HR/FAR. The magnitude of this measure, which is known in the eyewitness 

identification literature as the “diagnosticity ratio,”
30

 is proportional to the likelihood that a classification 

is correct, i.e., that the person identified as guilty is actually guilty. The diagnosticity ratio is appealing if 

the criterion that matters most is avoiding erroneous identifications.  

Not surprisingly, the diagnosticity ratio was adopted in early pioneering efforts to identify lineup 

conditions that would yield better witness identification performance.
31

 Most laboratory-based studies and 

meta-analyses of the effects of lineup procedures on eyewitness identification performance show that, 

with standard lineup instructions informing the witness that the perpetrator may or may not be present, the 

sequential procedure produces a higher diagnosticity ratio.
32

 That is, when considering only those cases in 

which a witness actually selects someone from a lineup, the ratio of correct to false identifications is 

commonly higher with the sequential than with the simultaneous procedure.
33

 

A higher diagnosticity ratio could result from a higher hit rate, a lower false alarm rate, or some 

combination of the two. Some early reports suggested that sequential procedures (relative to 

simultaneous) lead to fewer false alarms without changing the frequency of hits, which would result in a 

higher diagnosticity ratio.
34

 More recent laboratory-based studies and meta-analyses typically show that 

                                                      
28

See, e.g., T. Hastie, R. Tibshirani, and J.H. Friedman, The Elements of Statistical Learning: Data Mining, 

Inference, and Prediction (New York: Springer, 2009); A. Smola and S.V.N. Vishwanathan, Introduction to 

Machine Learning (Cambridge: Cambridge University Press, 2008). 
29

The “rate” associated with each cell of the contingency table is computed as the number of counts within that 

cell (e.g. number of people correctly classified as guilty) divided by the number of instances that are truly in that 

class (e.g. total number of guilty people being classified). Thus, hit rate (HR) = number of hits / (number of 

hits+number of misses), and false alarm rate (FAR) = number of false alarms / (number of false alarms+number of 

correct rejections). 
30

The “diagnosticity ratio” is also known in other disciplines by other names; e.g., “positive likeli-hood ratio” or 

“LR+ = Likelihood Ratio of a Positive Call;” see Peter Lee, Bayesian Statistics: An Introduction (Chichester: Wiley, 

2012), Sec 4.1. 
31

R. C. L. Lindsay and G. L. Wells, “Improving eyewitness identifications from lineups: Simultaneous versus 

sequential lineup presentation,” Journal of Applied Psychology, 70(3), 556–564 (1985). 
32

N. K. Steblay et al. “Eyewitness accuracy rates in sequential and simultaneous lineup pre-sentations: A meta-

analytic comparison,” Law and Human Behavior 25(5): 459-473 (2001). N.K. Steblay, et al., “Seventy-two Tests of 

the Sequential Lineup Superiority Effect: A Meta-Analysis and Policy Discussion,” Psychology, Public Policy, and 

Law 17(1): 99–139 (2011). S.D. Gronlund et al., “Robustness of the sequential lineup advantage,” Journal of 

Experimental Psychology: Applied, 15 (2): 140–152 (2009). S. D. Gronlund, J. T. Wixted, and L. Mickes, 

“Evaluating eyewitness identification procedures using ROC analysis,” Current Directions in Psychological Science 

23 (1): 3–10 (2014). 
33

But see C.A. Carlson, S.D. Gronlund, and S.E. Clark, “Lineup composition, suspect position, and the 

sequential lineup advantage,” Journal of Experimental Psychology-Applied 14(2): 118-128 (2008), for a 

counterexample. Also, Clark, Moreland and Gronlund have demonstrated that the accuracy advantage of sequential 

lineups as measured by diagnosticity ratios has decreased over time since the original report. Reanalysis of 

diagnosticity data for sequential studies showed slight, non-significant decreases in correct identification effects and 

increases in false identification effects, which together combine to produce a significant decrease in the advantage of 

sequential over simultaneous lineup methods. See S.E. Clark, M.B. Moreland, and S.D. Gronlund, “Evolution of the 

empirical and theoretical foundations of eyewitness identification reform,” Psychonomic Bulletin and Review 21(2): 

251–267 (2014). 
34

 R. C. L. Lindsay, “Applying applied research: Selling the sequential lineup,” Applied Cognitive Psychology 

13 (3): 219–225 (1999). G. L. Wells, S. M. Rydell, and E. P. Seelau, “The selection of distractors for eyewitness 

lineups,” Journal of Applied Psychology 78 (5): 835–844 (1993). 
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sequential procedures (relative to simultaneous) are associated with a somewhat reduced hit rate 

accompanied by a larger reduction in the false alarm rate, thereby resulting in diagnosticity ratios higher 

than those yielded by simultaneous procedures.
35

 In other words, when using a single diagnosticity ratio 

as a measure of eyewitness performance, the sequential procedure (relative to simultaneous) comes closer 

to satisfying the popular criterion that those identified as guilty are actually guilty. In light of these 

findings, many policy makers have advocated sequential procedures, and those procedures have been 

adopted by law enforcement in many jurisdictions. 

While policy decisions and practice have been influenced by the aforementioned studies, there are 

other criteria worthy of consideration when evaluating eyewitness performance. One alternative is 

revealed by asking why the diagnosticity ratio changes across lineup conditions. This question can be 

addressed given a plausible model of the mechanisms underlying human recognition memory. Most 

models of recognition memory are based on the idea that a cue (e.g., a face in a lineup) results in the 

retrieval of information stored in memory (see Chapter 4). When the retrieved information provides 

enough evidence to satisfy the observer, they make an identification – that is, they decide that the 

stimulus is “recognized.” Explicit in this model are two important parameters: the observer’s memory 

sensitivity (that is, the “discriminability” between the strength of memory evidence elicited by a 

previously encountered stimulus and that elicited by novel stimuli), and the degree of evidence that the 

observer requires to make an identification (“response criterion” or “bias”) (see Box 5-1).  

The first of these two parameters—discriminability—is important for evaluating eyewitness 

performance. It tells you whether a difference in performance under different task conditions reflects a 

true improvement in memory-based discrimination, i.e., an improvement in the strength of the observer’s 

retrieved memory evidence of the perpetrator. 

The fact that these two measures (the likelihood that an identified person is guilty vs. discriminability) 

do not assess the same thing is counterintuitive—a fact that has generated controversy in the field of 

eyewitness identification research.
36

 Intuitively, if sequential lineups yield a higher likelihood that an 

identified person is guilty (as quantified by a higher diagnosticity ratio), then it seems as if that procedure 

yields objectively better performance. The problem with this intuition is that it fails to take into account the 

second of the two parameters of recognition memory models—the response bias or degree of evidence that 

                                                      
35

 A recent field-based study comparing sequential to simultaneous procedures in a limited number of 

jurisdictions computed the diagnosticity ratio using filler identifications as the false alarm rate (because the 

innocence or guilt of the suspect is unknown in such situations) [G. L. Wells, N. K. Steblay, J. E. Dysart, “Double-

Blind Photo-Lineups Using Actual Eyewitnesses: An Experimental Test of a Sequential versus Simultaneous Lineup 

Procedure,” Law and Human Behavior, 15 June 2014, doi: 10.1037/lhb0000096.] When computed in this manner, 

the data revealed a modest diagnosticity ratio advantage for the sequential procedure. However, Amendola and 

Wixted re-analyzed a subset of the data for which proxy measures of ground truth were available [K. Amendola and 

J.T. Wixted, “Comparing the Diagnostic Accuracy of Suspect Identifications Made by Actual Eyewitnesses from 

Simultaneous and Sequential Lineups,” accepted by Journal of Experimental Criminology (2014).] Their analyses 

suggested that identification of innocent suspects is less likely and identification of guilty suspects is more likely 

when using the simultaneous procedures. While future field studies are needed, these latter findings raise the 

possibility that diagnosticity is higher for the simultaneous procedure. See also Clark, Moreland and Gronlund ,who 

report that published diagnosticity ratios have changed over time, reflecting a significant decrease in the advantage 

of sequential over simultaneous lineup procedures. [S.E. Clark, M.B. Moreland, and S.D. Gronlund, “Evolution of 

the empirical and theoretical foundations of eyewitness identification reform,” Psychonomic Bulletin and Review 

21(2): 251–267 (2014)]. 
36

 See, e.g., J. T. Wixted and L. Mickes, “The Field of Eyewitness Memory Should Abandon Probative Value 

and Embrace Receiver Operating Characteristic Analysis,” Perspectives on Psychological Science 7(3): 275-278 

(2012); S. E. Clark, “Costs and Benefits of Eyewitness Identification Reform: Psychological Science and Public 

Policy,” Perspectives on Psychological Science 7(3): 238–259 (2012); G. L. Wells, “Eyewitness Identification 

Probative Value, Criterion Shifts, and Policy Regarding the Sequential Lineup,” Current Directions in 

Psychological Science 23(1): 11–16 (2014); N. K. Steblay, et al. “Seventy-two Tests of the Sequential Lineup 

Superiority Effect: A Meta-Analysis and Policy Discussion,” Psychology Public Policy and Law 17(1): 99-139 
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the observer finds acceptable to make an identification. This parameter, which is distinct from 

discriminability, reflects the witness’ tendency to pick or not to pick someone from the lineup. If a witness 

sets a high bar for acceptable evidence—a conservative bias—then he/she will be unlikely to select anyone 

from the lineup (low pick frequency), meaning that they will have more misses (they’ll be more likely to fail 

to select the suspect because they are less likely to make a selection at all) and fewer false alarms.  

Conversely, if a witness sets a low bar for acceptable evidence—a liberal bias—then he/she will be 

more likely to make a selection from the lineup (a high pick frequency), meaning they will have more hits 

and will make more false identifications. Differences in pick frequency can, and generally do, lead to 

differences in the ratio of hit rates to false alarm rates; all else being equal, the diagnosticity ratio will be 

higher for a conservative bias than for a liberal bias.
37

 In other words, simply by inducing a witness to adopt 

a more conservative bias, it is possible to increase the likelihood that an identified person is actually guilty. 

Importantly, this may be true even if the procedure yields no better, or potentially worse, discriminability.
38

  
 

 

BOX 5-1 The Influences of Discriminability and Response Bias on Human Binary Classification Decisions 

 

All human decisions about the classification of objects based on memory—including a witness’ 

classifications of guilt or innocence for faces in a lineup, an individual’s decision as to whether a piece of luggage 

is his/her own, a botanist’s recognition of a specific type of fern, a radiologist’s detection of a tumor in a 

mammogram, or the determination of the sex of a newly-hatched chicken—can be distilled down to the influence 

of two factors that are rooted in causal models of recognition memory
a 
: the degree to which the relevant objects 

are discriminable by the decider (the decider’s sensitivity to the difference between them), and the decider’s 

criterion for making a decision (response bias, or the decider’s degree of specificity in making choices). There are, 

of course, many other variables that will affect the outcome, including levels of stress, attentional focus, potential 

rewards or expectations, but all of these are believed to exert their influence over memory-based classification 

decisions by affecting discriminability and/or response bias. 

To illustrate the distinction between discrimination and response bias as applied to a real-world decision 

problem, consider how an audiologist conducts a hearing test. In a hearing test, an individual might be asked to 

detect sounds along a continuum of loudness and to indicate when a sound is present. The audiologist wants to 

know how well someone can discriminate presence versus absence of a sound, but that assessment is complicated 

by the criterion people use when deciding to say that they heard a sound (response bias). Some people are hesitant 

to respond positively, saying “I hear it” only when they are absolutely certain (“conservative” responders). Others 

are more willing to respond positively, saying “I hear it” with less information and greater uncertainty (“liberal” 

responders). Those with a conservative bias are less likely to report hearing a sound in general, so they will have 

both fewer correct detections (“hits”) and fewer overt mistakes (“false alarms”). By contrast, those with a liberal 

bias are more likely to say that they heard a sound, so they will have more hits but also more false alarms. 

Importantly, this can occur even if the conservative and liberal responders do not differ in their ability to 

discriminate the presence from absence of sound. 

 
a
See, e.g., W.P. Banks, “Signal detection theory and human memory,” Psychological Bulletin 74(2): 81-99 (1970);  

J.P. Egan, Recognition memory and the operating characteristic (Bloomington: Indiana University Hearing and 

Communication Laboratory, 1958); D. M. Green and J. A. Swets, Signal Detection Theory and Psychophysics  

(New York: Wiley,1966). 

  

                                                      
37

The sole exception to this rule is the case in which classifications are made at chance level of performance, 

i.e., when the observer exhibits no ability to discriminate.  
38

L. Mickes, H.D. Flowe, and J. T. Wixted, “Receiver operating characteristic analysis of eyewitness memory: 

Comparing the diagnostic accuracy of simultaneous vs. sequential lineups,” Journal of Experimental Psychology: 

Applied 18 (4): 361–376 (2012). C. A. Meissner et al., “Eyewitness decisions in simultaneous and sequential 

lineups: A dual process signal detection theory analysis,” Memory and Cognition 33 (5): 783–792 (2005). M.A. 

Palmer and N. Brewer, “Sequential lineup presentation promotes less-biased criterion setting but does not improve 

discriminability,” Law and Human Behavior 36 (3): 247–255 (2012). 



Copyright © National Academy of Sciences. All rights reserved.

Identifying the Culprit:  Assessing Eyewitness Identification

PREPUBLICATON COPY – UNEDITED PROOFS 

57 

Despite its merits, a single diagnosticy ratio thus conflates the influences of discriminability and 

response bias on binary classification, which muddies the determination of which procedure, if any, yields 

objectively better discriminability in eyewitness performance. To overcome this problem, some 

investigators have recently adopted a technique from signal detection theory,
39

 which distinguishes the 

relative influences of discriminability and bias on binary classification. This technique involves analysis 

of Receiver Operating Characteristics (see Box 5-2). ROC analysis has been used extensively in multiple 

contexts of human decision-making, notably in basic research on visual perception and memory and 

applied studies of medical diagnostic procedures.
40

 In essence, ROC analysis examines diagnosticity 

ratios integrated over different response biases. This approach to eyewitness research has been promoted 

based on the claim that it can enable lineup procedures to be evaluated by their effect on discrimination, 

separate from response bias, and—importantly—because the dimensions of analysis (discriminability and 

response bias) correspond to the mechanistic parameters of causal models of human recognition memory. 

Use of ROC analysis to evaluate eyewitness performance requires calculating the diagnosticity ratio 

for different response bias conditions (see Box 5-2). Using expressed confidence level (ECL) as a proxy 

for response bias (see below), a small set of recent studies using ROC analysis has reported that 

discriminability (area under the ROC curve) for simultaneous lineups is as high, or higher, than that for 

sequential lineups.
41

 In other words, when eyewitness identification performance is evaluated based on a 

criterion of bias-free discriminability, the results differ from those based on a single diagnosticity ratio, 

and they do so because the latter fails to account for response bias.  

