
 

 

Lay Interpretation 

 of the Questioned Document Examiner’s 

Verbal Conclusion Scale 

 

 

 

 

 

BY 

EMILY MIDORI NAKAMOTO 
B.A., University of Southern California, 2017 

 
 
 

 
 
 

THESIS 
 

Submitted as a partial fulfillment of the requirements 
for the degree of Master of Science in Forensic Science 

in the Graduate College of the 
University of Illinois at Chicago, 2019 

 
 

Chicago, Illinois 
 

Defense Committee: 
 
  AK Larsen Jr. PhD, Chair and Advisor, Pharmaceutical Sciences 
  Dr. Ashley Hall, Pharmaceutical Sciences  
  Dr. Donald Waller, Pharmaceutical Sciences 
             Charles Steele M.S, Purdue University Northwest 



 ii 

Dedicated to my parents, Rod and Elsie, 
And my partner Ted. 

All of whom supported my fervent data collection 
Through these wild Chicago winters. 

(-40°F) 
 

Brrrr… 
Data… 
Brrrr… 
Data… 

 
And to my cats, Yam and Rainy, 

Who take pride in ensuring that I’m awake 
At the crack of dawn 

Every day. 
 

Thank you 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 iii 

ACKNOWLEDGEMENTS 

I would first like to thank my thesis advisor, Dr. Larsen, of the University of Illinois at Chicago. 
He has been incredibly encouraging and gone above and beyond to help me tackle every hurdle 
along the way. Even his office, which he stocks full of chocolates and at least 15 plants, is 
special and will be remembered as a warm work space. I can’t thank him enough. 
 
I would also like to thank the experts who advised and cultivated this research project. Professor 
and committee member Dr. Ashley Hall, statistics advisor and committee member Charles 
Steele, committee member Dr. Waller, and Psychology Professor Dr. Alex Demos. Additionally, 
the University of Illinois at Chicago for awarding my research the funding it needed. 
 
I’m also very grateful to Tina Griffin for helping me through the one of the most challenging 
parts of this research study: starting from scratch. She introduced and taught me how to utilize 
the resources available. Tina is a hero! 
 
Dr. Ted Hsu deserves a big shout-out for editing my thesis through its numerous, lengthy drafts. 
Moreover, Ted always made sure I was having fun in Chicago with salsa dancing, running, and 
baking.  
 
My siblings, Brynn and Scott, have been wonderful cheerleaders throughout my studies. Their 
optimism has motivated me to keep pushing and striving for more. Similarly, my aunts, uncles, 
and cousins have offered such support. To Uncle Brian, Uncle Doug and Aunty Kris, Raymond, 
Aunty Patricia, Duncan, Cameron, Kira, Reni, Colemans, Bonnells, Nakashimas… Love you!  

To my friends, I couldn’t have done it without you. Katrina, Kallista, Steph, Tran, Kris, Jim, 
Corinne, Ryan, Vaibhav, Sharon, Dave, Dean, Janice, and more (you know who you are)- thank 
you for all the awesome mail, hilarious messages, and overall support. It’s finally time to 
celebrate!  

Finally, I must express my profound gratitude to my parents for their unwavering support and 
encouragement. From moving to a new city to wrapping up this thesis project, I can absolutely 
say that this accomplishment would not have been possible without them. Thank you and love 
you! 

 

 

 

EMN 

 



 iv 

TABLE OF CONTENTS 

CHAPTER                                                                                                                          PAGE 
 
I. INTRODUCTION........................................................................................................                       

 
II. CONCEPTUAL FRAMEWORK AND RELATED LITERATURE...........................        

A. Court Cases that Defined Expert Witness Admissibility..................................         
B. Expert Testimony Factors Affecting Jurors......................................................        

1. Juror judgement of expert witness qualifications..................................      
2. Gender of expert and complexity of testimony.....................................       
3. Expert and translator’s speech hesitations.............................................       

C. Conclusion Scales..............................................................................................       
1. Administrative divisions cause differing conclusion scales..................       
2. Questioned Document Examiner’s conclusion scale.............................      
3. Phrases to avoid.....................................................................................       

D. National Academy of Science (NAS) 2009 report............................................      
E. Previous Research on Probabilistic Terminology.............................................       

1. Verbal versus numerical probabilities...................................................       
2. Pattern evidence analysis struggles to give precise uncertainties.........        
3. Probability phrase context dependence.................................................       
4. Weak evidence effect............................................................................       
5. Likelihood ratio.....................................................................................       

F. Previous Literature on Lay Interpretation of Verbal Conclusion Scales..........        
G. Amazon Mechanical Turk and Selection Strategy............................................       

1. Online versus traditional sampling methods.........................................       
2. Inattention rates.....................................................................................    
3. Instructional manipulation checks.........................................................    
4. Guarding against inattention: brevity, value, & monetary compensation 

 
III. MATERIALS AND METHODS..................................................................................  

A. Survey Design and Administration…............................................................... 
B. Sample............................................................................................................... 

1. Selection criteria....................................................................................  
2. Size and participant exclusion...............................................................    

C. Data Analysis....................................................................................................   
 
IV. RESULTS.....................................................................................................................    

A. Demographic Information.................................................................................  
B. Research Survey: Verbal Term Accuracy......................................................... 

 
V. DISCUSSION ON SURVEY DEVELOPMENT.........................................................    

A. General Survey Features....................................................................................  
B. Research Survey Development..........................................................................    
C. Demographic Survey Development................................................................... 

         D. Survey Validation...............................................................................................   

1 
 
4 
4 
7 
7 
8 
10 
11 
12 
12 
13 
13 
14 
15 
16 
18 
19 
19 
20 
22 
23 
24 
25 
25 
 
29 
29 
30 
30 
30 
31 
 
33 
33 
33 
 
42 
42 
42 
45 
47 
 
 
 



 v 

1. Pilot testing..............................................................................................    
2. Secondary pilot testing.............................................................................     
3. Institutional Review Board......................................................................   

 
VI. DISCUSSION ON THE RESULTS................................................................................    
 
VII. CONCLUSION................................................................................................................ 

 
VIII. APPENDICES..................................................................................................................    

Appendix A..........................................................................................................    
Appendix B.......................................................................................................... 
Appendix C.......................................................................................................... 
Appendix D..........................................................................................................    
Appendix E........................................................................................................... 

 
IX. CITED LITERATURE..................................................................................................... 

X. VITA.................................................................................................................................    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

47 
50 
52 
 
54 
 
59 
 
61 
61 
73 
76 
77 
94 
 
95 
 
103 



 vi 

LIST OF FIGURES 

FIGURE                                                                                                                          PAGE 
 

1A.   Participants’ numerical translation of the verbal terms; no context.............. 
 

1A.   Participants’ numerical translation of the verbal terms with context............ 
 

2A.   Mean over and undervaluing per verbal term; no context............................ 
 
2B.   Mean over and undervaluing per verbal term with context.......................... 
 
3.      Mean absolute error for question sets 1 and 2.............................................. 
 
4.      Mean absolute inaccuracy per verbal term with and without context........... 

 
                  5A.    Pearson correlation p value heatmap for question sets 1 and 2.................... 
 
                  5B.    Pearson correlation r value heatmap for question sets 1 and 2..................... 
 

      6.       Secondary pilot study: mean absolute error for question sets 1 and 2.......... 
 
 
 

 
 

 

34 
 
35 
 
36 
 
37 
 
38 
 
39 
 
40 
 
41 
 
51 
 
 



 1 

I. INTRODUCTION 

 

When 83-year-old Modine Wise was assaulted in 1989, her failing eyesight hindered her 

ability to later identify the perpetrator. Attaining justice relied upon the forensic scientist’s 

analysis and testimony on the two pieces of forensic evidence available, a rape kit and two hairs 

found on Wise’s bed. FBI-trained forensic scientist, Elinos Whitlock, compared these hairs to 

those of suspect Timothy Bridge and ultimately testified to a “strong identification” in which it 

was “likely” that the hairs originated from Bridge1. Following Whitlock’s confident testimony, 

innocent Bridge was wrongfully sentenced and served 25 years in prison before DNA analysis of 

the bodily fluid evidence exonerated him. This case is a harrowing example of what can happen 

when a forensic scientist misrepresents the strength of the evidence and thus misleads a jury. It is 

a forensic scientist’s duty to remain objective, employ validated scientific techniques, and relay 

conclusions to triers-of-fact in a clear, standardized manner. The research presented herein aims 

to investigate the conclusion scale terminology used by Questioned Document Examiners in an 

effort to improve communication between jurors and expert witnesses. By assessing juror 

opinions for specific phrases, expert witnesses will be better equipped to avoid gross errors such 

as the overstatement of evidence leading to Bridge’s wrongful conviction.  