Looking broadly at the many empirical studies that have used a single diagnosticity ratio to evaluate 

eyewitness performance, as well as the more recent findings using ROC analysis, it appears that the 

practical advantage of one lineup procedure over another depends to a large degree upon the performance 

criterion that one adopts. From the perspective of many, the ideal lineup procedure would elicit a 

conservative bias (thus reducing false identifications) and high discriminability (that is, optimizing 

memory sensitivity). If there exists no discriminability advantage for one lineup procedure over another,
42

 

then eyewitness performance may benefit from any procedure (such as sequential) that elicits a more 

conservative response bias.
43

 But one can only make that judgment after having applied an empirical test 
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D. M. Green and J. A. Swets, Signal Detection Theory and Psychophysics (New York: Wiley,1966); D. 

McNicol, A Primer of Signal Detection Theory (London: George Allen & Unwin, 1972). 
40

J. A.Swets, “ROC Analysis Applied to the Evaluation of Medical Imaging Techniques,” Investigative 

Radiology 14 (2): 109–121 (1979). 
41

 L. Mickes, H. D. Flowe, and J. T. Wixted, “Receiver operating characteristic analysis of eyewitness memory: 

Comparing the diagnostic accuracy of simultaneous and sequential lineups,” Journal of Experimental Psychology: 

Applied 18 (4): 361–376 (2012). C. A. Carlson and M. A. Carlson, “An evaluation of lineup presentation, weapon 

presence, and a distinctive feature using ROC analysis,” Journal of Applied Research in Memory and Cognition 

3(2): 45–53 (2014). D. G. Dobolyi and C. S. Dodson, “Eyewitness confidence in simultaneous and sequential 

lineups: a criterion shift account for sequential mistaken identification overconfidence,” Journal of Experimental 

Psychology: Applied 19 (4): 345–357 (2013). S. D. Gronlund et al., “Showups versus lineups: An evaluation using 

ROC analysis,” Journal of Applied Research in Memory and Cognition 1 (4): 221–228 (2012).  
42

The committee notes that some of the few recent reports using ROC analysis indeed claim improved 

discriminability for simultaneous lineup conditions, but the reported discriminability improvements are small.  
43

In reality, a more conservative bias may not always be beneficial, and whether it is or not depends upon a 

number of factors that have an impact distinct from diagnostic accuracy and are difficult to quantify. All else being 

equal, the “best” response bias (HR/FAR) will be one that maximizes the “expected value” of the outcome [D. M. 

Green and J. A. Swets, Signal Detection Theory and Psychophysics (New York: Wiley, 1966). J.A.Swets, “ROC 

Analysis Applied to the Evaluation of Medical Imaging Techniques,” Investigative Radiology 14 (2): 109–112 

(1979)]. For the problem of eyewitness identification, the response bias that maximizes expected value can be 

computed from the prevalence of guilty suspects in lineups and from societal values or costs associated with each of 

the possible eyewitness decisions (errors and correct assignments). Reliable data on prevalence are difficult to come 

by, and value/cost quantities are difficult to assign and likely to vary significantly across crimes and cultures. One 

can nonetheless gain an intuition for how these factors might define the best response bias conditions. Consider, for 
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to determine whether one or another procedure offers a discriminability advantage. Future research should 

also explore the possibility that other methods of inducing a conservative response bias (such as verbal 

instructions to the witness to be cautious in making an identification) might be combined with procedures 

that improve discriminability, in order to optimize eyewitness identification performance. 

 

 

BOX 5-2 Analysis of Receiver Operating Characteristics (ROC) 
 

Binary classification decisions by human observers are affected by both discriminability (the observer’s 

sensitivity to the difference between target and non-targets) and response bias (the observer’s degree of specificity 

in making a response). Analysis of Receiver Operating Characteristics (ROC) is a method from signal detection 

theory that enables one to distinguish the relative influences of discriminability and response bias on binary 

classification decisions. ROC analysis is performed by plotting the frequency of decisions that are hits (correctly 

detecting a target) vs. the frequency of decisions that are false alarms (incorrectly classifying a non-target as a 

target). 

 

 

FIGURE 5-1 Receiver Operating Characteristic (ROC) Curve  

SOURCE: Courtesy of Thomas D. Albright. 
 

The positive diagonal in an ROC plot corresponds to response bias, moving from high specificity at the  

lower left corner [no detection of targets (hit rate = 0) and no incorrect attribution of non-targets as targets (false 

alarm rate = 0)], to low specificity at the upper right corner [all targets detected (hit rate = 1.0) and all non-targets 

attributed as targets (false alarm rate = 1.0)]. Because all points along this positive diagonal reflect equal ratios of 

hits to false alarms, they vary in response bias (i.e., the frequency of lineup picks, or “pick frequency”), but they 

 

(Continued) 

    

                                                                                                                                                                           
example, the consequences of decreasing the prevalence of guilty suspects in lineups. In this case, expected value 

can be maximized by inducing a conservative bias – i.e., if innocence is a priori likely, then there is value gained by 

being more selective in your response. Similarly, the optimal response bias will depend upon normative costs 

associated with different types of eyewitness errors. Generally speaking, if a society places greater emphasis on not 

identifying the innocent, relative to failing to identify the guilty, then expected value can be increased by inducing a 

more conservative response bias. But the opposite would be true if there were greater societal pressures for 

identifying the guilty, relative to protecting the innocent. Importantly, although an understanding of the relationship 

between response bias and expected value is important, expected value in this case has little to do with the 

diagnostic accuracy of an eyewitness report. But it does nonetheless bear on decisions about which lineup procedure 

should be employed. 
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BOX 5-2 Continued 

 

do not manifest differences in discriminability. The negative diagonal in an ROC plot corresponds, by contrast, to 

discriminability, moving from chance discriminability at the intersection with the positive diagonal, where hits 

and false alarms are equally likely, to the highest discriminability in the upper left corner, where all targets are 

detected (hit rate = 1.0), but no non-targets are attributed as targets (false alarm rate = 0). 

To see how measured hit and false alarm rates vary over different conditions of discriminability and response 

bias in laboratory experiments, one can manipulate or estimate these conditions and record a diagnosticity ratio 

(HR/FAR) for each condition. The typical result is a set of diagnosticity ratios that, when plotted in the ROC 

space (represented by the dots in above figure), form a curve spanning from lower left to upper right. The extent 

to which that curve deviates (bows above and away) from the positive diagonal is a quantitative measure of 

discriminability (assessed as the area under the curve) for which response bias has been factored out. 

ROC analysis has been used extensively in basic and applied research on recognition memory. In these 

experiments, response bias is sometimes manipulated explicitly by encouraging observers to be more or less 

selective in their responses. Frequently, however, “expressed confidence level” (ECL)—the confidence that an 

observer holds in his/her classification—is used as a proxy for response bias, based on the assumption that more 

confident observers are likely to be more specific (conservative) in their responses, whereas less confident 

observers are likely to be less specific (liberal) in their responses. 

 

 

Perhaps the greatest practical benefit of recent debate over the utility of different lineup procedures 

is that it has opened the door to a broader consideration of methods for evaluating and enhancing 

eyewitness identification performance. ROC analysis is a positive and promising step, with numerous 

advantages. For example, the area under the ROC curve is a single-number index of discriminability. 

Moreover, this index reflects a parameter-free approach to binary classification performance; the outcome 

is entirely data-dependent and thus identical across all users drawing from the same data set.
44

 Most 

importantly for its application to the problem of evaluating eyewitness performance, the ROC approach 

possesses a distinct advantage because the dimensions of analysis – discriminability and response bias – 

map directly onto the mechanistic parameters of causal models of human recognition memory (see 

Chapter 4). In other words, the approach affords insight into and quantification of the sensory and 

cognitive processes that are believed to underlie memory-based classification decisions (see Box 5-1), 

such as eyewitness identifications.  

Despite these merits, as a general statistical procedure for evaluation of binary classification 

performance, and as a tool for evaluation of eyewitness performance, the ROC approach has some well-

documented quantitative shortcomings. For example, ROC analysis depends on the ability to manipulate 

response bias or to estimate it from some other variable, and in the case of eyewitness identification that 

ability has been the subject of some debate. Recent studies have used expressed confidence level (ECL) – 

a measure of a witness’ confidence in his/her selection – as a proxy for response bias,
45

 based on the 

common-sense logic that a witness who has high confidence in their lineup selection should manifest a 

more conservative response bias than a witness who selected someone from the lineup despite lacking 

confidence in that selection (i.e., someone who made a selection even though they were not certain – a 

                                                      
44

D. M. Green and J. A. Swets, Signal Detection Theory and Psychophysics (New York: Wiley,1966). D.J. 

Hand, “Measuring classifier performance: A coherent alternative to the area under the ROC curve,” Machine 

Learning 77, 103–123 (2009). 
45

See, e.g., N. Brewer and G. L. Wells, “The confidence-accuracy relationship in eyewitness identification: 

Effects of lineup instructions, foil similarity, and target-absent base rates,” Journal of Experimental Psychology: 

Applied 12(1): 11–30 (2012); L. Mickes, H. D. Flowe, and J. T. Wixted, “Receiver operating characteristic analysis 

of eyewitness memory: Comparing the diagnostic accuracy of simultaneous and sequential lineups,” Journal of 

Experimental Psychology: Applied 18 (4): 361–376 (2012); C.A. Carlson and M.A. Carlson, “An evaluation of 

lineup presentation, weapon presence, and a distinctive feature using ROC analysis,” Journal of Applied Research in 

Memory and Cognition 3(2): 45–53 (2014). 
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liberal response bias). This proxy relationship is inherently noisy within individuals, and the noisy 

relationship is exacerbated by the fact that the eyewitness identification ROC is population-based; 

individual data points are obtained from different people who may scale their confidence reports 

differently.
46

 On the other hand, it is empirically clear that, when scaled appropriately (within and across 

individuals), different levels of expressed confidence do, in fact, correspond to different pick frequencies 

and response biases.
47

  

An additional prerequisite for the use of ECL as a measure of response bias is that an orderly 

relationship exists between confidence and accuracy – that witnesses expressing greater confidence are 

more likely to be accurate in their identifications. Although this hypothesis conforms to intuition,
48

 the 

existence of a significant confidence-accuracy relationship has been challenged repeatedly over the 

years
49

 Recent evidence, however, suggests ways of improving the confidence-accuracy relationship (and 

obtaining more reliable measurements of it).
50

 While the ECL measure thus has potential, more research 

                                                      
46

ECL is affected by over-confidence and under-confidence at the individual level, and the current 

implementation of the ROC approach, combining results across subjects, does not build this measurement error into 

the analysis or the comparison of empirical ROC curves. See Appendix C. 
47

See, e.g., Table 1 of  L. Mickes, H. D. Flowe, and J. T. Wixted, “Receiver operating characteristic analysis of 

eyewitness memory: Comparing the diagnostic accuracy of simultaneous and sequential lineups,” Journal of 

Experimental Psychology: Applied 18 (4): 361–376 (2012),which summarizes confidence ratings, hit rates, false 

alarm rates, and diagnosticity ratios (HR/FAR) derived from data published by N. Brewer and G. L. Wells, “The 

confidence-accuracy relationship in eyewitness identification: Effects of lineup instructions, foil similarity, and 

target-absent base rates,” Journal of Experimental Psychology: Applied 12(1): 11–30 (2006), who employed a 

“confidence calibration” technique to normalize scaling of expressed confidence across witnesses. Both hit rates and 

false alarm rates declined steeply—implying an increasingly conservative response bias—as confidence levels 

increased. Diagnosticity ratios increased monotonically with increasing confidence. An identical pattern can be seen 

in Table 3 of  L. Mickes, H. D. Flowe, and J. T. Wixted, “Receiver operating characteristic analysis of eyewitness 

memory: Comparing the diagnostic accuracy of simultaneous and sequential lineups,” Journal of Experimental 

Psychology: Applied 18 (4): 361–376 (2012), which summarizes data from their own experiments. See also H. L. 

Roediger III, J. T. Wixted, and K. A. DeSoto, “The curious complexity between confidence and accuracy in reports 

from memory,” in Memory and Law, ed. L. Nadel and W. Sinnott-Armstrong (Oxford: Oxford University Press, 

2012), 97. 
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behavior?,” Law and Human Behavior 6: 15-30 (1982). G. L. Wells, T. J. Ferguson, and R. C. L. Lindsay, “The 

tractability of eyewitness confidence and its implication for triers of fact,” Journal of Applied Psychology 66: 688-

696 (1981). 
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G. L. Wells and D. M. Murray, “Eyewitness confidence,” in Eyewitness Testimony: Psychological 

Perspectives, ed. G. L. Wells and E. F. Loftus (New York: Cambridge University Press, 1984). B. L. Cutler and S. 
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on this and other possible methods of estimating or controlling response bias is warranted to support 

efforts to extract a bias-free measure of discriminability. 

Another technical concern raised by the use of ROC analysis to evaluate eyewitness identification 

performance is that it relies on a partial, rather than full, area under the ROC curve measure (see Box 5.2) 

as an index of discriminability that is separate from response bias. This is necessitated by the fact that the 

highest false alarm rates in eyewitness identification data are commonly well below 1.0, even under the 

most liberal response bias conditions.
51

 In practice, partial area under the curve is computed by truncating 

the ROC curve at the highest false alarm rate obtained. Because the standard error of the partial area 

under the curve measure depends upon the degree of truncation, accuracy of this discriminability measure 

can easily vary across conditions and across studies, making the interpretation difficult.
52

 

While ROC analysis has many recognized merits for the evaluation of binary classification, the 

residual concerns associated with its typical use for evaluating eyewitness performance merit 

consideration of other statistical approaches to this problem. As noted above, many methods have been 

proposed – and adopted in specific applications – for evaluation of binary classification performance.
53

 

The committee knows of no instance in which any of these alternative methods has been applied to the 

problem of eyewitness identification. Moreover, because they have not been vetted, the committee is not 

in a position to endorse any specific statistical tool, but the committee encourages a general exploration of 

these alternatives. These alternatives may have their own share of unforeseen problems, and/or the 

performance criteria employed by them may bear no meaningful relationship to the sensory and cognitive 

processes involved in eyewitness identification. Nonetheless, some of these methods may provide greater 

insight into the factors that affect eyewitness identification performance and may, in turn, suggest ways of 

improving performance. To illustrate this opportunity by example, we consider the following 

possibilities: 

It has been argued that a basic weakness of the existing ROC approach to binary classification 

performance results from the fact that, in principle (and in practice under certain commonly unrecognized 

conditions), the area under the ROC curve is dependent on imprecise assumptions about the costs of 

classification errors across different classification conditions.
54

 One might suppose, for example, that the 

cost of a miss for a crime of murder is greater than the cost of a miss for a stolen car. But without a 
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Along the same lines, accuracy of discriminability measures derived from ROC studies may be called into 

question when those studies do not take into account uncertainty in the data used to construct the ROC curves; see 

Appendix C. An argument has also been made that the area under the ROC curve can be a flawed metric for 

comparing binary classification conditions when the costs of classification errors are not precisely known and are 

different for different conditions (D. J. Hand, “Measuring classifier performance: A coherent alternative to the area 

under the ROC curve,” Machine Learning 77, 103–123 [2009]). The costs of classification errors may be similar 

across some lineup comparisons and across some conditions of other systems variables, and for others they may be 

different. But for the most part they not precisely known and this is thus a topic that deserves greater attention given 

the growing use of ROC-based evaluation of eyewitness identification performance. 
53

Numerous methods for the evaluation of binary classifiers have been developed and applied in the field of 

machine learning, which seeks to optimize autonomous classification devices (such as, for example, the fingerprint 

lock access control on your smart phone, which must quickly and reliably distinguish your finger from that of 

another). This field has a long and rich history and candidate methods are summarized in several texts on statistical 

classification and machine learning, such as Hastie, Tibshirani, and Friedman, The Elements of Statistical Learning, 

Springer, 2
nd

 ed; A. Smola and S.V.N. Vishwanathan, Introduction to Machine Learning (Cambridge: Cambridge 

University Press, 2009). 
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See D. J. Hand, “Measuring classifier performance: A coherent alternative to the area under the ROC curve,” 

Machine Learning 77, 103–123 (2009). 
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precise understanding of these relative decision costs, the area under the ROC curve measure can be 

incoherent, in that it depends as much on the classification conditions as it does on the sensitivity of the 

classifier. An alternative method has been proposed to address this problem—derivation of the “H 

measure”
55

—that enables the performance of binary classifiers to be compared using a common metric 

that is independent of the cost distributions for different types of classification errors. The committee 

supports exploration of this alternative. 

Another avenue for exploration emerges from the fact that the literature evaluating eyewitness 

identification performance has focused exclusively on the positive predictive value (PPV) of a witness’ 

classification as guilty. For a given response bias, PPV is related to the diagnosticity ratio, in that, given 

equal prevalence of the culprit in two conditions (e.g. lineup procedures) being compared, a higher 

diagnosticity ratio leads to a higher PPV. As discussed above, the diagnosticity ratio is a critical piece of 

information in efforts to evaluate eyewitness performance. As for any binary classification, however, 

there is also information associated with a negative response, which is the predictive value of a 

classifier’s assertion that a target is not present (in the eyewitness case, the witness’ assertion of 

innocence). This negative predictive value (NPV) is related to a different ratio of decisions, namely  

(1-HR)/(1-FAR)
56

, in that, given equal prevalence of the target in the two procedures being compared, 

higher values of this ratio correspond to higher values of NPV. 

While NPV is commonly used to evaluate the accuracy of human classification decisions, such as in 

medical diagnosis, and is a source of information that may similarly be of additional value in efforts to 

evaluate lineup procedures, it has been largely neglected in the field of eyewitness identification.
57

 One 

might hold the intuition that PPV and NPV are monotonically related to one another – believing that the 

likelihood that the witness will correctly identify the culprit is proportional to the likelihood that the 

witness will correctly identify lineup candidates as innocent – and thus conclude that evaluation of PPV 

alone is sufficient. Contrary to that intuition, however, evidence from studies of analogous binary 

classification problems reveals that these two predictive probabilities can vary with respect to one another 

in complex ways.
58

 

In practice, NPV-related measures (quantified as negative likelihood ratios) can be subjected to 

ROC analysis, to account for the effects of response bias, in the same manner as PPV-related measures 

(quantified as positive likelihood ratios, i.e., diagnosticity ratios) – the ROC axes in the NPV case 

corresponding to 1-HR and 1-FAR. Consideration of NPV and its relationship to PPV, by this and other 

means,
59

 may provide additional insight into the ways in which estimator and system variables, such as 

lineup procedures, influence eyewitness identification performance. 

In sum, a formal understanding of the task facing an eyewitness, in conjunction with an appreciation 

of causal models of human recognition memory, has led to a potentially more comprehensive method—

                                                      
55

Ibid. 
56

The reciprocal of this ratio is called the “negative likelihood ratio.” See, e.g., T. Hoffmann, S. Bennett, and  

C. del Mar, Evidence-Based Practice Across the Health Professionals (Chatswood: Elsevier Australia, 2009). 
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been on incorrect assertions of guilt (i.e., false identifications) rather than incorrect assertions of innocence. There 

are normative values in society that reinforce this concern – by William Blackstone’s maxim, “Better that ten guilty 

persons escape than that one innocent suffer.”  
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the positive and negative predictive values,” Philosophical Transactions, Series A, Mathematical, Physical and 
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ROC analysis—for evaluating eyewitness identification performance. Despite these advances, it is 

important that practitioners in this field broadly explore the large and rich field of statistical tools for 

evaluation of binary classifiers. While the committee recognizes that these tools are uninvestigated for 

this application and may possess their own share of unforeseen problems or disadvantages, a move in this 

direction may be of great value for improving the validity of eyewitness identification. 

 

Interactions with Eyewitnesses (Feedback) 

 

The nature of law enforcement interactions with the eyewitness before, during, and after the 

identification plays a role in the accuracy of eyewitness identifications and in the confidence expressed in 

the accuracy of those identifications by witnesses.
60

 Law enforcement’s maintenance of neutral pre-

identification communications—relative to the identification of a suspect—is seen as vital to ensuring that 

the eyewitness is not subjected to conscious or unconscious verbal or behavioral cues that could influence 

the eyewitness’ identification
61

 (see Box 2-1). If a witness happened to overhear an officer say, “We’ve 

got him, but before we finalize the arrest, let’s have the witness confirm it,” the witness might be biased 

to confirm the suspect’s identity in a showup. Furthermore, some types of law enforcement 

communication with a witness after the witness has made an identification (e.g., “Good work! You picked 

the right guy…”) can increase confidence in an identification, regardless of whether the identification is 

correct.
62

 

As discussed in Chapter 2, use of “blinded” or “doubl-blind” lineup identification procedures is an 

effective strategy for reducing the likelihood that a witness will be exposed to cues from interactions with 

law enforcement (such as feedback) that could influence identifications and/or confidence in those 

identifications.  More generally, efforts to maintain objectivity and eliminate potentially informative 

communication will help ensure that eyewitness reports are not contaminated by knowledge or opinions 

held by others. 

 

RESEARCH STUDIES ON ESTIMATOR VARIABLES 

 

The impact of estimator variables on eyewitness accuracy is harder to measure in the field than the 

impact of system variables.
63

 Consequently, estimator variables have been studied nearly exclusively in 

laboratory settings. The committee’s review revealed the need for further empirical research in individual 

studies and systematic reviews of research on these factors.  

The committee’s review focused on the most-studied estimator variables: weapon focus, stress and 

fear, own-race bias, exposure, and retention interval. It is important to emphasize, however, that 

numerous other estimator variables may affect both the reliability and the accuracy of eyewitness 

identifications. Research has shown that the physical distance between the witness and the perpetrator is 

an important estimator variable, as it directly affects the ability of the eyewitness to discern visual 
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details,
64

 including features of the perpetrator
65

 (see discussion of vision in Chapter 4). Research has also 

shown that an appearance change can greatly diminish the ability of the eyewitness’ ability to recognize 

the perpetrator; the eyewitness’ ability to recognize faces of one’s own age group is often superior to 

memory for faces of another age group (own-age bias); and if an eyewitness hears information or 

misinformation from another person before law enforcement involvement, his or her recollection of the 

event and confidence in the identification can be altered (co-witness contamination).
66

 Interactions 

between and among these variables have not been addressed systematically by researchers. 

 

Weapon Focus 

 

The presence of an unusual object at the scene of a crime can impair visual perception and memory 

of key features of the crime event. Research suggests that the presence of a weapon at the scene of a 

crime captures the visual attention of the witness and impedes the ability of the witness to attend to other 

important features of the visual scene, such as the face of the perpetrator (see also discussion of visual 

attention in Chapter 4). The ensuing lack of memory of these other key features may impair recognition of 

a perpetrator in a subsequent lineup.  

A 1992 analysis of weapon focus studies found that the presence of a weapon reduced both 

identification accuracy and feature accuracy (e.g., the eyewitness’ ability to recall clothing, facial  

features, and more).
67

 A more recent analysis of the weapon focus literature concluded that the presence 

of a weapon has an inconsistent effect on identification accuracy, in that larger effect sizes were observed 

in threatening scenarios than in non-threatening ones.
68

 As the retention interval increased, the weapon 

focus effect size decreased. The analysis further shows that the effect of a weapon on accuracy is slight in 

actual crimes, slightly larger in laboratory studies, and largest for simulations.  

One possible cause of the inconsistent effects of the presence of a weapon is suggested by a recent 

laboratory-based study
69

 that exposed participants to crime videos.  These investigators used ROC 

analysis to investigate discriminability as a function of (1) sequential versus simultaneous lineups; (2) the 

presence of a weapon; and (3) the presence of a distinctive facial feature. The findings regarding lineup 

procedure (sequential versus simultaneous) are reported above.  Importantly for the present discussion, 

discriminability was reduced when the perpetrator possessed a weapon, but only when no distinctive 

facial feature was present.  This interaction between weapon focus and distinctive feature highlights the 

importance of exploring the effects of interactions between different estimator variables on eyewitness 

identification performance. 

Additional questions remain as to what is the cause of reduced eyewitness performance in cases 

where a weapon is present. Is the effect caused by a diversion of selective attention, as is suggested by 

basic research on the phenomenon of inattentional blindness (see Chapter 4)?  Is stress a significant 

factor, i.e., does anxiety cause the witness to focus less on the features of a person’s face?  To what extent 
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is the prominence of the issue an artifact of the particular studies included in the meta-analysis?   Is it 

possible, for example, that the magnitude of the weapon effect depends upon the whether the data are 

collected in a laboratory setting versus the real world.  To this latter point, some analyses of weapon focus 

have been conducted using archival records of actual crimes involving weapons. Unfortunately, such 

efforts often encounter serious methodological difficulties, which include a lack of information about the 

crime (e.g., exposure duration) and the general lack of “ground truth” regarding accuracy of any 

identification.  

Some analyses of weapon focus have been conducted using archival records of crimes involving 

weapons.
70 

Such efforts often encounter serious methodological difficulties that include a lack of 

information about the crime (e.g., exposure duration) and the general lack of “ground truth” regarding 

accuracy of any identification, among other problems.  

 

Stress and Fear 

 

High levels of stress or fear can affect eyewitness identification.
71,72,73

 This finding is not surprising, 

given the known effects of fear and stress on vision and memory (see Chapter 4). Under conditions of 

high stress, a witness’ ability to identify key characteristics of an individual’s face (e.g., hair length, hair 

color, eye color, shape of face, presence of facial hair) may be significantly impaired.
74

  

In the particular case of weapon focus, it may not be possible to sufficiently test the effects of stress 

and heightened stress in the laboratory because of limitations on human participant research that uses 

realistic and heightened threats. A meta-analysis of the effect of high stress on eyewitness memory 

nonetheless found some support for the notion that stress impairs both eyewitness recall and identification 

accuracy.
75

 The study authors noted that lineup type “moderated the effect of heightened stress on the 

false alarm rate.”
76

 They also suggested that the modest effect of stress may be caused by the fact that the 

analysis included many studies that involved modest stress-induction.
77

 

Earlier studies were more mixed but with clearer results at “high levels of cognitive anxiety.”
78

 The 

findings of an earlier study
79

 “provide a concrete illustration of catastrophic decline” of eyewitness 
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identification performance at high anxiety levels. The correct identification rate went from 75% for those 

with low-state anxiety to 18% rate for those with high-state anxiety.
80

 

The effects of suggestion and estimator variables may be particularly important when the original 

memory is of a highly stressful event. A recent study looked at more than 850 active-duty military 

personnel participating in a mock POW camp phase of U.S. military survival school training, which 

included aggressive interrogation and physical isolation-related stress.
81

 The study found that 

misinformative details of the interrogation event (e.g., regarding the identity of the interrogator), which 

were introduced after the event had been encoded into long-term memory, affected identification 

accuracy. The study also found that memories acquired during stressful events are highly vulnerable to 

modification by exposure to post-event misinformation, even in individuals whose level of training and 

experience might be considered relatively immune to such influences. 

Another recent study comparing the eyewitness accuracy of officers and citizens, concentrated on 

the effects of stress and weapon focus.
82

 The results of this study showed that officers were less stressed 

and aroused than citizens, but that both police and citizens made more errors when a weapon was inferred 

or present.  

 

Own-Race Bias 

 

The race and ethnicity of a witness as it relates to that of the perpetrator is another important 

estimator variable. In eyewitness identification, own-race bias describes the phenomenon in which faces 

of people of races different from that of the eyewitness are harder to discriminate (and thus harder to 

identify accurately) than are faces of people of the same race as the eyewitness.
83

 In the laboratory, this 

effect is manifested by higher hit rates and lower false alarm rates (higher diagnosticity ratio) in the 

recognition of an observer’s own race relative to hits and false-alarms for recognition of other-races.
84

 

Own-race bias occurs in both visual discrimination and memory tasks, in laboratory and field studies, and 

across a range of races, ethnicities, and ages. Recent analyses revealed that cross-racial (mis)identification 

was present in 42 percent of the cases in which an erroneous eyewitness identification was made.
85

 

A recent meta-analysis of own-race bias found an interaction between own-race bias and the 

duration of viewing exposure: reducing the amount of time allowed for viewing of each face significantly 

increased the magnitude of the bias, largely manifested as an increase in the proportion of false alarm 

responses to other-race faces.
86

 Own-race bias also interacts with the memory retention interval; cross-

race errors of identification were greater when there were longer periods of time between the initial 

exposure and the memory retrieval.
87

 A recent study found that “context reinstatement,” wherein a 
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researcher asks an individual to mentally re-create the context in which an incident occurred, failed to 

influence the identification of other-race faces.
88

 

Although the existence of own-race bias is generally accepted, the causes for this effect are not fully 

understood. Some possible explanations are rooted in in-group/out-group models of human behavior (e.g., 

favoritism in which decisions regarding members of one’s own “group” are regarded as having greater 

importance than decisions regarding members of a different “group”), and differential perceptual 

expertise that results from different degrees of exposure to and familiarity with same versus other races. 

 Recent work has examined the role that stereotyping might play.
89

 One study suggests that, in 

general, cross-race identification is further impaired when faces are presented in a group (as opposed to 

one at a time).
90

 Additional research is needed to identify procedures that may help estimate the degree of 

own-race biases in individual eyewitnesses following an identification procedure.Until the scientific basis 

for these effects is better understood, great care may be warranted when constructing lineups in instances 

where the race of the suspect differs from that of the eyewitness.  