A single criminal trial can require expert testimonies from multiple pattern disciplines in 

Forensic Science such as Firearms, Latent Fingerprints, and Questioned Documents. In court, 

pattern experts discuss the relevant evidence and then relay their final conclusion and how 

confident they are in their findings. Forensic Scientists in each of the pattern disciplines relay 

their opinions through disparate verbiage, vetted by their particular consensus standards. For 

example, Questioned Documents currently abide by conclusion terminology standards developed 
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by the Scientific Working Group for Forensic Document Examination (SWGDOC). In contrast, 

Latent Fingerprints adheres to consensus body standards vetted by their Scientific Working 

Group for Friction Ridge Analysis. With each discipline using different conclusion terminology 

in court, the variation may mislead jurors such as in the case of Timothy Bridge. Jurors may 

falsely believe that certain evidence conclusions are far more important than others, simply due 

to differing word choice2-5. With this in mind, the federally funded Organization of Scientific 

Area Committee (OSAC) Forensic Document Examination subcommittee is explicitly requesting 

further research validating the conclusion scale used by Forensic Document Examiners. 

 Assessing juror interpretation of conclusion scale terminology requires a preliminary 

investigation into the many potential confounds. It is known that there are a number of factors 

that influence triers-of-fact in addition to testimonial content such as contextual information, the 

expert’s gender, and speech style6-11. The conclusion scale is also at risk of inducing a “weak 

evidence effect”, which would further separate juror and expert witness understanding2,12. 

Examination of the confounds and terminology already in use will ultimately help conclude what 

is the most effective way to relay an evaluative opinion.  

After a thorough literature review of the many influencing factors, this research project 

will assess jury-eligible participant’s opinions on Questioned Document Examiner’s conclusion 

scale through the use of a well-developed survey and subsequent data analysis. The specific aim 

of this research will be to evaluate if jurors hold a proportional amount of weight behind each of 

the nine conclusive phrases in comparison to the Questioned Document Examiner’s intended 

meaning. If this is not the case, data must be analyzed to pinpoint which particular words are 

causing the miscommunication. We hypothesize that participants will not understand the 

terminology in alignment with the conclusion scale. In order to test this hypothesis, the following 
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aims and goals must be met: Aim 1: Develop research and demographic surveys with Goal 1: 

Design questions and answer choices and Goal 2: Determine how and where to find a wide 

sampling of jury-eligible participants. Aim 2: Survey validation via pilot studies with Goal 1: 

Administer pilot studies and Goal 2: Statistical analyses, interpretation, and revision. Aim 3: 

Final survey administration with Goal 1: Publish finalized and approved survey and Goal 2: 

Collect and interpret data. Each of these aims and goals are detailed and explained below in the 

“Materials and Methods” section of this thesis. 

 In regards to the broader impact of this thesis research, improving communication 

between experts and triers-of-fact could assist all future criminal trails. It would be ideal for 

forensic science in the United States to have one validated scale in use by not only the 

Questioned Documents discipline, but by the entire field of Pattern Evidence (Latent 

Fingerprints, Toolmarks, Blood Spatter, and Firearms). This would promote widespread 

standardization and thus eliminate confusing, field-specific variations presented in court. It is 

critical that a jury understands the evidence conclusions, to what degree of confidence the 

conclusions were made, and how much weight they should hold to the specific testimony. 

However, contextual information affects lay person perception of the conclusion scale terms and 

thus researchers should specifically investigate one forensic discipline’s verbal scale within its 

own context. Researchers have begun seeking alternative methods to verbal conclusion scales 

such as likelihood ratios and membership functions, but forensic verbal scales still require further 

investigation. Ultimately, a jury’s comprehension of the expert’s testimony directly affects the 

outcome of many criminal cases and therefore the judicial system’s ability to identify the guilty 

and exonerate the innocent. 
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II. CONCEPTUAL FRAMEWORK AND RELATED LITERATURE 

 

A. Court Cases that Defined Expert Witness Admissibility 

 In 1923, James Frye appealed his second-degree murder conviction in what was to become 

a foundational case for the basis of expert witness admissibility. Before further discussion of my 

thesis research that aims to evaluate specific verbiage used by expert witnesses, it’s imperative to 

understand the court rulings that determined the role and limitations of expert witnesses. Frye v. 

United States and the subsequent Daubert v. Merrell Dowell Pharmaceuticals Inc. case laid out the 

specificities defining who may deem a person as an “expert witness” and the standards they must 

meet. These cases are relevant to Forensic Scientists as it is their duty to not only analyze the 

criminal evidence but also relay their expert opinion via court testimony when needed.  

 After confessing to his second-degree murder charge, Frye then retracted his statement 

and instead wanted the chance to declare his innocence in front of the jury while strapped to a lie 

detector machine for all to see. The significance of this case is now known as the “Frye standard 

of general acceptance”. In the conclusion of Frye’s case, the Federal Appellate Court ultimately 

ruled against use of the systolic blood pressure deception test and its operator’s expert testimony. 

This set the precedent that expert testimony must be based on scientific techniques that have 

been generally accepted by the scientific community13. The systolic blood pressure deception test 

had not yet been peer-reviewed nor fully accepted. The requirement for peer reviewed papers are 

a clear manifestation of the Frye standard; however, the expert testimony must also be relevant, 

material, and competent13. In other words, the techniques used and the following testimony must 

be of value to the case, reliable, and help the triers-of-fact better understand the issue at hand. 
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Soon, the Federal Rules of Evidence and the Daubert v. Merrell Dow case would better define 

the Frye Standard along with a few alterations.  

While the Frye Standard was clear about the community acceptance (e.g., peer review) 

needed for scientific techniques used in testimony, it remained somewhat unclear in regards to 

who may be an expert and the methodologies behind the peer reviewed techniques. In 1975, the 

Federal Rules of Evidence (FRE) Rule 702 provided more guidelines. Rule 702 states that the 

witness must be an expert by knowledge, skill, experience, training, or education and that the 

testimony must be a product of reliable principles and methods14. Daubert v. Merrell Dow 

Pharmaceuticals, Inc. further added to the specificities when Merrell Dow was accused of selling 

medications that caused birth defects. As there were unpublished pharmacological studies 

indicative of birth defects in vitro and in vivo animal studies, the issue was whether or not those 

data met the Frye Standard of general acceptance. With FRE Rule 702 support, the Supreme 

Court ruled that the admissibility of expert testimony does not depend only on Frye’s general 

acceptance and conclusions generated by scientific experiments, but rather on the methodology 

and principles as well. Thus, the preliminary data of sound methodology was allowed to serve as 

evidence against Merrell Dow. Furthermore, this case determined that trial judges are the final 

arbiter or “gatekeeper” on admissibility of evidence and acceptance of an expert witness per 

trial15. For each court case in which a forensic scientist is called to testify, the judge reviews their 

qualifications and reports before deciding whether or not the person may be deemed an expert.  

 Following the mentioned updates and alterations, Joiner v. General Electric (1997), 

Kumho Tire v. Carmichael (1999), and United States v. Melendez Diaz (2009) further refined 

the rules regarding expert witnesses. These three cases are now known as the “Daubert Trilogy”. 

Joiner v. General Electric and Kumho Tire v. Carmichael made refinements including the claim 
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that there’s no need to draw a distinction between “scientific” and “technical” knowledge, 

additional support for the judge as gatekeeper with an “abuse of discretion” clause, and 

clarification that the judge must focus on methodology and techniques rather than on the  

conclusions found16,17. Most relevant to forensic scientists was the precedent set by the third case 

of the Daubert trilogy, United States v. Melendez Diaz. This case cited the 6th amendment of the 

Bill of Rights, and stated that since the accused have rights to confront witnesses against them, 

the forensic scientist who worked the evidence may not submit an affidavit but instead be present 

at trial, aside from certain exceptions18,19. Since this trial concluded, analysts now receive many 

subpoenas and there is a decreased risk of misinforming the jury because the analysts themselves 

are most often speaking for their own work. As these alterations to the Frye standard came to 

rule, the precedent set by the Daubert v. Merrell Dow case was set as the federal guideline and as 

a result, states are allowed to choose which ruling to follow for their particular state 

jurisdictions13. Currently, around 16% of states in the U.S adhere to Frye standards whereas 78% 

of states follow Daubert guidelines20. The remaining 6% of states judge expert witness testimony 

via their own individualized approach.  

In summary, the role of an expert witness, either under the Frye standard or Daubert 

ruling, is to bring knowledge to the trier-of-fact in order to help the case come to a fair 

sentencing. Forensic scientists give a voice to the physical evidence by following techniques 

accepted within the appropriate scientific community. Each judge per trial will assess the 

qualifications and methodologies of the forensic scientist and then decide whether they may 

serve as an “expert witness” or not. Furthermore, the United States v. Melendez Diaz case 

mandates that the forensic scientist be present at the trial when necessary. Expert witnesses are a 
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critical part of the justice system as they are needed to explain their analytical process/knowledge 

to the jury and the accused must be given the chance to question their methods and results.  

B. Expert Testimony Factors Affecting Jurors 

While it’s important to understand the court cases that set precedent for expert witness 

admissibility by a judge, it is equally necessary to understand how jurors perceive an expert’s 

qualifications. My thesis research will examine juror understanding of specific words used by the 

experts, but first previous literature on additional expert witness effects must be reviewed. For 

example, the expert’s personality, presentation style, gender and even speech hesitations have 

been shown to affect juror’s opinions on the case evidence presented. Researching these effects 

is critical because trials by jury rely on the jury’s full understanding of the evidence so they may 

reach a fair conclusion. Additionally, the Constitution of the United States Amendment VII 

states that, “no fact tried by a jury, shall be otherwise re-examined in any Court of the United 

States…”19 Thus, it is very uncommon for a judge to deem a particular jury incompetent and as a 

result, initial jury conclusions stand with finality.  