 

Exposure Duration 
 

Eyewitness identification researchers have long believed that exposure duration (e.g., time spent 

observing a perpetrator’s face during a crime) is correlated with greater accuracy of eyewitness 

identification. The courts also have assumed that exposure duration has an effect on identification 

accuracy.
91

 Meta-analyses on the effects of exposure time have found that relatively long exposure 

durations produce greater accuracy
92

 and a larger and more stable effect size for exposure duration on 

eyewitness identification accuracy.
93

 Longer exposures were associated with higher rates of correct 

identifications and lower false alarm rates. Exposure duration may affect, or interact with, other variables, 

including own-race bias and the confidence–accuracy relationship assessed immediately after the lineup 

decision.
94

 

The findings and conclusions from eyewitness identification studies of exposure duration are in 

keeping with much of the basic research on visual system function (reviewed in Chapter 4). This basic 
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research indicates that the additional information available from longer viewing times reduces uncertainty 

and enables better detection and discrimination of visual stimuli.  

 

Retention Interval 
 

Retention interval, or the amount of time that passes from the initial observation and encoding of a 

memory to a future time when the initial observation must be recalled from memory, can affect 

identification accuracy. Laboratory studies have demonstrated that stored memories are more likely to be 

forgotten with the increasing passage of time and can easily become “enhanced” or distorted by events that 

take place during this retention interval (see discussion of memory in Chapter 4). The amount of time 

between viewing a crime and the subsequent identification procedure can be expected to similarly affect the 

accuracy of the eyewitness identification, either independently or in combination with other variables.
95

  

It is difficult to specify the precise relationship between retention interval and the accuracy of 

eyewitness identification testimony, and to estimate when a lengthy retention interval will significantly 

impair the accuracy of identification. Although, in general, it appears that longer retention intervals are 

associated with poorer eyewitness identification performance, the strength of this association appears to 

vary greatly across the circumstances of the initial encounter, identification procedures, and research 

methodologies.
96

 A meta-analysis of published facial recognition and eyewitness identification studies 

found, for example, that an increase in the retention interval was associated with a decreased probability 

of an accurate identification of a previously seen but otherwise unfamiliar face.
97

 This same study also 

found that the rate of forgetting for an unfamiliar face is greatest soon after the initial observation and 

tends to level off over time, but was unable to specify the shape of this function.  

The effect of the retention interval also is influenced by the strength and quality of the initial 

memory that is encoded, which, in turn, may be influenced by other estimator variables associated  

with witnessing the crime (such as the degree of visual attention) and viewing factors (such as distance, 

lighting, and exposure duration). As the retention interval becomes longer, the opportunity for intervening 

events to alter the memory also becomes greater, and other variables may interact with the retention 

interval to impair performance (see also discussion of memory in Chapter 4). During the retention 

interval, the ability to accurately identify faces of other races drops off especially quickly, relative to 

same-race accuracy.
98

 Also, for those eyewitnesses who initially express less confidence in their 
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identification, there is a greater decrease in accuracy of identification when the retention interval is 

longer.
99

 

 

CONCLUSION 

 

Research on eyewitness identification has appropriately identified the variables that may affect an 

individual’s ability to make an accurate identification. Early research findings played an important role in 

alerting law enforcement, prosecutors, defense counsel, and the judiciary to factors that might influence 

the accuracy of identifications. In some jurisdictions, eyewitness identification research was used to 

improve policies and procedures and to educate and train officers. However, much remains unsettled in 

many areas of eyewitness identification research.  

While past research appropriately identified system and estimator variables that may affect an 

individual’s ability to make an accurate identification, this research might be strengthened in several 

ways. Greater collaboration between the police, the courts, and researchers might lead to increased 

consensus on research agendas and the conceptualization of variables to be examined. More attention to 

reproducibility and transparency is needed in the selection of data collection strategies and reporting of 

data. Analyses need to be reported completely, including estimates of effects, confidence intervals, and 

significance levels. Further, in order to be useful to stakeholders, the statistical findings of this research 

need to be translated back into terms that can be readily understood by practice and policy decision-

makers. 

Further, our understanding of errors in eyewitness identification will benefit from more effective 

research designs, more informative statistical measures and analyses, more probing analyses of research 

findings, and more sophisticated systematic reviews and meta-analyses. In view of the complexity of the 

effects of both system and estimator variables, and their interactions, on eyewitness identification 

accuracy, better experimental designs that incorporate selected combinations of these variables (e.g., 

presence or absence of a weapon, lighting conditions, etc.) will elucidate those variables with meaningful 

influence on eyewitness performance, which can inform law enforcement practice of eyewitness 

identification procedures. To date, the eyewitness literature has evaluated procedures mostly in terms of a 

single diagnosticity ratio or an ROC curve; even if uncertainty is incorporated into the analysis, many 

other powerful tools for evaluating a “binary classifier” are worthy of consideration.
100

  

When primary studies such as those described above are available in sufficient quantities, it is 

important that their results are synthesized using systematic reviews which conform to current best 

standards,
101,102

 These quantitative reviews would necessarily employ transparent, reproducible 

procedures for locating all relevant published and unpublished research; employ independent, duplicate 

procedures for selection of studies, extraction of data, and assessment of risk of bias; use meta-analytic 

procedures which account for the heterogeneity of outcomes both within and across studies; and interpret 

confidence intervals around pooled effects in a way that is readily understandable by stakeholders. These 
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systematic reviews (which would be regularly updated as new studies are conducted) can be used to 

further refine the research agenda in eyewitness identification research and to establish priorities for 

funding of additional primary research. 
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6 

 

Findings and Recommendations 

 
Eyewitnesses make mistakes. Our understanding of how to improve the accuracy of eyewitness 

identifications is imperfect and evolving. In the previous chapters, we described law enforcement 

procedures to elicit accurate eyewitness identifications; the courts’ handling of eyewitness identification 

evidence; the science of visual perception and memory as it applies to eyewitness identifications; and the 

contributions of scientific research to our understanding of the variables that affect the accuracy of 

identifications. On the basis of its review, the committee offers its findings and recommendations for 
 

• identifying and facilitating best practices in eyewitness procedures for the law enforcement 

community; 

• strengthening the value of eyewitness identification evidence in court; and 

• improving the scientific foundation underpinning eyewitness identification. 

 

OVERARCHING FINDINGS 

 

The committee is confident that the law enforcement community, while operating under 

considerable pressure and resource constraints, is working to improve the accuracy of eyewitness 

identifications. These efforts, however, have not been uniform and often fall short as a result of 

insufficient training, the absence of standard operating procedures, and the continuing presence of actions 

and statements at the crime scene and elsewhere that may intentionally or unintentionally influence 

eyewitness’ identifications. 

Basic scientific research on human visual perception and memory has provided an increasingly 

sophisticated understanding of how these systems work and how they place principled limits on the 

accuracy of eyewitness identification (see Chapter 4).
1
  Basic research alone is insufficient for 

understanding conditions in the field, and thus has been augmented by studies applied to the specific 

practical problem of eyewitness identification (see Chapter 5). Applied research has identified key 

variables that affect the accuracy and reliability of eyewitness identifications and has been instrumental in 

informing law enforcement, the bar, and the judiciary of the frailties of eyewitness identification 

testimony.  

A range of best practices has been validated by scientific methods and research and represents a 

starting place for efforts to improve eyewitness identification procedures. A number of law enforcement 

agencies have, in fact, adopted research-based best practices. This report makes actionable 

recommendations on, for example, the importance of adopting “blinded” eyewitness identification 

procedures. It further recommends that standardized and easily understood instructions be provided to 

eyewitnesses and calls for the careful documentation of eyewitness’ confidence statements. Such 

improvements may be broadly implemented by law enforcement now. It is important to recognize, 

however, that, in certain cases, the state of scientific research on eyewitness identification is unsettled. 

                                                 
1
Basic research on vision and memory seeks a comprehensive understanding of how these systems are 

organized and how they operate generally.  The understanding derived from basic research includes principles that 

enable one to predict how a system (such as vision or memory) might behave under specific conditions (such as 

those associated with witnessing a crime), and to identify the conditions under which it will operate most effectively 

and those under which it will fail. Applied research, by contrast, empirically evaluates specific hypotheses about 

how a system will behave under a particular set of real-world conditions. 
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For example, the relative superiority of competing identification procedures (i.e., simultaneous versus 

sequential lineups) is unresolved.  

The field would benefit from collaborative research among scientists and law enforcement personnel 

in the identification and validation of new best practices that can improve eyewitness identification 

procedures. Such a foundation can be solidified through the use of more effective research designs (for 

example, those that consider more than one variable at a time, and in different study populations to ensure 

reproducibility and generalizability), more informative statistical measures and analyses (i.e., methods 

from statistical machine learning and signal detection theory to evaluate the performance of binary 

classification tasks), more probing analyses of research findings (such as analyses of consequences of 

data uncertainties), and more sophisticated systematic reviews and meta-analyses (that take account of 

current guidelines, including transparency and reproducibility of methods). 

In view of the complexity of the effects of both system and estimator variables and their interactions 

on eyewitness identification accuracy, better experimental designs that incorporate selected combinations 

of these variables (e.g., presence or absence of a weapon, lighting conditions, etc.) will elucidate those 

variables with meaningful influence on eyewitness performance, which can, in turn, inform law 

enforcement practice of eyewitness identification procedures. To date, the eyewitness literature has 

evaluated procedures mostly in terms of a single diagnosticity ratio or an ROC (Receiver Operating 

Characteristic) curve; even if uncertainty is incorporated into the analysis, many other powerful tools for 

evaluating a “binary classifier” are available and worthy of consideration.
2
 Finally, syntheses of 

eyewitness research has been limited to meta-analyses that have not been conducted in the context of 

systematic reviews. Systematic reviews of stronger research studies need to conform to current standards 

and be translated into terms that are useful for decision makers. 

The committee offers the following recommendations to strengthen the effectiveness of policies and 

procedures used to obtain accurate eyewitness identifications. 

 

RECOMMENDATIONS TO ESTABLISH BEST PRACTICES  

FOR THE LAW ENFORCEMENT COMMUNITY 
 

The committee’s review of law enforcement practices and procedures, coupled with its 

consideration of the scientific literature, has identified a number of areas where eyewitness identification 

procedures could be strengthened. The practices and procedures considered here involve acquisition of 

data that reflect a witness’ identification and the contextual factors that bear on that identification. A 

recurrent theme underlying the committee’s recommendations is development of, and adherence to, 

guidelines that are consistent with scientific standards for data collection and reporting. 

 

Recommendation #1: Train All Law Enforcement Officers in Eyewitness Identification 
 

The resolution and accuracy of visual perceptual experience, as well as the fidelity of our memories 

to events perceived, may be compromised by many factors at all stages of processing (see Chapter 4). 

Unknown to the individual, perceptual experiences are limited by uncertainties and biased by 

expectations.  Memories are forgotten, reconstructed, updated, and distorted. An eyewitness’s memory 

can be contaminated by a wide variety of influences, including interaction with the police. 

The committee recommends that all law enforcement agencies provide their officers and agents 

with training on vision and memory and the variables that affect them, on practices for minimizing 

contamination, and on effective eyewitness identification protocols. In addition to instruction at the police 

academy, officers should receive periodic refresher training, and officers assigned to investigative units 

should receive in-depth instruction. Dispatchers should be trained not to “leak” information from one 

caller to the next and to ask for information in a non-leading way. Police officers should be trained to ask 

                                                 
2
T. Hastie, R. Tibshirani, and J.H. Friedman, The Elements of Statistical Learning: Data Mining, Inference, and 

Prediction (New York: Springer, 2009). 
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open ended questions, avoid suggestiveness, and efficiently manage scenes with multiple witnesses (e.g., 

minimize interactions among witnesses). 

 

Recommendation #2: Implement Double-Blind Lineup and Photo Array Procedures 
 

Decades of scientific evidence demonstrate that expectations can bias perception and judgment and 

that expectations can be inadvertently communicated.
3
 Even when lineup administrators scrupulously 

avoid comments that could identify which person is the suspect, unintended body gestures, facial 

expressions, or other nonverbal cues have the potential to inform the witness of his or her location in the 

lineup or photo array.  

Double-blinding is central to the scientific method because it minimizes the risk that experimenters 

might inadvertently bias the outcome of their research, finding only what they expected to find. For 

example, in medical clinical trials, double-blind designs are crucial to account for experimenter biases, 

interpersonal influences, and placebo effects.  

To minimize inadvertent bias, double-blinding procedures are sometimes used in which the test 

administrator does not know the composition of the photo array or lineup. If administrators are not 

involved with construction of the lineup and are unaware of the placement of the potential suspect in the 

sequence, they cannot influence the witness.  

Some in the law enforcement community have responded to calls for double-blind lineup 

administration with concern, citing the potential for increased financial costs and human resource 

demands. The committee believes there are ways to reduce these costs and recommends that police 

departments consider procedures and new technologies that increase efficiency of data acquisition under 

double-blind procedures or those procedures that closely approximate double-blind procedures. If an 

administrator who does not know the identity of the suspect cannot be assigned to the task, a non-blind 

administrator (one knowing the status of the individuals in the lineup) might use a computer-automated 

presentation of lineup photos. If computer-based presentation technology is unavailable, the administrator 

could place photos in numbered folders that are then shuffled, as is current practice in some jurisdictions.  

The committee recommends blind (double-blind or blinded) administration of both photo arrays 

and live lineups and the adoption of clear, written policies and training on photo array and live lineup 

administration. Police should use blind procedures to avoid the unintentional or intentional exchange of 

information that might bias an eyewitness. The “blinded” procedure minimizes the possibility of either 

intentional or inadvertent suggestiveness and thus enhances the fairness of the criminal justice system. 

Suggestiveness during an identification procedure can result in suppression of both out-of-court and in-

court identifications and thereby seriously impair the prosecutions’s ability to prove its case beyond a 

reasonable doubt. The use of double-blind procedures will eliminate a line of cross-examination of 

officers in court. 

 

Recommendation #3: Develop and Use Standardized Witness Instructions 
 

The committee recommends the development of a standard set of easily understood instructions to 

use when engaging a witness in an identification procedure.  

Witnesses should be instructed that the perpetrator may or may not be in the photo array or lineup 

and that the criminal investigation will continue regardless of whether the witness selects a suspect. 

Administrators should use witness instructions consistently in all photo arrays or lineups, and can use pre-

recorded instructions or read instructions aloud, in the manner of the mandatory reading of Miranda 

Rights. Accommodations should be made when questioning non-English speakers or those with restricted 

linguistic ability. Additionally, the committee recommends the development and use of a standard set of 

instructions for use with a witness in a showup.    

                                                 
3
See Box 2-1. 
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Recommendation #4: Document Witness Confidence Judgments 

 

Evidence indicates that self-reported confidence at the time of trial is not a reliable predictor of 

eyewitness accuracy.
4
 The relationship between the witness’ stated confidence and accuracy of 

identifications may be greater at the moment of initial identification than at the time of trial.
 
However, the 

strength of the confidence-accuracy relationship varies, as it depends on complex interactions among such 

factors as environmental conditions, persons involved, individual emotional states, and more.
 5
 

Expressions of confidence in the courtroom often deviate substantially from a witness’ initial confidence 

judgment, and confidence levels reported long after the initial identification can be inflated by factors 

other than the memory of the suspect. Thus, the committee recommends that law enforcement document 

the witness’ level of confidence verbatim at the time when she or he first identifies a suspect, as 

confidence levels expressed at later times are subject to recall bias, enhancements stemming from 

opinions voiced by law enforcement, counsel and the press, and to a host of other factors that render 

confidence statements less reliable. During the period between the commission of a crime and the formal 

identification procedure, officers should avoid communications that might affect a witness’ confidence 

level. In addition, to avoid increasing a witness’ confidence, the administrator of an identification 

procedure should not provide feedback to a witness. Following a formal identification, the administrator 

should obtain level of confidence by witness’ self-report (this report should be given in the witness’ own 

words) and document this confidence statement verbatim. Accommodations should be made for non-

English speakers or those with restricted linguistic ability. 

 

Recommendation #5: Videotape the Witness Identification Process 

 

The committee recommends that the video recording of eyewitness identification procedures 

become standard practice.  

Although videotaping does have drawbacks (e.g., costs, witness advocates opposing videotaping of 

witnesses’ faces, and witnesses not wanting to be videotaped), it is necessary to obtain and preserve a 

permanent record of the conditions associated with the initial identification. When necessary, efforts 

should be made to obtain non-intrusive recordings of the initial identification process and to 

accommodate non-English speakers or those with restricted linguistic ability. Measures should also be 

taken to protect the identity of eyewitnesses who may be at risk of harm because they make an 

identification.  

 

RECOMMENDATIONS TO STRENGTHEN THE VALUE  

OF EYEWITNESS IDENTIFICATION EVIDENCE IN COURT 

 

The best guidance for legal regulation of eyewitness identification evidence comes not from 

constitutional rulings, but from the careful use and understanding of scientific evidence to guide fact-

finders and decision-makers. The Manson v. Brathwaite test under the Due Process Clause of the U.S. 

Constitution for assessing eyewitness identification evidence was established in 1977, before much 

                                                 
4
See, e.g., C. M. Allwood, J. Knutsson, and P. A. Granhag, “Eyewitnesses under influence: How feedback 

affects the realism in confidence judgements,” Psychology, Crime, and Law 12(1): 25–38 (2006); B. H. Bornstein 

and D.  J. Zickafoose, “’I know I know it, I know I saw it’: The stability of the confidence-accuracy relationship 

across domain,” Journal of Experimental Psychology-Applied 5(1): 76–88 (1999); P. A. Granhag, L. A. Stromwall, 

and C. M. Allwood, “Effects of reiteration, hindsight bias, and memory on realism in eyewitness confidence,” 

Applied Cognitive Psychology 14(5): 397–420 (2000); H. L. Roediger, III, J. T. Wixted, and K. A. DeSoto, “The 

Curious Complexity between Confidence and Accuracy in Reports from Memory” in Memory and Law, ed. L. 

Nadel and W. P. Sinnott-Armstrong (Oxford: Oxford University Press, 2012). 
5
See, e.g., J. M. Talarico and D. C. Rubin, “Confidence, Not Consistency, Characterizes Flashbulb Memories,” 

Psychological  Science 14(5): 455–461 (September 2003). 
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applied research on eyewitness identification had been conducted. That test evaluates the “reliability” of 

eyewitness identifications using factors derived from prior rulings and not from empirically validated 

sources. As critics have pointed out, the Manson v. Brathwaite test includes factors that are not diagnostic 

of reliability. Moreover, the test treats factors such as the confidence of a witness as independent markers 

of reliability when, in fact, it is now well established that confidence judgments may vary over time and 

can be powerfully swayed by many factors. While some states have made minor changes to the due 

process framework, (e.g., by altering the list of acceptable “reliability” factors; see Chapter 3), wholesale 

reconsideration of this framework is only a recent development (e.g., the recent decisions by state 

supreme courts in New Jersey and Oregon; see Chapter 3). 

 

Recommendation #6: Conduct Pretrial Judicial Inquiry 

 

Eyewitness testimony is a type of evidence where (as with forms of forensic trace evidence) 

contamination may occur pre-trial. Judges rarely make pre-trial inquiries about evidence in criminal cases 

without one of the parties first raising an objection. In cases involving eyewitness evidence, however, 

parties may not be sufficiently knowledgeable about the relevant scientific research to raise concerns. 

Judges have an affirmative obligation to insure the reliability of evidence presented at trial. To meet 

this obligation, the committee recommends that, as appropriate, a judge make basic inquiries when 

eyewitness identification evidence is offered. While the contours of such an inquiry would need to be 

established on a case-by-case basis, at a minimum, the judge could inquire about prior lineups, what 

information had been given to the eyewitness before the lineup, what instructions had been given to the 

eyewitness in connection with administering the lineup, and whether the lineup had been administered 

“blindly.” The judge could also entertain requests from the parties for additional discovery, and could ask 

the parties to brief any issues raised by these inquiries. A judge also could review reports of the 

eyewitness’ confidence and any recordings of the identification procedures. When assessing the reliability 

of an identification, a judge could also inquire as to what eyewitness identification procedures the agency 

had in place and the degree to which they were followed. Both pre-trial judicial inquiries and any 

subsequent judicial review would create an incentive for agencies to adopt written eyewitness 

identification procedures and to document the identifications themselves.  

If these initial inquiries raise issues with the identification process, a judge could conduct a pre-trial 

hearing to review the reliability and admissibility of eyewitness identification evidence and to assess how 

it should be treated at trial if found admissible. If indicia of unreliable eyewitness identifications are 

present, the judge should apply applicable law in deciding whether to exclude the identifications or 

whether some lesser sanction is appropriate. As discussed in the sections that follow, a judge may limit 

portions of the testimony of the eyewitness. A judge can also ensure that the jury is provided with a 

scientific framework within which to evaluate the evidence. 

 

Recommendation #7: Make Juries Aware of Prior Identifications 

 

The accepted practice of in-court eyewitness identifications can influence juries in ways that cross-

examination, expert testimony, or jury instructions are unable to counter effectively. Moreover, as 

research suggests (see Chapters 4 and 5), the passage of time since the initial identification may mean that 

a courtroom identification is a less accurate reflection of an eyewitness’ memory. In-court confidence 

statements may also be less reliable than confidence judgments made at the time of an initial out-of-court 

identification; as memory fails and/or confidence grows disproportionately. The confidence of an 

eyewitness may increase by the time of the trial as a result of learning more information about the case, 

participating in trial preparation, and experiencing the pressures of being placed on the stand.  

An identification of the kind dealt with in this report typically should not occur for the first time in 

the courtroom. If no identification procedure was conducted during the investigation, a judge should 

consider ordering that an identification procedure be conducted before trial.  In any case, whenever the 
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eyewitness identifies a suspect in the courtroom, it is important for jurors to hear detailed information 

about any earlier identification, including the procedures used and the confidence expressed by the 

witness at that time. The descriptions of prior identifications and confidence at the time of those earlier 

out-of-court identifications provide more useful information to the fact-finders and decision-makers. 

Accordingly, the committee recommends that judges take all necessary steps to make juries aware of 

prior identifications, the manner and time frame in which they were conducted, and the confidence level 

expressed by the eyewitness at the time. 

 

Recommendation #8: Use Scientific Framework Expert Testimony 

 

The committee finds that a scientific framework describing what factors may influence a witness’ 

visual experience of an event and the resolution and fidelity of that experience, as well as factors that 

underlie and influence subsequent encoding, storage, and recall of memories of an event, can inform the 

fact-finder in a criminal case. As discussed throughout this report, many scientifically established aspects 

of eyewitness memory are counterintuitive and may defy expectations. Jurors will likely need assistance 

in understanding the factors that may affect the accuracy of an identification. In many cases this 

information can be most effectively conveyed by expert testimony.  

Contrary to the suggestion of some courts, the committee recommends that judges have the 

discretion to allow expert testimony on relevant precepts of eyewitness memory and identifications.  

Expert witnesses can explain scientific research in detail, capturing the nuances of the research, and 

focusing their testimony on the most relevant research. Expert witnesses can convey current information 

based on the state of the research at the time of a trial. Expert witnesses can also be cross-examined, and 

limitations of the research can be expressed to the jury.  

Certainly, qualified experts will not be easy to locate in a given jurisdiction; and indigent defendants 

may not be able to afford experts absent court funds. Moreover, once the defense secures an expert, the 

prosecution may retain a rebuttal expert, adding complexity to the litigation. Further investigation may 

explore the effectiveness of expert witness presentation of relevant scientific findings compared with jury 

instructions. Until we have a clearer understanding of the strengths and weaknesses of this technique, the 

committee views expert testimony as an appropriate and effective means of providing the jury with 

information to assess the strength of the eyewitness identification.  

Expert witnesses should not be permitted to testify without limits. An expert explaining the relevant 

scientific framework can describe the state of the research and focus on the factors that are particularly 

relevant in a given case. However, an expert must not be allowed to testify beyond the limits of his or her 

expertise. Although current scientific knowledge would allow an expert to inform the jury of factors 

bearing on their evaluation of an eyewitness’ identification, the committee has seen no evidence that the 

scientific research has reached the point that would properly permit an expert to opine, directly or through 

an equivalent hypothetical question, on the accuracy of an identification by an eyewitness in a specific 

case. 

In many jurisdictions, expert witnesses who can testify regarding eyewitness identification evidence 

may be unavailable. In state courts, funding for expert witnesses may be far more limited than funding in 

federal courts. The committee recommends that local jurisdictions make efforts to ensure that defendants 

receive funding to obtain access to qualified experts.  

 

Recommendation #9: Use Jury Instructions as an Alternative Means to Convey Information 

 

The committee recommends the use of clear and concise jury instructions as an alternative means 

of conveying information regarding the factors that the jury should consider.  
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Jury instructions should explain, in clear language, the relevant principles. Like the New Jersey 

instructions,
6
 the instructions should allow judges to focus on factors relevant to the specific case, since 

not all cases implicate the same factors. Jury instructions do not need to be as detailed as the New Jersey 

model instructions and do not need to omit all reference to underlying research. With the exception of the 

New Jersey instructions, jury instructions have tended to address only certain subjects, or to repeat the 

problematic Manson v. Brathwaite language, which was not intended as instructions for jurors.  

Appropriate legal organizations, together with law enforcement, prosecutors, defense counsel, and 

judges, should convene a body to establish model jury instructions regarding eyewitness identifications. 

 

RECOMMENDATIONS TO IMPROVE THE SCIENTIFIC FOUNDATION  

UNDERPINNING EYEWITNESS IDENTIFICATION RESEARCH 

 

Basic scientific research on visual perception and memory provides important insight into the 

factors that can limit the fidelity of eyewitness identification (see Chapter 4). Research targeting the 

specific problem of eyewitness identification (see Chapter 5) complements basic scientific research. 

However, this strong scientific foundation remains insufficient for understanding the strengths and 

limitations of eyewitness identification procedures in the field. Many of the applied studies on key factors 

that directly affect eyewitness performance in the laboratory are not readily applicable to actual practice 

and policy. Applied research falls short because of a lack of reliable or standardized data from the field, a 

failure to include a range of practitioners in the establishment of research agendas, the use of disparate 

research methodologies, failure to use transparent and reproducible research procedures, and inadequate 

reporting of research data. The task of guiding eyewitness identification research toward the goal of 

evidence-based policy and practice will require collaboration in the setting of research agendas and 

agreement on methods for acquiring, handling, and sharing of data.  

 

Recommendation #10: Establish a National Research Initiative on Eyewitness Identification 

 

To further our understanding of eyewitness identification, the committee recommends the 

establishment of a National Research Initiative on Eyewitness Identification (hereinafter, the Initiative). 

The Initiative should involve the academic research community, law enforcement community, the federal 

government, and philanthropic organizations. The Initiative should (1) establish a research agenda to 

guide research for the next decade; (2) formulate practice- and policy-relevant research questions; (3) 

identify opportunities for additional data collection; (4) systematically review research to examine 

emerging findings on the impact of system and estimator variables; (5) translate research findings into 

policies and procedures that are both practical and appropriate for law enforcement; and (6) set priorities 

and timelines for issues to be addressed, the conduct of research, the development of best practices, and 

formal assessments.  

The committee notes that there appear to be few existing partnerships between the scientific 

community and law enforcement organizations and therefore recommends that The National Science 

Foundation (NSF) and the National Institute of Standards and Technology (NIST) take a leadership role 

working with other federal agencies, such as the National Institute of Justice (NIJ), the Bureau of Justice 

Statistics (BJS), and the Federal Bureau of Investigation (FBI), to support such collaborations.  

                                                 
6
New Jersey Criminal Model Jury Instructions, Identification (July 19, 2012), available at: 

http://www.judiciary.state.nj.us/pressrel/2012/jury_instruction.pdf; New Jersey Court Rule 3:11, Record of an Out-

of-Court Identification Procedure (July 19, 2012), available at:  

http://www.judiciary.state.nj.us/pressrel/2012/new_rule.pdf, New Jersey Court Rule 3:13-3, Discovery and 

Inspection (July 19, 2012), available at: http://www.judiciary.state.nj.us/pressrel/2012/rev_rule.pdf. 
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The impact on society of innocents being incarcerated while perpetrators remain free, in conjunction 

with limited federal resources, highlights the need for both public and private support for this Initiative. 

To enhance the scientific foundation of eyewitness identification research and practice, the Initiative 

should commit to the following: 

 

a. Include a practice- and data-informed research agenda that incorporates input from law 

enforcement and the courts and establishes methodological and reporting standards for research to 

assess the fundamental performance of various aspects of eyewitness identification procedures as 

well as synthesize research findings across studies.  

 

b. Develop protocols and policies for the collection, preservation, and exchange of field data 
that can be used jointly by the scientific and law enforcement communities. Data collection 

procedures used in the field should be developed to ensure the relevance of the collected data, to 

facilitate analysis of the data, and to minimize potential bias and loss of data through incomplete 

recording strategies.    

 

Law enforcement agencies should take the lead in collecting, maintaining, and sharing relevant data 

from the field. Much of the data that would be useful for the evaluation of eyewitness identification 

procedures have been collected in the form of administrative records and may be readily adapted for 

use in research. Comprehensive data should be collected on lineup composition and witness 

selections (i.e., fillers, non-identifications, and position of suspect in lineup). 