1. Juror Judgement of Expert Witness Qualifications 

The prosecutor and defense offer the jury polarizing arguments and expert witnesses who 

are meant to corroborate their differing theories. Litigators may fear that the juries will be too 

gullible when listening to the opposing argument, however numerous studies have shown that 

juries are quite aware of the adversarial process21. Jurors exhibit skepticism of expert testimony 

and after hearing all arguments, they do not explicitly mention how superficial factors such as an 

expert’s personality or other physical attributes affect their opinion as many researchers 

hypothesized they would22,23. However, it is known that there are many factors implicitly 

affecting jurors despite their outward denial of such influence. Specifically, when the prosecutor 
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and defense both have engaging expert witnesses offering contradictory statements, the jurors 

begin to rely more heavily on their general impressions of the experts testifying6. Ivković and 

Hans assessed the breadth of external influencing factors by examining 269 jurors and recording 

55 semi-structured interviews. They questioned jurors about how they decided upon a verdict 

and asked them to discuss the factors that affected their decision. The juror’s responses were then 

analyzed and roughly split into two main categories: discussion on the personal aspects of the 

expert and comments about the testimonial content. Results showed that 33.2% of the comments 

discussed the expert’s credibility (e.g., presentation style, clarity, enthusiasm), 31.1% were about 

the expert’s credentials and motives (e.g., institutional affiliation and sympathy), 20.6% of 

comments voiced general impressions of the expert (e.g., attitude and personality) and only 15% 

of comments were about testimonial content21. This research article highlighted the fact that 

there are numerous sources of expert witness influence that reach far beyond the content of 

testimony alone.  

2. Gender of Expert and Complexity of Testimony 

Numerous published articles have documented gender differences in which women as 

experts are rated less favorably than men24, however more current research has honed in on 

which specific situations exacerbate the differences25. A review of this literature is necessary to 

understand potential biases perceived during forensic science expert testimony for differing case 

subjects (e.g., homicides, crimes against children, sexual assaults) and the relation between 

gender and testimony complexity. 

 In regards to domain-related gendered effects, it has been shown that jurors are 

influenced by the expert’s gender when the case subject involves battered women. When the 

expert witness is female, the female jurors were more likely to believe the battered women’s 
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claims of self-defense against her abuser. Male jurors responded to the female expert witnesses 

with an even more pronounced gendered effect of believing the defendant when compared to 

male response to male expert testimony7,26. Furthermore, there are gendered effects when court 

cases fall under the domain of child abuse. Both male and female jurors more strongly supported 

the abused children’s self-defense claims when the expert testifying was a woman10. It has been 

speculated that these effects arise due to social constructs of traditional gender roles and 

stereotyping. In the domain of child abuse, jurors may assume that women are better at 

understanding a child’s needs and therefore are more qualified as an expert in this subject. 

Domain specific gendered effects are biases that must be taken into consideration when trying to 

understand how jurors are affected by factors other than testimonial content alone. 

 Expert witnesses are tasked with relaying highly technical information to a lay audience. 

Interestingly, the gender of the expert and the complexity of their testimony are intertwined. 

Research suggests that jurors respond more favorably to expert witnesses who speak in alignment 

with stereotyped language expectations. For example, it has been shown that jurors prefer male 

experts testifying with either complex or simple language and yet are less persuaded by female 

experts using complex language11. These results are partially explained by the fact that the 

participants held gender related language expectations in which complex testimonies were seen as 

masculine in contrast to simpler, more understandable testimony being associated with femininity. 

Jurors perceived a female witness speaking in complex terms to be gender-incongruent and 

therefore less effective11. Additional research on this topic revealed surprising results. It was 

expected that when male and female experts relayed their findings with simple terms, that jurors 

would accept the information equally. However, it was instead found that in this situation, mock 

jurors prefer the female’s simple testimony over their male counterparts8. This gendered bias 
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related to testimony complexity can be best decreased if all experts relay their findings as clearly 

as possible to the jury27 and by studies that specifically research effective word choice.   

3. Expert and Translator’s Speech Hesitations 

As there are many ways to phrase a sentence, different expert witnesses utilize varying 

linguistic approaches when testifying in court. These variations are exacerbated when witnesses 

require a translator because of language barriers. Previous literature has shown that jurors’ 

estimation of the defendant's culpability is reliant on whether the expert spoke with either 

“powerful” or “powerless” speech. Powerful speech was characterized as blunt statements made 

in active voice whereas powerless speech included filler words such as “I guess” and “I’d really 

appreciate it if”, question intonations, and polite phrases in passive voice. Results clearly showed 

that jurors rate witnesses who use powerful speech as far more credible, believable, and 

trustworthy than those who use powerless speech28. However, when further investigated, 

researchers found a dramatic cultural difference in juror reaction to powerless and powerful 

speech, because these aspects are interpreted differently. For example, it was found that 

powerless speech is considered a positive attribute in Latin America as the wording is politer. 

Contrastingly, Anglo Americans strongly prefer powerful speech as their culture positively 

supports concise language. This was demonstrated by having mock jurors listen to separate 

testimonies with a controlled difference, which created either a powerless or powerful testimony, 

followed by opinion assessment. Hispanic participants found no difference between the two 

testimonies whereas Anglo Americans found the powerless speech testimony to be incompetent 

and untrustworthy9 . These findings were further supported by research showing that jurors are 

more likely to judge the expert witness positively when the testimony was spoken in their 
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dominant language29. Current research has taken these research aims, gone forward, and 

investigated the nuances. 

The topic of expert speech hesitations and its effects related to translators is still 

extremely relevant as many court trials use translators throughout the entire process. Research by 

Mendoza and colleagues honed in on this issue by creating an expert testimony control (with 

speech hesitations and without) and used Spanish-speaking, bilingual (Spanish and English), and 

English-speaking participant groups. Results show that jurors were impartial to whether or not 

the testimony was translated (both did not include any speech hesitations). This was interpreted 

by the fact that the three participant groups were equally likely to convict the suspect after both 

an expert witness and a translator gave the testimony30. However, there were cultural differences 

relating to the witness’ speech hedges and hesitations. Bilingual and English-dominant jurors 

found testimony with hesitations to be less trustworthy, which is in agreement with previous 

literature9,29, whereas Spanish-dominant jurors were unaffected by hesitations as their culture 

favors polite speech forms. What separates this newer study from previous research is that the 

bilingual juror effects are in alignment with English-dominant jurors; it’s speculated that the 

American bilingual jurors are more comfortable and familiar with English preference for concise 

verbiage and therefore find this style to be more persuasive. Additionally, this study found that 

the translator’s speech hesitations and hedges did not impact verdict sentencing by any of the 

three participant groups9.  This research is critical as 96.8% of court interpreter requests in the 

United States are for Spanish translation9,31. Thus, the effects of the translator are less than what 

was emphasized by previous literature, but the difference in powerless and powerful speech by 

the expert witness remains an influencing factor on jurors' opinions.  

C. Conclusion Scales 
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1. Administrative Divisions Cause Differing Conclusion Scales  

Forensic science is categorized into numerous disciplines, each of which are under the 

administration of the National Institute of Standards and Technology (NIST) Organization of 

Scientific Area Committees (OSAC). OSAC aims to provide standardization and ensure that all 

forensic analyses are executed with reliability and reproducibility. Specifically, Scientific 

Working Groups (SWG’s) under OSAC oversight are in charge of validating and vetting the 

specific language that their forensic experts are allowed to use in courtroom testimony. These 

words constitute the “conclusion scale” of phrases that are relied on by expert witnesses to 

explain their degree of confidence in their evidence conclusion to a jury. Since SWGs are 

convened for each forensic science discipline and are charged with standardizing language for 

their section, a large issue arises from the differences between the SWG disciplines. For 

example, the SWG for Friction Ridge Analysis, Study and Technology guides their experts to 

use the conclusion “individualized” in order to state the highest degree of confidence such as in 

the testimony, “the print was individualized with the suspect”32. Contrastingly, the SWG for 

Questioned Documents (SWGDOC) guides their experts to use the word “identification” to 

express the highest degree of confidence in a conclusion such as in the statement, “the 

questioned document was identified as the handwriting of John Doe”33. The issue is that this 

differing verbiage between forensic disciplines may confuse jurors who need to weigh the 

relative importance of the evidence presented. Many criminal trials involve multiple pieces of 

evidence from the various disciplines, which cause jurors to hear differing expert testimonies one 

after the other. The lack of cohesion is a problem that requires attention and ideally these verbal 

scales must be researched within the correct context.  

2. Questioned Document Examiner’s Conclusion Scale 
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My thesis research is studying the Questioned Document Examiner’s conclusion terms to 

seek insight on lay interpretation. As dictated by SWGDOC, there are nine terms for Questioned 

Document Examiner expression of evidence conclusions. These phrases include the following: 

identification, strong probability, probable, indications, no conclusion, not indicated, probably 

did not, strong probability did not, and elimination33. Currently, there are no validation studies 

available to the public that assess these conclusive phrases. 

3. Phrases to Avoid  

Some researchers are in favor of standardizing verbiage, but warn against the use of 

specific words that were common place in forensic science testimony, but are now avoided. It 

has been noted that the words “consistent with” and “match” should not be used34. For example, 

the phrase “consistent with” has been used in testimony such as, “the handwriting sample was 

consistent with the suspect, John Doe,” but this word lacks relevance. Most lawyers and 

scientists used this phrase to imply an opinion of strong support, however it confuses jurors 

because it could additionally be said that, “the handwriting sample was also consistent with John 

Doe’s neighbor.” This phrase can too easily mispresent the causality of the evidence presented. 

Use of the word “match” has also been discouraged because it has multiple meanings. “Match” 

can either mean that two objects share a characteristic (e.g.,, same material or other class 

characteristic) or that the two items came from the same source. Furthermore, it has been argued 

that “match” is overly conclusive and can cause the jury to hold excessive weight unto the 

testimony. Conclusion scale verbiage has evolved from problematic wording like “match” and 

“consistent”, but currently used and newly proposed words must be carefully considered34-36. 

D. National Academy of Science (NAS) 2009 Report 
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In 2009, the National Research Council of the National Academies published an 

infamous critique of forensic science, Strengthening Forensic Science in the United States: A 

Path Forward36. This report brought many issues to light such as the lack of error rates 

associated with Pattern Evidence disciplines, forensic science origin and current ties to law 

enforcement, rigor of quality assurance guidelines and many more. While this report 

immediately sparked discussion and some polarizing commentary, this NAS report 

comprehensively critiqued current conclusion terminology and provided useful recommendations 

to help resolve these issues. 

In regards to reporting and testifying standards, the NAS report mirrored critiques 

discussed previously about the pitfalls of certain phrases. For example, it’s noted that “matched,” 

“consistent with,” and “similar in all respects tested” are terms that can “have a profound effect 

on how the trier of fact in a criminal or civil matter perceives and evaluates evidence”36. The 

article highlights the impact of conclusion terminology and how forensic disciplines have not yet 

reached a consensus to define these phrases or proceed with standardization. It is recommended 

that validation studies, such as this thesis research, be conducted in order to establish 

standardized terminology. Additionally, they emphasize that all forensic scientists should be 

mandated to use standardized evidence conclusion scales as a prerequisite to attaining laboratory 

accreditation and certification36. If followed, these recommendations would help minimize 

miscommunications between forensic scientists themselves and triers-of-fact.  

E. Previous Research on Probabilistic Terminology 

Standardizing words to be similarly interpreted is an extremely difficult task due to intra-

individual and inter-individual variation as well as overall uncertainty. The conclusion scale is a 

list of evaluative terms meant to represent degrees of uncertainty ranging from “vague 
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uncertainty” to “precise uncertainty”. Individual variation and uncertainty are thoroughly 

discussed in the following sections as these factors provide insight on what contributes to a 

successful conclusion scale.  

1. Verbal Versus Numerical Probabilities 

  When assessing the best way to relay uncertainty to jurors, it’s necessary to consider 

communicating with either probabilistic terminology or numerical values. For example, a 

forecaster could either say, “There’s a 3 in 4 chance it will rain,” or “It’s highly likely it will 

rain.” Research shows that people prefer to communicate their uncertainties with probabilistic 

terminology, but receive uncertainty information via numerical values5,37. Probabilistic language 

is defined as evaluative terms meant to qualitatively discuss a range of uncertainty. Some 

research articles conclude that numerical probabilities and verbal terms have a reasonable degree 

of correspondence in which no significant differences are observed12,38. However, there is 

contrasting research that indicates numerical probabilities are more precise and better at keeping 

people on the same page2,37,39.  Many researchers have investigated probabilistic words/numbers 

and their differing opinions are still very much in contention.  

The support for use of numerical probabilities is largely due to intra and inter-individual 

variations. A considerable body of literature has demonstrated that individuals have a large 

lexicon for describing uncertainty and favor specific words over others2-5. This causes people to 

both use and interpret probabilistic verbiage differently from one another, which is known as 

inter-individual variation. The implication is that this could be a prominent issue when one 

expert witness is trying to describe their uncertainty to a group of jurors interpreting words 

differently from one another. Intra-individual variation is seen when the participants are asked to 

assign a numerical value (0 to 1) of certainty to a list of probabilistic terms. Results of this task 
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show that most synonymous terms are assigned slightly different values, but some have discrete, 

precise values4,40. For example, the phrases “it’s a toss up” and “even odds” are always rated at 

0.5. In conclusion, some researchers insist on the use of numerical probabilities because they are 

precise and avoid issues of inter and intra-individual variation that arise from people’s different 

lexicons and preferences.  

In favor of probabilistic verbiage, it has been noted that verbal statements allow for 

greater nuances to be expressed. Budescu and Wallsten clarified how, “rich semantic structure 

allows one to convey not only approximate location and degree of imprecision, but also relative 

weights over levels of uncertainty within an implied range, and perhaps also other aspects of the 

communicator’s knowledge or opinions beyond degrees of uncertainty”4. Additionally, research 

has indicated that juries disliked numerical reasoning and that it encouraged them to either 

dismiss the evidence entirely or cling to it above all else34,41. There are also well received 

examples of probabilistic verbiage in use for mass understanding such as the terms used by 

weather forecasters to indicate the likelihood of specific weather (e.g., slight chance, chance, 

likely). While probabilistic verbiage use is successful for weather forecasters, this thesis research 

needs to analyze how jury-eligible participants understand the Questioned Document Examiner’s 

probabilistic verbiage.  

2. Pattern Evidence Analysis Struggles to Give Precise Uncertainty 

Pattern evidence disciplines include Firearms/Toolmarks, Friction Ridge Analysis, and 

Questioned Documents, which all rely on the expert’s processing and ultimate visual 

examination of unique markings. After forming a conclusion, the expert then announces their 

findings via testimony, but struggles to speak of their precise uncertainty. Precise uncertainty is 

defined as the uncertainty due to quantifiable, random variation. For example, the forensic DNA 
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scientists can analyze an individual’s profile generated from a blood drop and then calculate the 

precise uncertainty in regards to the likelihood of finding this particular profile in the population. 

This can be done by knowing allele frequencies in the population and then quantifying the 

random variation between groups, which is known as random match probability42. Forensic 

pattern evidence scientists on the other hand cannot give the trier-of-fact a precise uncertainty 

associated with their conclusion because there are no frequency statistics to be calculated. For 

example, a Questioned Document Examiner may compare a ransom note to the suspect’s 

handwriting and conclude that there is a strong probability that the suspect wrote the document. 

However, there is no known probability numeral of uncertainty because there is no database of 

handwriting and they cannot examine all other handwriting samples in the world. Thus, the 

examiner cannot testify to a precise uncertainty in their conclusion. Pattern evidence disciplines 

cannot relay uncertainty probabilities via numbers, but instead can discuss vague uncertainties 

via verbal expressions.  

Since pattern evidence scientists struggle with precise uncertainty, it has been suggested 

that error rates should be included in testified conclusions36. The infamous case, Mayfield v. 

United States, brought this issue to center attention when US citizen Brandon Mayfield was 

wrongly identified by FBI examination of his prints against those found on explosives involved 

in the Madrid terrorist bombing43. Prior to this case, latent print examiners generally claimed that 

they only testified to identifications when they were 100% confident and therefore the error rate 

must be zero. However, the Mayfield case made it clear that although there is no quantified error 

rate at the moment, it is more than zero44. The NAS 2009 Report addressed this issue by 

recommending that pattern disciplines further support the conclusions and methods with, 

“meaningful scientific validation, determination of error rates…reliability testing to explain the 



 18 

limits of the discipline”36. Research is currently examining proficiency tests and the Analysis 

Comparison Evaluation Verification (ACE-V) methodology used by pattern disciplines, which 

will help tackle the issue of error rates and better communication of expert findings to triers-of-

fact45. As this is addressed, it’s important to keep in mind while investigating conclusive phrases 

and potentially drafting new conclusion scales.  

3. Probability Phrase Context Dependence 

Previous research indicates that there are widely variable inter and intra-individual 

differences in regards to probability term interpretation. Investigating this further, researchers 

have studied whether or not these individual differences for certain words remain stable over 

varying contexts, such as discussions on medical diseases versus weather forecast. Researchers 

took probability phrases and embedded them into paragraphs of differing contexts such as severe 

illness or hostile activity risks. Specifically, the paragraphs used the same probability verbiage 

(dependent variable) to either discuss the chance of rain versus the chance that a sport related 

twisted ankle was either sprained or broken (independent variables). Participants were asked to 

describe the likelihood of events and results showed that inter and intra-individual variance 

fluctuated greatly depending on context39. Indeed, several investigations support the notion that 

this large variation is due to individuals imposing their own judgements and prior beliefs on the 

contexts rather than focusing on the presented probabilities alone and because the context 

paragraphs included vague terms about the situation, which may have caused additional 

participant speculation4,5,46. For example, the National Weather Service (NWS) uses certain 

terms to describe the probability of precipitation such as “slight chance” or “likely.” When these 

standardized terms were applied to the likelihood that a sports-related twisted ankle was either 

sprained or broken, participants interpreted the probabilistic terms very differently47. These 
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results highlight the fact that if this thesis research validates the Questioned Document 

conclusion scale verbiage, the terms cannot be assumed to work for all pattern evidence 

disciplines. New studies would be necessary for the differing contexts (e.g.,, friction ride analysis 

and firearms/toolmarks). 