 

c. Develop and adopt guidelines for the conduct and reporting of applied scientific research on 

eyewitness identification that conform to the highest scientific standards. All eyewitness research, 

including field-based studies, laboratory-based studies, and research synthesis, should use rigorous 

research methods and provide detailed reporting of both methods and results, including (1) pre-

registration of all study protocols; (2) investigation of research questions and hypotheses informed 

by the needs of practice and policy; (3) adoption of strict operationalization of key measures and 

objective data collection; (4) development of experimental designs informed by analytical concerns; 

(5) use of proper statistical procedures that account for the often non-traditional nature of data in this 

field (e.g., estimates of effects with appropriate statements of uncertainty, multiple responses from 

different scenarios from the same individuals, effects of order and time of presentation when 

important, treatment of extreme observations or outliers); (6) reporting of participant recruitment 

and selection and assignment to conditions; (7) complete reporting of findings including effect sizes 

and associated confidence intervals for both significant and non-significant effects; and (8) 

derivation of conclusions that are grounded firmly in the findings of the study, are framed in the 

context of the strengths and limitations of study methodology, and clearly state their implications for 

practice and policy decisions. 

  

Strict adherence to guidelines for eyewitness identification research will result in more credible 

research findings that can guide policy and practice. Research that conforms to guidelines will 

withstand rigorous scrutiny by peers, will be verifiable through replication, and will permit inclusion 

in systematic reviews, leading to greater confidence in the validity and generalizability of findings. 

 

d. Adopt rigorous standards for systematic reviews and meta-analytic studies. Meta-analyses of 

primary studies should be conducted only in the context of systematic reviews that locate and 

critically appraise all research findings, including those from unpublished studies. Analyses should 

consistently appraise and account for possible biases in the included research. Studies that do not 

adequately conduct or report research methods, such as randomization, should be identified in the 

findings. Sensitivity analyses considering impacts of lower quality or inadequately reported studies 

on pooled effect estimates should be conducted and reported. When attempting to draw conclusions 
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from studies with missing data, reviewers should first attempt to contact the authors of the research 

for additional information. When missing data cannot be retrieved from researchers, imputation 

methods should, if used, be specific, transparent, and reproducible. Statistical methods for meta-

analysis should conform to current best practice, using models appropriate to the level of 

heterogeneity of results across studies, computing both point estimates and confidence intervals 

around effect sizes, and translating the results of meta-analyses into terms that are both 

understandable and useful to practice and policy decision-makers.  

 

e. Provide basic instruction for police, prosecutors, defense counsel, and judges on aspects of the 

scientific method relevant to eyewitness identifications procedures (e.g., the rationale for blinded 

administration), including principles of research design and the uncertainties associated with data 

analysis. Training should cover the importance of data collection and interpretation, including the 

role of standardized eyewitness identification procedures and documentation of witness statements 

of confidence. Competencies acquired through such training (quantitative reasoning, understanding 

principles of research design, and recognition of data uncertainties) are likely to apply to issues 

beyond eyewitness identification. For example, the knowledge and skills from training can be 

applied to other issues that personnel face, either in forensic science technologies or in process 

administration, evaluation, and quality improvement. Similarly, scientists will benefit from a greater 

knowledge of legal issues, standards, and procedures related to the problem of eyewitness 

identification. Training of both communities (law and science) will enhance communication and 

lead to productive collaborations.  

 

The collaborative research initiative between researchers and law enforcement communities will be 

challenging as it will necessitate (1) standardized police procedures;
7
 (2) systematic valid evidence 

collection and data entry and analysis; and (3) education and training for both researchers and law 

enforcement professionals on the differences between these two communities in their use of terms and 

considerations of standards of evidence and uncertainties in data. These three elements of a collaborative 

initiative are critical to advancing the science related to eyewitness identifications, as each bears directly 

on the integrity of the foundation upon which the efficacy and validity of current and future practices will 

be judged. Without such a foundation, practical advances in our scientific understanding are unlikely to 

occur.  

The committee further recommends that the Initiative support research to better understand the 

following: (1) the variables that affect the accuracy, precision, and reliability of eyewitness 

identifications, and how those variables interact and vary in practice; (2) the (possibly joint) impact of 

estimator and system variables on both identification accuracy and response bias; (3) best practices for 

probing witness memory with the least potential for bias or contamination; (4) best strategies to assess 

witnesses’ confidence levels when making an identification; and (5) appropriate types of instructions for 

police, witnesses, and juries to best inform and facilitate the collection and interpretation of eyewitness 

identifications; (6) photo array composition and procedures; (7) identification procedures in the field 

(showups); (8) innovative technologies that might increase the reliability of eyewitness testimony (e.g., 

algorithm-based computer face recognition software, computer administered photo arrays, and mobile 

technologies with photo identification programs); and (9) the most effective means of informing jurors 

how to consider the factors that affect the strengths and weaknesses of eyewitness identification evidence. 

  

                                                 
7
The term standardized procedures refers to the notion that professionals reliably follow the same set of steps or 

procedures.  Such standardization ensures that data across cases can be considered comparable and, to a greater 

extent, more reliable. Although reliability is not equivalent to validity, it is essential before researchers can assess 

questions of validity. Without standardized procedures, valid comparisons between departments and regions of the 

country cannot be achieved. 
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Recommendation #11: Conduct Additional Research on System and Estimator Variables 
 

Among the many variables that can affect eyewitness identification, the procedures for constructing 

a lineup have received the greatest attention in recent years. As discussed in Chapter 5, the question as to 

whether a simultaneous or sequential lineup is preferred is a specific case of the more general question of 

what conditions might improve the performance of an eyewitness. The answer to that question depends 

upon the criteria used to evaluate performance, and much of the debate has thus focused on the analysis 

tools for evaluation. These tools have improved significantly over the years, beginning with the use of a 

diagnosticity ratio, which uses the likelihood that the person identified is actually guilty as an evaluation 

criterion. More recently, the diagnosticity ratio approach has been augmented by analysis of Receiver 

Operating Characteristics (ROC analysis), which uses a measure of discriminability (i.e. a measure of 

how well the witness can discriminate between different possible matches to his/her memory of the face 

of the culprit) as an evaluation criterion. In principle, ROC analysis is a positive step, if only because it 

incorporates more information (i.e. the earlier diagnosticity ratio is one component of the ROC analysis). 

But a more complex question concerns how policy-makers and practitioners should weigh the two 

evaluation criteria that have been considered thus far – likelihood of guilt and discriminability – when 

making a decision about which lineup procedures to adopt. The answer is particularly nuanced because 

the two criteria do not always lead to the same conclusion; one lineup procedure may yield poorer 

discriminability while at the same time increasing the likelihood that the identified person is actually 

guilty.  

The committee concludes that there should be no debate about the value of greater discriminability – 

to promote a lineup procedure that yields less discriminability would be akin to advocating that the lineup 

be performed in dim instead of bright light. For this reason, the committee recommends broad use of 

statistical tools that can render a discriminability measure to evaluate eyewitness performance. But a 

lineup procedure that improves discriminability can yield greater or lesser likelihood of correct 

identification, depending on how the procedure is applied (see Chapter 5). For lineup procedures that 

yield greater discriminability, greater likelihood of correct identification would appear preferable and can 

be achieved by methods that elicit a more conservative response bias, such as a sequential (relative to 

simultaneous) lineup procedure.
8
 The committee thus recommends a rigorous exploration of methods 

that can lead to more conservative responding (such as witness instructions) but do not compromise 

discriminability. 

In view of these considerations of performance criteria and recommendations about analysis tools, 

can we draw definitive conclusions about which lineup procedure (sequential or simultaneous) is 

preferable? At this point, the answer is no. Using discriminability as a criterion, there is, as yet, not 

enough evidence for the advantage of one procedure over another. The committee thus recommends that 

caution and care be used when considering changes to any existing lineup procedure, until such time as 

there is clear evidence for the advantages of doing so. From a larger perspective, the identification of 

factors (such as specific lineup procedures or states of other system variables) that can objectively 

improve eyewitness identification performance must be among the top priorities for this field. This leads 

us to three additional recommendations.  

 

a. The committee recommends a broad exploration of the merits of different statistical tools for use 

in the evaluation of eyewitness performance. ROC analysis represents an improvement over a single 

diagnosticity ratio, yet there are well-documented quantitative shortcomings to the ROC approach. 

But are there alternatives? As noted in Chapter 5, the task facing an eyewitness is a binary 

classification task and there exist many powerful statistical tools for evaluation of binary 

classification performance that are widely used, for example, in the field of machine learning. While 

                                                 
8
The committee stresses, however, that adoption of a more conservative response bias necessitates a 

compromise by which fewer lineup “picks” are made overall and thus fewer guilty suspects are identified (see 

Chapter 5).   
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none of these tools has been vetted for application to the problem of eyewitness identification, they 

offer a potentially rich resource for future investigation in this field. 

 

b. The alternative (sequential) lineup procedure was introduced as part of an effort to improve 

eyewitness performance. While, as noted above, it remains unclear whether the procedure has 

improved eyewitness performance, that goal is still primary. In an effort to achieve that goal, many 

studies over the past three decades have explored the possibility that other factors may also affect 

performance, but until recently these investigations have not evaluated performance using a 

discriminability measure. The committee therefore recommends a broad exploration of the effects 

of different system variables (e.g. additional variants on lineup procedures, witness lineup 

instructions) and estimator variables (e.g. presence or absence of weapon, elapsed time between 

incident and identification task, levels of stress), and – importantly –interactions between these 

variables, using either the ROC approach or other tools for evaluation of binary classifiers that can 

be shown to have advantages over existing analytical methods. 

 

c. Building upon the committee’s call for a practice- and data-informed research agenda that 

incorporates input from law enforcement and the courts and establishes methodological and 

reporting standards for research, the committee recommends that the scientific community engaged 

in studies of eyewitness identification performance work closely with law enforcement to identify 

other system and estimator variables that might influence performance and practical issues that 

might preclude certain strategies for influencing performance. In addition, the committee 

recommends that policy decisions regarding changes in procedure should be made on the basis of 

evidence of superiority and should be made in consultation with police departments to determine 

which procedure yields the best combination of performance and practicality.  

 

CONCLUSION 

 

Eyewitness identification can be a powerful tool. As this report indicates, however, the malleable 

nature of human visual perception, memory, and confidence; the imperfect ability to recognize 

individuals; and policies governing law enforcement procedures can result in mistaken identifications 

with significant consequences. New law enforcement training protocols, standardized procedures for 

administering lineups, improvements in the handling of eyewitness identification in court, and better data 

collection and research on eyewitness identification, can improve the accuracy of eyewitness 

identifications.  
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10:15–10:30 Break 

 

10:30–11:15 Evaluating Eyewitness Research in Court: Moving from General  

to Specific Inference 

Speaker: John Monahan, University of Virginia 

 

11:15–12:00 Eyewitness Identification from the Perspective of State Attorney Generals 

Speaker: Peter Kilmartin, State of Rhode Island 

 

12:00–12:45 Lunch 

 

12:45–1:30 Costs and Benefits of Eyewitness Identification Reforms 

  Speaker: Steven E. Clark, University of California, Riverside 

 

1:30–2:30 Misinformation and the Creation of False Memories 

Speaker: Elizabeth Loftus, University of California, Irvine – via videoconference 

 

2:30–3:15 Obtaining Better Descriptive Information: The Use of the Cognitive Interview 

Speaker: Ronald Fisher, Florida International University 

 

CLOSED SESSION: 3:30–5:30 

 

Friday, 7 February 2014 

 

CLOSED SESSION: 8:00–2:00 

 

Meeting 3 

Washington, DC 

Thursday, 24 April 2014 

 

OPEN SESSION 

 

10:30   Welcome 

Co-chairs:  

Tom Albright, Salk Institute for Biological Studies 

 Jed Rakoff, U.S. District Court for the Southern District of New York 

 

10:35–11:30  Photo Arrays in Eyewitness Identification Procedures 

Speaker: Karen L. Amendola, Police Foundation 

 

CLOSED SESSION: 11:45–5:00 

 

Friday, 25 April 2014 

 

CLOSED SESSION: 8:30–3:00 
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Appendix C 

 

Consideration of Uncertainty in Data on the  

Confidence-Accuracy Relationship and the Receiver  

Operating Characteristic (ROC) Curve 

 
What has happened is history. What might have happened is science and technology. So what you are 

really interested in is what might have happened if you could do it all over again. 

 
John W. Tukey, 18 November 1992, in a  

discussion of assessing the uncertainty in cancer  

mortality rates at the National Cancer Institute 

 

Both the receiver operating characteristic (ROC) and the confidence-accuracy relationship involve 

data (usually, as the proportions of participants in a given study that meet some criterion) and hence are 

subject to various sources of uncertainty, including measurement error, random variations from external 

conditions, and biases (such as the tendency to respond “conservatively” or “liberally”; see examples of 

these biases in Chapter 5). Appendix C focuses on quantification of uncertainty in only some of the errors 

caused by measurement and other random sources. Because the confidence-based ROC curve is justified 

by an implicit assumption that confidence and accuracy are related, the first section of this appendix 

discusses the incorporation of uncertainty when assessing the strength of the confidence-accuracy 

relationship, and the second section does the same for the ROC curve. In what follows, HR denotes the hit 

rate (or “sensitivity” of a procedure on which the confidence-accuracy relationship or ROC is being 

constructed), and FAR (or, 1 –specificity; see Chapter 5) denotes the false alarm rate.
1
 

 

CONFIDENCE-ACCURACY RELATIONSHIP 

 

When authors talk about the confidence-accuracy relationship, they usually are referring to a 

correlation coefficient or to a slope of the line fitted to the points (C, A), where a measure of the 

eyewitness’ expressed confidence level C is on the x-axis, and a measure of the witnesses’s accuracy A is 

on the y-axis. However one measures the significance of the confidence-accuracy relationship (e.g., in 

either a correlation coefficient or a slope of the line fitted to the [C, A] points), it is important to note that 

both expressed confidence level (C) and reported accuracy (A) are based on data and thus are subject to 

uncertainty, both from random and systematic sources of variation and from biases (see, e.g., Chapter 5 

for examples of biases and other variables, such as the implementation of  a lineup procedure). In this 

appendix, we consider the effects of uncertainty in only “A” and “C” in assessing the strength of the 

confidence-accuracy relationship. Ideally, one would repeat the incident multiple times and assess the 

error in the repetitions. Usually such repetition is not possible, and one must rely on approximate 

measures of uncertainty, as best one can, in the (C, A) points. Approaches for characterizing the 

uncertainty in the confidence-accuracy relationship, using data in the published literature, follow. 

  

                                                      
1
The data cited here are used simply for convenience, as the publications from which they arose provided 

sufficient details about them that the illustrations can be generated. 
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Consider the following data:
2
 

 

1) n1 = 44 participants who expressed “Low” confidence (confidence ratings 1,2,3); their overall 

accuracy was stated as 61%. Taking the median of these three confidence ratings, C1 = 2 and  

A1 = 0.61. The estimated standard error of this proportion is (0.61 · 0.39/44)1/2 = 0.0735. 