4.  Weak Evidence Effect 

When probability terms are used to express opinions ranging from no chance to strongest 

likelihood, there is an interesting weak evidence effect that occurs for low-supported opinions. It 

has been shown that when an expert endorses weak or limited support, participants surprisingly 

interpret this as negative support rather than simply weakly positive support. This weak evidence 

phenomenon has been observed in many different contexts by numerous researchers12,48. The 

Questioned Document conclusion scale is a list of evaluative terms used by forensic scientists to 

help relay uncertainty information to triers-of-fact and its range includes negative endorsement 

as well as positive endorsement. For example, the conclusion scale includes “strong probability 

did not” and “strong probability did.” While investigating this conclusion scale, it will be 

important to note if there are weak evidence effects for both the weakly supportive conclusion, 

“indicated,” and its negative counterpart, “not indicated”33.  

5. Likelihood Ratio 

While this thesis research is investigating the verbal conclusion scale of Questioned 

Document Examiners (QDE), some people advocate that forensic scientists move away from 

probabilistic terms and instead move towards membership functions and likelihood ratios. 

Currently, examiners in the United States pattern disciplines are expressing their opinions by 

using the conclusion scale terms to relay their confidence/uncertainty. In comparison, a 

likelihood ratio (LR) estimates the amount of support given for a proposed statement. For 
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example, an expert could use a verbal or numerical likelihood ratio to support the prosecution’s 

theory or conversely support the defense’s statement. There is a growing amount of literature as 

researchers aim to understand lay perception of likelihood ratios. Results have shown that LRs in 

pattern evidence suffer from both the weak evidence effect and contextual influence, and that 

participant’s interpretation revealed substantial undervaluing of the expert’s intended 

meaning12,49. Despite mixed results, likelihood ratios were endorsed and standardized by the 

forensic science representative body of the UK and Ireland, Association of Forensic Science 

Providers, and others35,50,51. Researchers continue to investigate this topic further52 and have even 

begun to explore new ways of quantifying probability terms (e.g., membership functions)53. 

F. Previous Literature on Lay Interpretation of Verbal Conclusion Scales 

 While there has been a shift towards likelihood ratios and other alternative methods for 

expert witnesses to express their opinions, forensic verbal conclusion scales have yet to be 

adequately reviewed. The few available papers on this topic have concluded that trace evidence 

verbal scales, in general, are not precise enough to be recommended for court use. However, 

each of these studies sheds light on differing nuances, has unique limitations, and utilizes slightly 

varied methods; it is necessary to review these works before conducting further conclusion scale 

research. 

Each of the forensic conclusion scale research projects employed a similar design and 

answer choice format. Participants were given an expert witness testimonial statement, which 

used a conclusion scale verbal term, and then were assessed for their opinions of the 

statement12,49,53-56 . All of the research projects presented participants with a sliding scale answer 

choice with descriptive ends; without discrete numbers or options, the sliding scale avoids pre-

binning participants' answers. For data analysis, each of these researchers superimposed numbers 
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onto the sliding scale in order to quantify participant answers. However, each of these papers 

used different measurements (e.g., 0-10, 0-20) and were either equidistant or logarithmic. This 

thesis research project will be the first to use a 0-8 Likert scale answer choice.  The differences 

and thought process for choosing to use a Likert scale opposed to a sliding scale is thoroughly 

documented in the "Discussion on the Materials and Methods" section below.  

Most researchers directly analyzed lay interpretation of the verbal terms via the sliding 

scale methodology, but researchers have also utilized indirect assessment12. This involved giving 

participants details of a mock case, asking for their prior-belief of the defendant’s guilt, exposing 

them to a shoe mark expert testimony, and then re-evaluating their belief of guilt. Participant 

interpretation of the verbal term was indirectly evaluated by their belief change. While this 

methodology is rooted in Bayesian theory, our thesis research has chosen to directly assess 

participant understanding in an effort to avoid any potential biases that may arise from the 

participant exposure to too many details of the mock case. 

Previous literature on this topic has also utilized different participant samples12,49,53-56 . 

For example, researchers have used convenience samples of undergraduate students, online 

sampling via Amazon Mechanical Turk, and particular groups of people such as legal 

professionals. Undergraduate students are a group of people similar in age and educational level 

and thus may not be the best representation of a typical jury. One study speculated that 

participants of a higher education may have had prior knowledge of forensic science and/or 

evidential proceedings and possibly subjected the verbal terms to even more scrutiny than the 

average juror54. 

Despite varying methodology, research on forensic verbal terms have shown similar 

results concluding that pattern evidence conclusion scales are not well understood. For example, 
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participants' understanding of the conclusion scale was varied and that terms of lesser support 

were surprisingly perceived as being weighted more heavily. In contrast, terms of higher support 

were perceived to have less weight54. A weak evidence effect was also noted in which a verbal 

term of weakly positive support was interpreted as weakly negative by participants12. Multiple 

researchers concluded that participants’ responses were generally in alignment with the 

conclusive terms (e.g., increasing weight given to more supportive verbiage); however, the range 

of responses per term greatly overlapped and thus the terms were imprecisely and inaccurately 

understood. Furthermore, data revealed that participants struggled to differentiate the verbal 

phrases, “strong” “very strong” and “extremely strong” and as a result, the verbal scale terms 

were poorly resolved55. Ultimately, results of the previous literature highlight critical issues with 

lay interpretation of conclusion scales and conclude that research efforts should continue to 

investigate forensic science expression of uncertainty.  

Previous papers on this topic are generally in agreement that verbal scales are not well 

understood, but each project had its own unique limitations and methodology. No research 

project is without limitations and each of these papers have greatly contributed to a future of 

effective communication between triers-of-fact and experts. This thesis project aims to build on 

this literature, address the limitations, and specifically research the United States Questioned 

Document Examiner’s conclusion scale in the context of questioned document evidence. 

Specifically, we have pooled a large, diverse participant sample, directly measured participants' 

verbal term interpretation, offered minimal mock case information, and have employed an eight-

point Likert scale answer choice.   

G. Amazon Mechanical Turk and Selection Strategy  
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The online platform, Amazon Mechanical Turk (MTurk), has been used to poll 

participants across the United States for this thesis research. MTurk is an online platform from 

which many individuals are paid to complete tasks such as research surveys. The use of MTurk 

over traditional sampling methods, such as convenience samples or college campuses, was 

decided based on numerous factors. Deciding factors included breadth of demographics, 

attention rates, and the benefits of online sampling. Furthermore, factors such as monetary 

compensation for participants, average MTurk wages, and associations between earning potential 

and character misrepresentation all influenced the use of MTurk and selection strategies57-79. 

1. Online vs. Traditional Sampling Methods 

As many people in the United States have Internet access, it is becoming more common 

for researchers to consider using online surveys in place of traditional sampling methods. With 

this transition, an examination of differing sampling results has become an important task. 

Numerous papers have published on this topic and conclude that online sampling, MTurk 

included, results in an extremely similar sampling pool in comparison to that of in-person 

methods64,71,77-79. Reported attitudes, interests, ethnic diversity, and socio-economics of online-

sampled participants have even been reported as more diverse than the typical convenience 

sample78. Furthermore, multiple benefits of online sampling have been highlighted. Online 

surveying can accumulate a larger sample size in a much shorter amount of time, question 

randomization and skip logic can be used, and there is lessened observer bias71. The well-known 

Hawthorne effect refers to the way in which research subjects respond differently when they are 

aware that the investigator is present and evaluating them. While the specifics of Hawthorne’s 

original study have been debated, the significant effects of observer bias have since been 

demonstrated in a variety of circumstances69,70. Fortunately, with online surveys, participants are 
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not influenced by observer bias from the physical presence of the research investigator. 

Additionally, online survey’s question randomization and skip logic abilities have proven to be 

important advantages as this research project relies on these particular user-friendly features. The 

use of online survey platform MTurk is beneficial to this research project in a variety of ways, 

however it comes with its own unique set of problems worth reviewing. 

2. Inattention Rates 

While online surveys come with benefits, such as question randomization, lack of 

observer bias, and a diverse participant pool, they suffer from greater inattentive response 

potential. In support of this, research has shown that people taking online surveys are prone to 

multitasking and checking their cellphones, both of which would not happen in a controlled, in-

person study59,68. Studies on MTurk emphasize that a survey’s collected data averages 15-20% 

inattentive responses, which have been determined via instructional manipulation checks defined 

in the immediately following section of this thesis74. This percentage size is concerning, 

however, literature has shown that this is very similar to inattention rates from traditional 

sampling methods63,74. Online survey-takers may have the greater opportunity to multi-task, but 

inattention rates remain the same compared to convenience and college samples. Some papers 

even suggest that Mturkers are slightly more attentive than participants from traditional 

samples66,72,73. This is partially explained by the situation that MTurkers are people who 

consistently take surveys, unlike college students who may only take a handful of surveys for 

one psychology class. In other words, MTurkers are a group of people who progress and have 

trained to focus on inattentive question checks and subtle details in the survey’s directions68,72. 

As traditionally sampled participants and Mturkers are similarly inattentive, researchers have 

honed in on and debated methods to check participant inattention. 
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3. Instructional Manipulation Checks 

Survey responses can be difficult to label as “inattentive” because the response may be 

indicative of a poorly-worded question, participant’s honest attempt, or true inattention. After 

considerable research, this research project will not be checking for inattention. The most 

common and widely accepted method of assessing inattention is via instructional manipulation 

checks (IMCs), in which the survey sets up a question, but then instructs the participant to select 

a particular answer even though it may not be the intuitively correct answer choice57,58. By using 

IMCs, a researcher can assess whether the participant is paying attention to the questions or 

merely filling in responses. IMCs are widely accepted, however there is contrasting literature 

that claims IMCs can cause a priming effect on participants, after which participants may 

approach the rest of the survey with systematic thinking in preparation for other tricky 

questions72,73. Furthermore, attention ebbs and flows, but IMCs only assess a participant’s 

attention at one specific moment72. With the pros and cons of IMCs weighed, this research 

project will not use attention checks, however steps have been taken to limit inattentive issues 

and are discussed below. 

4. Guarding Against Inattention: Brevity, Value, and Monetary Compensation 

The choice to not include attention checks for this research survey was based on the 

literature discussing reasons why people do pay attention to surveys. For example, it has been 

shown that participants pay more attention to a survey if they see value in the research63. We 

considered using a preface message discussing the relevance of the project and how language in 

courts affects criminal sentences for this research project. However, this was decided against 

because of the potential bias it could introduce80. Instead, the research survey has been titled, 

“Forensic Science Graduate Research Survey,” in an effort to emphasize how this survey is 
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academically based, without revealing biasing details. Results of previous literature also indicate 

that fewer survey questions are directly related to attention levels61,62,81. As the research survey is 

only expected to take approximately 6 minutes, with a total of 8 research questions followed by a 

simple demographic questionnaire, inattention is not expected to be a significant factor. In 

conclusion, participant inattention is a problem seen not only in online surveys, but also 

convenience and college samples. This research survey has been kept short and given a title that 

showcases its greater impact in an effort to guard against inattention and thus will not be 

assessed via IMCs also due to cautioning literature on the topic.  

Inattention is a problematic behavior shared by MTurkers and traditionally sampled 

participants alike, but research shows that there are a concerning number of Mturkers who 

misrepresent their identity and consumer information in order to qualify for surveys and 

therefore more earning opportunities75. Moreover, there is no validation from Amazon 

Mechanical Turk that could guarantee participants have entered their correct demographic 

information. However, researchers have identified the specific motives behind character 

misrepresentation and thus, we can minimize the issue as best as possible for this research 

project. Character misrepresentation arises due to economic motivation, pre-screening 

questionnaires, and rare populations67,75. To lower economic motive, the research project’s 

roughly 6-minute survey will be priced at $1/survey completion, which is in alignment with 

average Mturk wages. Average MTurk pay is $7.25/hour. There are many researchers paying 

$11/hour but a majority of low paying tasks brings the average down to $7.25/hour60. Offering a 

wage in between $7.25 and $11.58 per hour, averages to $0.16/minute ($0.16/min x 6 min = 

$0.94), which we are rounding up to $1. By averaging $7.25/hour and $11/hour, we are 
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acknowledging that $7.25/hour is too low for MTurkers, while also avoiding the upper wage 

limit, which could cause unwanted character misrepresentation due to economic motive. 

By keeping the price within the average range, rather than higher paying, economic 

motive is reduced. Chandler and Paolacci in 2017 have shown that deception rates drop from 23-

80% to 0-4% when there is no monetary motive for MTurker impersonation67. Our research 

study will not be collecting individualizing identifiers, and therefore MTurkers could possibly re-

take the survey, which would impact the data. Keeping the price near the average pay rate will 

hopefully minimize this potential issue by not calling attention to this research survey for 

monetary reasons. To further dissuade MTurkers from re-taking the survey, the survey-building 

software’s “prevent ballot box stuffing” feature has been employed. This does not rely on an 

MTurker's unique identifier, but instead prevents a participant’s multiple responses by leaving a 

cookie on their browser after they first submit a response. Specifically, if a re-taking attempt is 

made, the survey software will recognize the cookie and subsequently block following 

submissions. This feature certainly serves as a worthy deterrent, however, it is not infallible. 

Tech savvy people may circumvent the feature by either clearing their browser’s cookies or 

using a new browser/computer.  

 In regards to pre-screening questionnaires, MTurkers mispresent themselves to pass 

these questions in order to earn money for the screened survey67,75. This is primarily an issue 

with surveys screening for rare populations, such as people with very uncommon diseases75. 

While this research project is not seeking a rare population, it will best avoid the issue of 

character misrepresentation by not screening for jury eligible participants, but instead, paying for 

and collecting all data. Unusable data from non-jury eligible participants will simply not be 

analyzed. By allowing all MTurkers to access the paid research survey despite differing 
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eligibility, there will be no need for character misrepresentation. Data is skewed when 

participants misrepresent their identity and habits, however, the common motives of rare 

populations, high economic value, and pre-screening questions have been greatly minimized for 

this research project.  
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III. MATERIALS AND METHODS 

 

To assess jury-eligible participants’ understanding of Questioned Document Examiner’s 

conclusive terms, the materials and methods of this project have built upon literature discussed in 

the previous section, and have been thoroughly pilot tested. The overall protocol includes the 

development of a research and demographic survey, pilot testing, secondary pilot testing, and 

data analyses. Comprehensive information on the rationale and literature behind the research and 

demographic survey development can be found in the “Discussion on Materials and Methods” 

section of this thesis below. Additionally, Institutional Review Board (IRB) approval has been 

obtained for the use of human subjects.                                                                                           

A.  Survey Design and Administration 

Our research survey first provides a Questioned Document Examiner’s testimonial 

opinion and then asks the survey-taker to relay their understanding of the statement. The nine 

testimonial opinions were randomized such that a participant would only be presented with four 

of the nine possible questions. As previously discussed in the “Conclusion Scale” section of the 

literature review, the nine phrases used in the testimonial opinions ranged from negative to 

positive terms (e.g., eliminated, no conclusion, strong probability, identified). Answer choices 

are in a horizontal form of a nine-point Likert scale. The survey then provides background 

information on forensic science testimony and lists all nine conclusion scale terms in order of 

confidence that the suspect wrote the document (e.g., identified to eliminated). This contextual 

information is followed by another set of four randomized research questions out of the nine 

possible, which also have a horizontal nine-point Likert scale answer format. The nine 

demographic questions immediately follow the research survey. 
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The demographic survey collects the participants’ general information inclusive of jury 

eligibility, age, education level, gender, ethnicity, employment status, childhood and current 

residence, as well as native language. The question’s answer choices include both multiple 

choice and fill-in-the-blank options.  

The surveys have been built via Qualtrics software and administered by publication on 

the online platform, Amazon Mechanical Turk (mturk.com). Participants may choose to 

complete the survey for $1 compensation.  

B. Sample 
 

1. Selection Criteria 
 

In order for a participant’s response to be included in the data set, they must be meet jury-

eligibility criteria as dictated by United States rules. Therefore, selection criteria required 

participants to be: “a United States citizen, at least 18 years of age, adequately proficient in 

English, reside primarily in a judicial district for at least one year, have no disqualifying mental 

or physical conditions, not currently subject to felony charges, and have never convicted a 

felony” as quoted from USCourts.gov.  

2. Size and Participant Exclusion 

Sample size was determined by running a power analysis for both a one-sample t-test and 

a two-sample t-test. The power analysis for the one-sample t-test (power 0.8) utilized an alpha of 

0.005 due to a Bonferroni adjustment for the 9 required t-tests. Results indicated that a minimum 

of 337 participants be used per data set. The power analysis for the two-sample t-test (power 0.8, 

alpha 0.05) calculated that a minimum of 175 participants be pooled per verbal term.

 Participants (n=649) were sampled via Amazon Mechanical Turk, however participants' 

data were excluded based on jury eligibility. Moreover, outliers were removed based on 
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participant’s averaged absolute inaccuracy of the verbal terms; those who scored over 2 standard 

deviations away from the sample’s cumulative average were excluded (n=57). Thus, a total of 

592 participants' data were analyzed and, due to the power analysis results, this project has 

surpassed the minimum participant requirements for sufficient power and effect size.  