2) n2 = 203 participants who expressed “Medium” confidence (confidence ratings 4,5,6); their 

overall accuracy was stated as 71%. Taking the median of these three confidence ratings, C2 = 5 

and A2 = 0.71. The estimated standard error of this proportion is (0.71 · 0.29/203)1/2 = 0.0318. 

3) n3 = 326 participants who expressed “High” confidence (confidence rating 7); their overall 

accuracy was stated as 85%. Thus, C3 = 7 and A3 = 0.85. The estimated standard error of this 

proportion is (0.85 · 0.15/326)1/2 = 0.0198. 
 

A plot of these three data points might suggest a highly convincing relationship between accuracy and 

confidence. However, the relationship is not “statistically significant” when assessed via a weighted linear 

regression (where weights are inversely proportional to either the standard errors or the variances), nor via 

an unweighted Pearson correlation coefficient or a Spearman’s rank correlation coefficient (which 

depends less on the assignment of “Low,” “Medium,” and “High” as 2, 5, 7, respectively, than do the 

other two methods). Separate tests comparing the proportions 0.85 (“High”) versus either 0.71 

(“Medium”) or 0.61 (“Low”) are “statistically significant,” but not the test for comparing the proportions 

0.71 (“Medium”) and 0.61 (“Low”). Statistical significance is hard to achieve with only three data points. 

Moreover, none of these tests takes into account the potential for error in the self-reported “C” values 

(2,5,7), which, as discussed in the previous paragraph, is likely to exist. 

Consider a second set of data, reported in Juslin et al.
3
 In this article, the authors considered two 

lineup conditions, denoted as “suspect-similarity” and “culprit-description.”
4
 The authors correctly note 

that the identification rates at each expressed confidence level for these two conditions are very similar; 

hence, as the condition had no effect on identification accuracy, one might as well pool “successes/trials” 

across the two conditions to reduce the uncertainty in each of the accuracy rates and thus gain greater 

power. 

Even after combining the two conditions, however, the numbers of trials in the 10 ECL categories  

(0.1 = “10% confident,” 0.2 = “20% confident” ... 1.0 = “100% confident”) are not very high (the ten 

numbers range from 7 for ECL = 20% to 45 for ECL = 90%). To increase the chances of seeing a 

meaningful relationship between confidence and accuracy, the authors pool 0.1 with 0.2, 0.3  

with 0.4, 0.5 with 0.6, 0.7 with 0.8, and, 0.9 with 1.0. Although Table 2 in Juslin et al. provides the counts 

(numbers of trials), it does not tabulate the accuracies (numbers of correct responses). One can estimate 

these accuracies by weighted averages of the displayed percentages shown in the plots in their Figure 2
5
 for 

                                                      
2
These data are cited in H. L. Roediger III, J. T. Wixted, and K. A. DeSoto. “The Curious Complexity between 

Confidence and Accuracy in Reports from Memory” in Memory and Law, ed. L. Nadel and W. P. Sinnott-

Armstrong (Oxford: Oxford University Press, 2012), p. 109, who in turn cite Odinot et al. [G. Odinot, G.Wolters, 

and P.J. van Koppen, “Eyewitness memory of a supermarket robbery: A case study of accuracy and confidence after 

3 months, Law and Human Behavior 33: 506–514 (2009)] as the source of these data, from nine “central witnesses” 

(the other 5 witnesses were not interviewed by the police). The sample sizes (44, 203, 326) apparently arise from 

having “averaged across different categories (person descriptions, object descriptions, and action details) for the 

nine central witnesses interviewed in that study”; see J. T. Wixted et al., “Confidence Judgments Are Useful in 

Eyewitness Identifications: A New Perspective,” submitted to Applied Psychology 2014, p. 17. 
3
Juslin et al., “Calibration and Diagnosticity of Confidence in Eyewitness Identification: Comments on What 

Can Be Inferred From the Low Confidence-Accuracy Correlation,” Journal of Experimental Psychology: Learning, 

Memory, and Cognition 22(5): 1304-1316 (September 1996).  
4
See J. T. Wixted et al., “Confidence Judgments Are Useful in Eyewitness Identifications: A New Perspective,” 

submitted to Applied Psychology 2014, p. 13. 
5
See pages 1310-1311 of Juslin et al. for the data in their Table 1 and Figure 2, respectively. 



Copyright © National Academy of Sciences. All rights reserved.

Identifying the Culprit:  Assessing Eyewitness Identification

PREPUBLICATON COPY – UNEDITED PROOFS 

99 

the “suspect-similarity condition” (“A” = 0.27, 0.38, 0.51, 0.55, 0.87; n = 15, 21, 25, 29, 51) and for the 

“culprit- description condition” (“A” = 0.18, 0.66, 0.63, 0.90, 0.91; n = 10, 18, 28, 41, 37). In the confidence 

level categories (15%, 35%, 55%, 75%, 95%), the accuracies (with their standard errors and the total sample 

sizes on which they are based following them in parentheses) are, respectively, 23.4% (8.5%, n=25), 50.9% 

(8.0%, n=39), 52.6% (6.9%, n=53), 75.5% (5.1%, n=70), and 88.7% (3.4%, n=88). For these data, both the 

unweighted correlation coefficient, 0.9766 (t-statistic = 7.865, p-value 0.004) and the slope of the weighted 

linear regression (points weighted inversely proportional to their standard errors), 0.773 (standard error 

0.085, p-value 0.003), are statistically significant, in that such convincing data of a relationship between 

correlation and accuracy would be unlikely to arise if, in fact, no association existed. 

Another method for assessing the significance of the unweighted correlation is through the simulation 

of a large number of trials on the basis of the data that were observed. For each trial, one can first 

simulate five confidence values, uniformly distributed between the endpoints that were observed: c1 is 

uniformly distributed between (0.05, 0.25) (mean is the observed 0.15); c2 is uniformly distributed 

between (0.25, 0.45) (mean is the observed 0.35); ... c5 is uniformly distributed between (0.85, 1.00). 

Next, one simulates five proportions using the observed conditions: a1 is a binomial variate (n = 25, p = 

0.234) divided by n = 25; a2 is a binomial variate (n = 39, p = 0.509) divided by n = 39; ... a5 is a binomial 

variate (n = 88, p = 0.887) divided by n = 88. For each trial with five simulated c values and their five 

corresponding a values, one calculates a Pearson correlation coefficient. Figure C-1 shows a plot of the 

five data points, with limits of one standard error on the estimated accuracies (left panel) and the 

histogram of the 1,000 simulated Pearson correlation coefficients (right panel). The median is 0.9534 

(close to the observed 0.9766), the upper and lower quartiles are 0.916 and 0.977, and the central 90% of 

the 1,000 values lie between 0.8650 and 0.993. Thus, an approximate 90% confidence interval for the true 

correlation coefficient, (0.865, 0.993) definitely does not include zero, a further indication of the 

significance of the Pearson correlation coefficient. 

The example above illustrates the importance of incorporating known uncertainty in the estimated 

accuracy for the confidence level category. The relationship between confidence and accuracy should take 

into account (1) the repeated responses of a limited number of “eyewitnesses” in the study, and (2) the 

uncertainty in an eyewitness’ “expressed confidence level.” The 2009 National Research Council report, 

Strengthening Forensic Science in the United States: A Path Forward, cited studies in which fingerprint 

examiners reached different conclusions when presented with exactly the same evidence at a later time.
6
 

Quite possibly, in many of these laboratory studies on which these confidence-accuracy relationships are 

based, participants may express different levels of confidence if presented with exactly the same set of 

circumstances and procedures six months later. 

The existing literature ranges on its assessment of the significance of the confidence-accuracy 

relationship, with some articles suggesting a very strong relationship and many others suggesting that it is 

weak or nonexistent. The lack of significance in the confidence-accuracy relationship may result from 

other factors not taken into account. For example, Smalarz and Wells
7
 suggest that restricting the plot to 

only those data corresponding to “choosers” may strengthen the relationship. Other factors that might 

affect the relationship include the presence or absence of weapon, the level of stress during the incident, 

and the length of exposure to the perpetrator. Roediger and colleagues state that 
8
      

                                                      
6
National Research Council, Strengthening Forensic Science in the United States: A Path Forward 

(Washington, D.C.: The National Academies Press, 2009), p. 139. 
7
L. Smalarz and G. L. Wells, “Eyewitness certainty as a system variable,” in Reform of Eyewitness 

Identification Procedures, ed. B. L. Cutler (Washington D.C.: American Psychological Association, 2013), 161–77.  
8
H. L. Roediger III, J. T. Wixted, and K. A. DeSoto, “The curious complexity between confidence and accuracy 

in reports from memory,” in Memory and Law, ed. L. Nadel and W. Sinnott-Armstrong (Oxford: Oxford University 

Press, 2012), 84–118. 
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the simple assumption usually made that confidence and accuracy are always tightly linked is 

wrong…the relation between confidence and accuracy depends on the method of analysis, on the 

target material being remembered, on who is doing the remembering, and (in situations where 

memory is tested by recognition) on the nature of the lures and distractors. In addition, there is more 

than one way to measure the relationship between confidence and accuracy, and not every way is 

equally relevant to what courts of law would like to know about the issue.  
 

Studies that incorporate numerous variables, as well as soliciting a confidence statement at various times 

(e.g., immediately, or 10 minutes after the incident, or 1 hour after the incident), need to be conducted. 

 

RECEIVER OPERATING CHARACTERISTIC ANALYSIS 
 

A receiver operator characteristic (ROC) is a reliable, time-honored assessment of test performance. 

ROC has been used for decades in the medical test diagnostic literature. As noted in Chapter 5, 

conventionally two procedures were compared using a single diagnosticity ratio: DR = HR/FAR = hit 

rate/false alarm rate, or sensitivity / (1 – specificity). Wixted and colleagues
9
 observed that the 

diagnosticity ratio, DR, can vary depending on an eyewitness’ expressed confidence level (ECL) and 

hence proposed the use of an ECL-based ROC curve to compare two lineup procedures (simultaneous 

versus sequential).  
 

The ECL-based ROC curve for a given procedure (e.g., simultaneous) is constructed as follows: 
 

1) Collect participants in a study and subject them to the experimental conditions. 

2) For each participant, record whether she or he accurately selected the correct suspect or 

accurately passed over the filler, and the expressed confidence level in the decision. 

3) Collect all the responses for participants who answered “100% confident” (say, n1 of them) and 

record the combined FAR (false alarm rate, or 1 – specificity) and HR (hit rate, or sensitivity) 

across n1 participants, (FAR1, HR1). 

4) Repeat step 3 for all participants who answered “90% confident” (or higher; say, n0.9 of them), 

resulting in the data pair (FAR0.9, HR0.9). 

5) Repeat step 3 for all participants who answered “80% confident” (or higher; say, n0.8), resulting in 

the data pair (FAR0.8, HR0.8). 

6) Continue to repeat step 3 for the groups of participants who answered “70% confident” ... “10% 

confident” (or higher; say, n0.7...n0.1 of them).  

7) Plot the ten data pairs, (FAR1, HR1), ..., (FAR0.1, HR0.1). 
 

This plot results in the ROC curve, whose points (HR, FAR) correspond to different ECLs. 
 

The plotted points usually are connected by straight lines, and the slope of the ROC curve at each of 

those plotted points represents the DR corresponding to that confidence category. The ROC curve 

illustrates the separate DRs rather than calculating a single DR collapsed across all confidence categories. 

As with the confidence-accuracy relationship, it is important to recognize the uncertainty in the estimated 

(FAR, HR) data points. How does the uncertainty in FAR and HR, and hence in the diagnosticity ratio (DR 

= HR/FAR), translate into uncertainty into the ROC curve? 

  

                                                      
9
L. Mickes, H. D. Flowe, and J. T. Wixted, “Receiver operating characteristic analysis of eyewitness memory: 

Comparing the diagnostic accuracy of simultaneous and sequential lineups,” Journal of Experimental Psychology: 

Applied 18, 361–376 (2012).  See especially pp. 362–65 for a description of ROC analysis in the medical literature 

and applied to the eyewitness identifications. 
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The effect of uncertainty in estimates of HR, FAR, DR (= HR/FAR) on the ROC curve can be seen by 

simulating new HR and FAR rates, assuming that the given HR and FAR rates are true “means” from the 

simulated distributions. As a first example, consider the set of data from Brewer and Wells
10

 which is 

cited by Mickes et al. in their Table 1 (p. 367). The data are: HR = (.090,.237,.320,.355,.370); FAR 

=(.002,.015,.030,.038,.041), leading to five diagnosticity ratios (rounded) DR = ( 45,16,11,9,9 ).  The 

article states that the experiment involved 1200 participants. 

As above, one can simulate each of the five hit rates and the five false alarm rates, with 4,000 

independent trials and 1,200 participants, in such a way that the means of the five distributions of hit rates 

(HRs) and the means of the five distributions of false alarm rates (FARs) equal the values observed in the 

experiment (e.g., (0.090, 0.237, 0.320, 0.355, 0.370) for HR and (0.002, 0.015, 0.030, 0.038, 0.041) for 

FAR), leading to five distributions of 4000 diagnosticity ratios (HR/FAR). For example, consider 

simulating 1,200 individuals whose HR is 0.090 = 9.0%. One expects that, on average, about (9%) × 

1,200 = 108 of the simulated 1,200 participants will have “hits.” When repeating this trial of 1,200 

individuals, the number might be 110, or 95, or some other number around, but usually not exactly, 108. 

Repeating the trial 4,000 times, one can average the 4,000 numbers (e.g., 108, 110, 95…), yielding a 

mean simulated HR. The advantage is that one can also use the 4,000 numbers to calculate a standard 

deviation.
11

 One repeats exactly the same exercise for the five FAR rates, yielding a mean FAR and a 

standard deviation, SDFAR. As noted in Chapter 5, in real life, HR and FAR will be estimated on the same 

set of 1,200 participants, so the two numbers, HR and FAR, in the five (HR, FAR) pairs, will be 

correlated. In the simulation, HR and FAR are independent, so the estimated uncertainties are likely to be 

optimistic; the real uncertainties could well be larger. One can then plot three sets of points (each set 

contains five points): (1) (mean HR, mean FAR) (this plot should look qualitatively similar to the one in 

Figure 6(A) in Mickes et al. (2012) (p.371); (2) (mean HR − SDHR, mean FAR − SDFAR) (these points 

should lie somewhat below the points plotted in (1)); and (3) (mean HR + SDHR, mean FAR + SDFAR) 

(these points should lie somewhat above the points plotted in (1)). 