C.  Data Analysis 

Data will be collected through the survey-building and analysis platform, Qualtrics. After 

data are exported from Qualtrics as an Excel sheet, data will be analyzed via Statistical Analysis 

System (SAS) software and Excel. Mean absolute error, averaged error, standard deviation, and 

standard error will be calculated per participant, verbal term, and set of questions in order to 

compare intended QDE terminology definitions with lay interpretation. Regarding error, 

participants were asked to read the expert testimony blurbs and then translate their interpretation 

of the term into a numerical format based on a Likert scale of least confidence to most 

confidence that the suspect wrote the document (0-8). If the participant received the verbal term 

of the highest confidence, “identified”, which has been assigned an “8” out of the 0-8 answer 

options, but they responded with a “5”, then their inaccuracy error would be -3 with an absolute 

error of 3.  

An independent sample t-test will be used to assess any significant differences between 

participants’ responses to question sets 1 and 2 (without and with context) based on mean 

absolute error. Additionally, averaged error per verbal term will be analyzed via a one sample t-

test (Bonferroni adjusted alpha value of 0.005) against the correct answer (averaged error of 0). 

This will determine which terms were related to significantly inaccurate responses. Independent 

sample t-tests will also be used to analyze absolute error per verbal term for its no context and 
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contextual counterpart. Results from this unpaired t-test will highlight if contextual information 

significantly changes participants’ interpretation for specific terms.  
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IV. RESULTS 

 

A. Demographic Information 

Of the 592 included participants, 73.3% identified as Caucasian, 11.2% Black or African 

American, 6.5% Hispanic or Latino, 5.9% Asian, 2.5% multiracial, 0.3% American Indian or 

Alaska Native, and 0.2% Native Hawaiian or Pacific Islander. Many of the participants indicated 

English as their native language (98.5%) and had a minimum of some college education (88%). 

The sample included more males (59.8%) than females (39.8%), with one individual identifying 

as non-binary (0.2%). Participant’s average age was 38 (range 19-74, sd 11.3). The vast majority 

(89.8%) of participants indicated that they were employed either for wages or self-employed. 

Regarding residence, roughly 83% of participants grew up and currently reside in an urbanized 

area, ~3.5% in an urban cluster, and ~12.5% in a rural area. Demographic specifics can be found 

in Appendix F. 

B. Research Survey: Verbal Term Accuracy 
 

Participants read an expert’s testimonial blurb and then indicated their understanding of it 

via a Likert scale (0-8) answer choice. The data set was analyzed for the mean response per 

verbal term for both sets of four research questions, which included sets without and with context 

(e.g., exposure to the full Questioned Document Examiner conclusion scale). Results for the first 

set of questions, without context (Figure 1A), show that the average response for “identified” (8) 

was 6.45 (sd 1.52), “strong probability” (7) was 5.91 (sd 1.35), “probable” (6) was 5.18 (sd 

1.43), “indicated” (5) was 5.94 (sd 1.57), “no conclusion” (4) was 2.74 (sd 2.03), “not indicated” 

(3) was 2.73 (sd 2.19), “probably not” (2) was 2.64 (sd 1.84), “strong probability did not” (1) 

was 2.68 (sd 2.11), and “eliminated” (0) averaged 2.05 (sd 2.50).  
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Figure 1A 

 
 

Fig. 1A Boxplots show participants’ mean responses per verbal term without context. The y axis displays the correct 
responses in order (8-0) from “identified” to “eliminated”  

 
 Results for the second set of questions, with contextual information of the QDE 

conclusion scale (Figure 1B), show that participants' average response for “identified” (8) was 

6.97 (sd 1.45), “strong probability” (7) was 6.15 (sd 1.21), “probable” (6) was 5.36 (sd 1.24), 

“indicated” (5) was 5.90 (sd 1.49), “no conclusion” (4) was 3.23 (sd 1.99), “not indicated” (3) 

was 2.92 (sd 2.14), “probably not” (2) was 2.75 (sd 1.84), “strong probability did not” (1) was 

3.05 (sd 2.42), and “eliminated” (0) averaged 1.63 sd (2.34).  Figure 1A and 1B are visual 

representations of these raw participant responses.  
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Figure 1B  

 
 

Fig. 1B Boxplots show participants’ mean responses per verbal term with context. The y axis displays the correct 
responses in order (8-0) from “identified” to “eliminated”  

 
The averaged inaccuracy of the participant’s score per verbal term, without and with 

context, can be seen in Figures 2A and 2B respectively. By showcasing the averaged inaccuracy, 

over and undervaluing of the terms is readily apparent. For example, the term “identified” (8) 

received an averaged response undervaluing of -1.53 (sd 1.53). A one sample t-test was run per 

verbal term against zero, in order to see if the over or undervaluing was significantly different 

than the correct answer (averaged inaccuracy of 0). Running numerous t-test poses a large (36%) 

risk of type I error. However, the Bonferroni correction was implemented and significance was 

only determined if p<0.005.  

One sample t-test results show that for verbal terms without context, “identified” was 

t(242)=15.56, p< 3.00x10-38, 1.00, “highly probable” was t(274)=13.42, p< 7.14 x 10-32, 0.84, 

“probable” was t(276)=9.56, p< 7.22 x 10-19, 0.575, “indicated” was t(255)=-9.47, p< 1.90 x 10-18, -
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0.594, “no conclusion” was t(281)=10.44, p< 9.24 x 10-22, 0.623, “not indicated” was t(253)=1.98, 

p< 0.049, 0.125, “not probable” was t(266)=-5.63, p< 4.58 x 10-8, -0.345, “strong probability did 

not” was t(266)=-12.92, p< 6.24 x 10-30, -0.820, and “eliminated” was t(250)=-12.96, p< 1.02 x 

10-29, -0.820. All term response errors were significantly inaccurate aside from responses to term 

“not indicated”. 

One sample t-test results for the verbal terms with contextual information include the 

following: “identified” was t(258)=11.43, p< 1.00 x 10-24, 0.711 “highly probable” was 

t(259)=11.34, p< 1.90 x 10-24, 0.705, “probable” was t(268)=8.44, p< 2.02 x 10-15, 0.516, 

“indicated” was t(260)=-9.65, p< 4.90 x 10-19, -0.599, “no conclusion” was t(276)=6.47, p< 4.47 x 

10-10, 0.389, “Not indicated” was t(278)=0.646, p< 0.519, 0.039, “not probable” was t(242)=-6.33, 

p< 1.17 x 10-9, -0.407, “strong probability did not” was t(266)=-13.77, p< 6.28 x 10-33, -0.845, and 

“eliminated” was t(257)=-11.19, p< 6.38 x 10-24, -0.698. All were significantly inaccurate except 

for responses to term “not indicated”. 

Figure 2A 
 

 
 

Fig. 2A Participants’ over and undervaluing per verbal term without context via mean response error. *p<0.005 
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Figure 2B 
 

 

Fig. 2B Participants’ over and undervaluing per verbal term with context via mean response error. *p<0.005 
 

Absolute error was also calculated per verbal term and per data set/participant. The 

averaged absolute error between the first and second set of research questions (without and with 

context) was then assessed with an independent sample t-test (alpha=0.05). Without context, the 

averaged absolute inaccuracy was 1.62 (sd 0.89). With context, the averaged absolute inaccuracy 

was 1.41 (sd 1.00). The independent sample t-test (p <0.0001) indicated a significant difference 

in verbal term score accuracy between the two question sets as seen in Figure 3.  
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Figure 3 

 
 

Fig. 3 Mean absolute error comparison between groups, without and with context, via an independent sample t-test. 
*p<0.0001  

While Figure 3’s independent sample t-test highlights the overall significant difference 

between the questions sets, Figure 4 represents the data above in an absolute inaccuracy break 

down per verbal term both with and without context. Averaged absolute error per verbal term, 

without context, results included: 1.55 (sd 1.53) for “identified”, 1.24 (sd 1.22) for “strong 

probability”, 1.22 (sd 1.10) for “probable”, 1.49 (sd 1.05) for “indicated”, 1.85 (sd 1.51) for “no 

conclusion), 1.91 (sd 1.10) for “not indicated”, 1.46 (sd 1.33) for “probably not”, 1.85 (sd 1.93) 

for “strong probability did not”, and 2.04 (sd 2.50) for “eliminated”. Averaged absolute error per 

verbal term, with context, results included:  1.55 (sd 1.53) for “identified”, 1.24 (sd 1.22) for 

“strong probability”, 1.22 (sd 1.10) for “probable”, 1.49 (sd 1.05) for “indicated”, 1.85 (sd 1.51) 

for “no conclusion), 1.91 (sd 1.10) for “not indicated”, 1.46 (sd 1.33) for “probably not”, 1.85 (sd 

1.93) for “strong probability did not”, and 2.04 (sd 2.50) for “eliminated”.  



 39 

An independent t-test was used to compare absolute error responses of each verbal term, 

without context, to its contextual counterpart. Due to the fact that 9 independent t-tests were run, 

the Bonferroni adjusted alpha=0.005. Results are: “identified” (p=0.0002, t=3.75), “highly 

probable” (p=0.0081, t=2.67), “probable” (p=0.0016, t=3.2), “indicated” (p=0.2852, t=1.07), “no 

conclusion” (p=0.0223, t=2.29), “not indicated” (p=0.0531, t=1.94), “probably did not” 

(p=0.3682, t=1.82), “strong probability did not” (p=0.0693, t=1.82), and “eliminated” (p=0.0291, 

t=2.19). The significant differences between the two sets of question’s verbal terms were only 

seen for terms “identified” and “probable”. 