Figure C-2 shows bands of one standard error in both HR and FAR, illustrating one source of 

uncertainty in estimating these two quantities. The same approach to calculating uncertainties was used 

for the two sets of (HR, FAR) values given by the “simultaneous” and “sequential” data in Mickes et al 

(2012) Table 3 (p. 372). The text indicates that Experiment 1A used n = 598 participants, so the 

simulation assumed n = 600. In Figure C-3, “M” refers to “siMultaneous” (solid, black), and “Q” refers to 

“seQuential” (dash, red). Note that the “M” and “Q” points look roughly in the same pattern as in their 

Figure 6A (p. 371). Note the substantial overlap in the bands of “one standard deviation” surrounding 

each of the data points, indicating no “statistically significant” differences between the “M” 

(simultaneous) and “Q” (sequential) points.
12

 If one were to take into account the effects of using the 

same eyewitness in the same study with different responses to different tasks, the variability would be 

even larger. 

When the same exercise for the data in Experiment 2 (n=631) is repeated, similarly ambiguous results 

(see Figure C-4) are obtained. As Mickes and colleagues suggest, the differences between simultaneous 

and sequential are even less impressive, and especially so once bands of one standard errors around the 

points are shown.     

                                                      
10

N. Brewer and G. L. Wells, “The confidence-accuracy relationship in eyewitness identification: Effects of 

lineup instructions, foil similarity, and target-absent base rates,” Journal of Experimental Psychology: Applied 

12(1): 11–30 (2012) (as cited by Mickes et al., Table 1, p. 367). 
11

Or Standard Deviation Hit Rate (SDHR) which also can be obtained from standard formulas for the standard 

deviation of the binomial distribution. See G. Snedecor and W. Cochran, Statistical Methods, Sixth Ed. (Ames, 

Iowa: Iowa State University Press, 1967). 
12

The bands of two standard deviations would overlap even more. 
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These further analyses on these published data sets suggest the following conclusions. 
 

1) The strength of the confidence-accuracy relationship involves uncertainty in the measures of both 

A (accuracy) and C (confidence), as well as other factors that can influence the relationship. 

2) An ROC curve incorporates more information than a single DR (diagnosticity ratio = HR/FAR) 

using a third variable (different test thresholds in the medical literature; in the present context, 

different expressed confidence levels (ECLs); i.e., HR and FAR at different expressed confidence 

levels). As is true with any data, the data from which an ROC is constructed (FARs, HRs, 

expressed confidence levels) have uncertainty, and that uncertainty is passed on to the ROC. A 

naive comparison of two ROCs without recognizing that uncertainty can be misleading. As with 

any tool, one must be careful in how one draws inferences when comparing ROC curves. 

3) Other methods for comparing two procedures (in which the outcome is a binary classification 

such as “identification” / “no identification” of an individual) exist in other literature.
13

 

 

These analyses considered only the most obvious form of random measurement error. The ROC may 

be influenced by other sources of bias; these sources are not considered or displayed in the plots shown 

here (see Chapter 5). Also, the ROC curve takes into consideration only the probability that an eyewitness 

who makes a positive identification of a suspect has correctly identified the true culprit (positive 

predictive value); it does not take into consideration the rule-out probability that an eyewitness who fails 

to make an identification of a suspect has correctly recognized that the suspect is not the true culprit 

(negative predictive value) (see Chapter 5). 
 

 

 

FIGURE C-1 Data Inferred from Juslin et al
14

 

                                                      
13

See, e.g., T. Hastie, R. Tibshirani, and  J.H. Friedman, The Elements of Statistical Learning: Data Mining, 

Inference, and Prediction (New York: Springer, 2009) for a discussion on classification and evaluation methods of 

statistical machine learning research. 
14

Adapted from Juslin et al., “Calibration and Diagnosticity of Confidence in Eyewitness Identification: 

Comments on What Can Be Inferred From the Low Confidence-Accuracy Correlation,” Journal of Experimental 

Psychology: Learning, Memory, and Cognition 22(5): 1304-1316 (September 1996).  The left panel plots 

confidence-accuracy data from p. 1311. Data are pooled into five categories; accuracies are inferred from p. 1313.  

Data are shown with limits of one standard error and weighted least squares regression line. The right panel is a 

histogram of 1000 simulated Pearson correlation coefficients, using data from 5 categories shown in right panel. The 
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FIGURE C-2 Data from Brewer and Wells

15
 

 

 

 
FIGURE C-3 Data from Experiment 1A in Mickes, Flowe, and Wixted

16
 

                                                                                                                                                                           
central 90% of the simulated values lie between 0.853 and 0.993, indicating that the true unweighted Pearson 

correlation coefficient is significantly different from zero. Courtesy of Karen Kafadar. 
15

Adapted from N. Brewer and G. L. Wells, “The confidence-accuracy relationship in eyewitness identification: 

Effects of lineup instructions, foil similarity, and target-absent base rates,” Journal of Experimental Psychology: 

Applied 12(1): 11–30 (2006).  This data was cited by L. Mickes, H. D.  Flowe, and J. T. Wixted, “Receiver 

Operating Characteristic Analysis of Eyewitness Memory: Comparing the Diagnostic Accuracy of Simultaneous 

Versus Sequential Lineups,” Journal of Experimental Psychology-Applied 18(4): 361–376 (2012). Courtesy of 

Karen Kafadar. 
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FIGURE C-4 Data from Experiment 2 in Mickes, Flowe, and Wixted

17
 

 

 

ALTERNATIVE ANALYSIS TO CONFIDENCE-BASED ROC  

FOR COMPARING PROCEDURES 

 

As noted in Chapter 5, the diagnosticity ratio [hit rate / false alarm rate = HR/FAR = sensitivity/(1 – 

specificity)] can depend not only on an eyewitness’ tendency toward “conservative” or “liberal” 

identification (as measured by expressed confidence level), but also on numerous other factors, including: 

(1) lineup procedure (e.g., two levels: simultaneous versus sequential); (2) presence or absence of a weapon 

(two levels; more levels could be considered, such as gun, knife, towel, none); (3) stress (e.g., three levels: 

high, medium, low); (4) elapsed time between incident and exam (e.g., three levels: 30 min, 2 hours, 1 day); 

(5) race difference (e.g., two levels: same or different race; or four levels: eye-witness/culprit = white/white; 

white/non-white; non-white/white; non-white/non-white; non-white/white); (6) participant (e.g., N levels, 

corresponding to N participants). 

If a study is sufficiently large, one could develop a performance metric for each participant in the study 

corresponding to each of these conditions. For example, one could construct an ROC curve and calculate as 

the performance metric the the logarithm of the area under the curve, or log(AUC), for each person and each 

condition in the study. One could also use as a performance metric the logarithm of the odds (log odds) of a 

correct decision; e.g., log(HR/(1-HR)) or log((1-FAR)/FAR). 

 

Consider the following approach: 

 

Let yijklmnr denote the log(AUC) or a log odds (or another performance metric) for the r
th
 trial using 

participant n (n = 1, ...,N) for procedure i, weapon level j, stress level k, time condition ℓ, and cross-

race effect m.
18

 One could write: 

                                                                                                                                                                           
16

Adapted from L. Mickes, H. D.  Flowe, and J. T. Wixted, “Receiver Operating Characteristic Analysis of 

Eyewitness Memory: Comparing the Diagnostic Accuracy of Simultaneous Versus Sequential Lineups,” Journal of 

Experimental Psychology-Applied 18(4): 361–376 (2012). Courtesy of Karen Kafadar. 
17

Adapted from L. Mickes, H. D.  Flowe, and J. T. Wixted, “Receiver Operating Characteristic Analysis of 

Eyewitness Memory: Comparing the Diagnostic Accuracy of Simultaneous Versus Sequential Lineups,” Journal of 

Experimental Psychology-Applied 18(4): 361–376 (2012). Courtesy of Karen Kafadar. 
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yijklmnr = μ + αi + βj + γk + δl + φm + (αβ)ij + ...(interactions)... + ϵijklmnr 

 

where μrepresents the overall average log(AUC) or log odds across all conditions, the next six terms 

reflect the main effects of A (lineup procedure: i = 1 for sequential and i = 2 for simultaneous); B 

(weapon: j = 1 for presence and j = 2 for absence of weapon); C (stress level: k = 1 for low, k = 2 for 

medium, k = 3 for high); D (elapsed time between incident and report: ℓ = 1 for 30 minutes, ℓ = 2 for 2 

hours, ℓ = 3 for 1 day); E (cross-race effect: m = 1 for same race and m = 2 for different races); F 

(participant effect: n = 1, 2, ...,N participants); “(interactions)” reflects the joint effect of two or more 

factors together; and the last term, ϵijklmnr represents any random error in the r
th
 trial that is not specified 

from the previous terms (e.g., measurement, ”ECL,” multiple trials). This approach would allow one to 

separate the effects of the different factors, to assess which factors have the greatest influence on the 

outcome (here, logarithm of the area under the ROC curve: bigger is better), and to evaluate the 

importance of these factors relative to variation among “eyewitnesses.” It may be that eyewitnesses are 

the greatest source of variability, dominating the effects of all other factors. Or it may be that, in spite of 

person-to-person variability, one or more factors still stand out as having strong influence on the outcome. 

Note that (1) other covariates could be included, such as age and gender of participant; and (2) the ROC 

curve need not be defined in terms of expressed confidence level thresholds, if a more sensitive measure 

of response bias (tendency toward “liberal” versus “conservative” identifications) can be developed. 

For example, C.A. Carlson and M.A. Carlson
19

 use partial area under the curve, or pAUC, as a 

summary measure of the information in an ROC curve (bigger is better), for each of twelve different 

conditions defined by three factors: (1) Procedure, three levels: simultaneous (SIM: suspect in position 4), 

sequential (SEQ2: suspect in position 2), sequential (SEQ5: suspect in position 5); (2) Weapon focus, two 

levels: present versus absent; (3) Distinctive feature, two levels: present versus absent. The data are 

provided in their Table 3, along with 95% confidence intervals.
20

 Because the length of a confidence 

interval is proportional to the standard error, pAUC values with shorter confidence intervals correspond to 

smaller standard errors and hence should have higher weights. The logarithms of the reported pAUC 

values and weights (reciprocals of the lengths of the reported confidence intervals) are given below in 

Table C-1. 

For the Carlson study, the data on all N = 2,675 participants (720 undergraduates and 1,955 

SurveyMonkey respondents) were combined, and expressed confidence levels were solicited on a 7-point 

scale. Variations in the twelve log(pAUC) values can be decomposed into three main effects (one each for 

procedure, weapon, and feature), and their two-way interactions. (The raw data may permit a more 

detailed analysis.) The data can be analyzed using a less complex model than that stated above (because 

the model has fewer terms): 

 

yijk = μ + αi + βj + γk + (αβ)ij + (αγ)ik + (βγ)jk + ϵijk 

 

where yijk denotes (5 + log(pAUC)) for procedure i (i = 1, 2, 3), weapon condition j (j = 1, 2), and feature  

k (k = 1, 2); μ represents the overall average log(pAUC) across all conditions; αi represents the effect of 

procedure i; βj represents the effect of weapon condition j; γk represents the effect of feature condition k; 

and the next three terms reflect the three two-factor interactions between the main factors. The analysis of 

                                                                                                                                                                           
18

When the performance metric is a log odds, this model is known as logistic regression; see, e.g., F. Harrell, 

Regression Modeling Strategies (New York: Springer-Verlag, 2001). A model where the performance metric is 

log(AUC) was studied by F. Wang and C. Gatsonis.  See F. Wang and C. Gatsonis, “Hierarchical models for ROC 

curve summary measures: Design and analysis of multi-reader, multi-modality studies of medical tests,” Statistics in 

Medicine  27: 243-256 (2008). 
19

C. A. Carlson and M. A. Carlson, “An evaluation of lineup presentation, weapon presence, and a distinctive 

feature using ROC analysis,” Journal of Applied Research in Memory and Cognition 3(2): 45–53 (2014). 
20

Carlson and Carlson , p. 49. 
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variance, where log(pAUC) values are weighted according to the values in the last column of Table C-1, 

is given in Table C-2 below. None of the factors is significant.
21

 It must be stressed that the complete set 

of raw data may yield a more powerful analysis with different results, as might a different summary 

measure of the ROC curve, such as AUC, or area under the ROC curve.
22

 
 

 

TABLE C-1 Conditions and Logarithms of Reported pAUC Values
a 

 

Condition  Procedure  Weapon  Feature  5 + log(pAUC)  Weight 

1  SIM Yes Yes 1.31112 47.6 

2  SIM Yes No 1.72983 33.3 

3  SIM No Yes 0.92546 55.6 

4  SIM No No 1.87643 45.5 

5  Seq2 Yes Yes 1.49344 47.6 

6  Seq2 Yes No 1.22774 47.6 

7  Seq2 No Yes 1.08798 52.6 

8  Seq2 No No 1.58875 41.7 

9  Seq5 Yes Yes 1.70316 38.5 

10  Seq5 Yes No 0.98262 58.8 

11  Seq5 No Yes 0.65719 66.7 

12  Seq5 No No 1.49344 55.6 
a
Adapted from data on pAUC from Table 3 in C. A. Carlson and M. A. Carlson. 2014. “An evaluation of lineup 

presentation, weapon presence, and a distinctive feature using ROC analysis,” Journal of Applied Research in 

Memory and Cognition 3(2): 45–53. The addition of “5” to “log(pAUC) is simply to avoid negative numbers; the 

inferences from the analysis remain unchanged. Courtesy of Karen Kafadar. 
 

 

TABLE C-2 Analysis of Variance Table for log(pAUC)
a 

 

Source of Variation Degrees of Freedom Sum of Squares  Mean Square F-statistic p-value 

Procedure  2  8.04  4.02  1.129  0.470 

Weapon  1  2.94  2.94  0.826  0.460 

Feature  1  14.72 14.72 4.138 0.179 

Procedure×Weapon 2  0.59 0.30  0.083  0.923 

Procedure×Feature  2  10.41  5.21  1.463  0.406 

Weapon ×Feature  1  34.80  34.80  9.780  0.089 

Residuals  2  7.12  3.56   
a
Adapted from data on pAUC from Table 3 in C. A. Carlson and M. A. Carlson. 2014. “An evaluation of lineup 

presentation, weapon presence, and a distinctive feature using ROC analysis,” Journal of Applied Research in 

Memory and Cognition 3(2): 45–53. Courtesy of Karen Kafadar. 

                                                      
21

We can decompose the two degrees of freedom in the sum of squares for Procedure (three levels), 8.04, into 

two single degree of freedom contrasts, seq2 versus seq5 (4.14), and sim versus the average of seq2 and seq5 (3.90), 

and consider all pairwise interaction terms among the four “main effects.” All single degree-of-freedom effects 

remain non-significant, in either this weighted analysis or in an unweighted analysis. 
22

For a discussion of the advantages and disadvantages of using AUC versus pAUC as a summary measure, see 

S. D. Walter, “The partial area under the summary ROC curve,” Statistics in Medicine 24(13): 2025–2040 (July 

2005). 
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