Figure 4 

 
 
 

Fig. 4 Mean absolute error per verbal term displayed both without and with context. *p<0.005 indicates that 
mean absolute error for a particular term was significantly different to the mean response for that same term 

following contextual information. 
 
A Pearson’s correlation between the verbal term responses’ absolute inaccuracy without 

context (NC1-NC9) and its contextual counterpart (C1-C9) is shown in Figure 5A and 5B as 

heatmaps. Figure 5A displays the Pearson correlation p values that have been color coded as 

detailed in the legend. A red tone signifies highly significant interactions (p<0.0001) whereas 
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blue represents the least significant (p>0.7501). A general trend emerges in which exposure to 

the highly confident terms, both positive and negative, (e.g., identified, strongly probable, 

probable, probably did not, strong probability did not, eliminated) were significantly correlated 

with like terms. Figure 5B displays the Pearson correlation r values which have also been color 

coded and are detailed in the legend. Red tones indicate positive correlations (r > 0.4996) 

whereas blue tones represented negative correlations (r < -0.2504). The general trends mirror 

those of Figure 5A, but assign a positive or negative correlation per significant interaction. Each 

significant correlation is positive albeit one divergence (NC4 and C4’s significant negative 

correlation). 

Figure 5A 
 

 
 

Fig. 5A Heatmap displaying Pearson correlation p values between verbal terms, without context (NC1-NC9) and 
with context (C1-C9). Highly significant correlations (p<0.0001) are colored red whereas the most insignificant 

correlations (p>0.982) are a deep blue.  
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Figure 5B 

 
 

Fig. 5B Heatmap displaying Pearson correlation r values between verbal terms, without context (NC1-NC9) and 
with context (C1-C9). The most positive r values (r>0.735) are colored red whereas the most negative r values   (r<-

0.250) are a deep blue.  
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V. DISCUSSION ON MATERIALS AND METHODS 

 

A. General Survey Features 

 The research and demographic surveys utilized both employ similar survey features, such 

as back buttons and a lack of answer enforcement. A back button allows the survey-taker to 

revisit previous pages and therefore keeps the survey instructions and contextual information 

accessible. By adding a back button, we aim to subtly reduce the potential perception that the 

survey requires participant’s rote memorization. The survey-designing platform, Qualtrics, also 

allows questions to be enforced, which results in participants being unable to move forward in 

the given survey if the previous question was left unanswered. However, answer enforcement 

breeches ethical guidelines. The survey’s IRB approval maintains that participants must be 

allowed to discontinue the survey at any time. Thus, questions will not be enforced in order to 

stay aligned with these ethical terms.  

B. Research Survey Development 

 The research survey, meant to assess lay interpretation of QDE’s conclusion scale 

terminology, was developed to best minimize biases and increase clarity. The research survey’s 

design of four randomized questions, contextual information, and additional four randomized 

questions can be referenced in the Materials and Methods section above. This section discusses 

the rationale behind the survey’s overall development including prefaces, contextual information, 

bias prevention, and answer format. 

There are a total of nine QDE conclusive terms, however this survey only offers sections 

of 4/9 randomized terms, because of survey fatigue and contextual effects4,5,39,46,47,82,83. If 

participants were able to view all nine terms, this could cause participants to weight their 
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opinions of the terms relative to the others and thus coerce ideal responses. Furthermore, 

exposure to all nine terms would negate any effort to examine contextual effects based on 

knowledge of the full conclusion scale. Aside from these issues, odds of survey fatigue would 

increase with the addition of more questions82,83. Thus, the survey only exposed participants to 

sets of four questions, with and without context, for a total of eight questions.  

The survey’s written information and questions (e.g., preface, contextual information 

blurb, and QDE testimony scripts) were kept as concise as possible to avoid biases from 

extraneous information. As thoroughly explained in the literature review, an expert witnesses’ 

age, gender, and presentation style all influence juror-interpretation of criminal 

evidence7,10,11,21,24,26,84. Moreover, probability term interpretation changes based on the context of 

its use 47. Therefore, the script that describes a Questioned Document Examiner’s final 

conclusion on the questioned document evidence does not include extraneous contextual 

information such as the type of crime the evidence came from (e.g., robbery, murder, arson).  

Intentional contextual information describing the QDE’s nine-term conclusion scale is 

introduced between the first and second set of research questions. All research survey questions 

also maintained similar structure and emphasis as a result of Pilot 1, which can be referenced 

below for a more detailed explanation. 

Question randomization and skip logic were employed to make the survey user-friendly 

and avoid question-order bias. For this research project, question-order bias would arise if all 

participants received the research questions in the same order. By having one of the QDE terms 

always first for example, participant responses to the subsequent terms could be influenced. To 

effectively disrupt question-order bias, the research questions have been randomized85. Skip 

logic enabled participants to smoothly transition between the first set of questions, contextual 
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information, and secondary set. Specifically, skip logic allows for the development of one master 

survey, from which participants view the differently randomized sets of 4/9 questions rather than 

creating hundreds of randomized surveys to avoid question-order bias. This is one of the great 

advantages of online surveying in comparison to printed methods.  

During the development of the research survey, it was crucial to choose the best answer 

format to assess lay interpretation of QDE terminology. The debate was ultimately between a 

Likert and sliding scale. Following a statement of beliefs, attitudes, or opinions, Likert scales 

require the participant to ‘point and click’ an answer from a range of words or numbers. In 

comparison, sliding scales require participants to ‘drag and drop’ a cursor in response to a 

statement. Previous research on lay interpretation of forensic science expert witness verbiage 

have employed the use of sliding scales, however the pros and cons of sliding scales were 

weighed for this research study before following suit12,49,53-55,86 . One of the benefits of sliding 

scales is the way in which participants are free to drag and drop the cursor at any point along the 

scale. In other words, they are not automatically pre-binned into specific categories, as is the case 

when Likert scales are used. Research has shown that participants find that the sliding scale best 

assesses their true opinions87. The sliding scale can remain unmarked until data collection is 

completed and numbers can then be superimposed on the scale for analysis. The cons of a sliding 

scale include the fact that it requires the participant to have additional technology such as 

Javascript, requires more participant effort, and can confound nonresponse estimation86,88. If the 

participant does not have software, such as Javascript for example, already downloaded on their 

personal devices (e.g., laptop they’re using to complete an online survey), then the sliding scale 

questions will not load and thus be inaccessible. Additionally, having the participant point, click 

the slider icon, drag it, and then release their button involves more effort than a Likert scale’s 
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point and click method, and indeed previous work has shown that sliding scale questions are 

related to higher instances of survey break-off89. Moreover, the handle often starts on a valid 

position on the scale, which is the reason non-response becomes difficult to estimate86,88. While 

the benefits of a sliding scale may outweigh its faults for the purpose of this research project, 

UIC has banned the use of slider questions due to its inaccessibility for those with certain 

disabilities. Ultimately, this project developed a Likert scale for the research question’s answer 

choices for a variety of reasons. The Likert scale herein is user-friendly on a variety of devices 

(cell phone, tablet, computer), non-verbal, accepted by UIC, and allows for clear nonresponse 

assessment86,88.  

C. Demographic Survey Development 

A demographic survey is a crucial aspect of a research project that allows the investigator 

to define the sampled population and interpret the data accordingly. Specifically, demographic 

information can be categorized and confirm to what extent the results may be generalized80. By 

categorizing participant’s information, interactions with demographic effects will reveal 

confounds, limitations, and/or insight. This section of the thesis will discuss the demographic 

survey’s placement and reasoning behind the chosen questions. 

The demographic survey immediately follows the research questions in order to cater to 

typical survey fatigue patterns and avoid both priming and stereotype biases. It’s important for 

the participants to answer the research questions first before survey fatigue sets in and potential 

for break-off rises82,83,89. Moreover, the demographic survey not only requires less effort for 

participants to answer since the questions simply inquire about themselves, but also this review 

of their personal information can cause stereotypic bias if research questions were to follow.  
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For example, researchers Blascovich et al showed that when people are primed with stereotypes, 

significant blood pressure changes were detected during the following cognitive task in 

comparison to control group’s stable blood pressure90. Lastly, demographic questions could skew 

data due to priming effects, which is thoroughly discussed in the Conceptual Framework and 

Related Literature section above80.  

Interpretation of QDE conclusion terminology may be influenced by a participant’s 

English skills. The demographic survey covers participant’s native language as well as childhood 

and current residence. Residence data is being collected and subsequently assigned into the 

following categories as dictated by the United States Census: Urbanized Areas (>50,000 people), 

Urban Clusters (2,500-50,000 people), and Rural (areas not classified as urban). This research 

project has thus been designed to include current residence and native language as potential 

interactors with our primary data set.  

In addition to English and residential information, the demographic survey was 

developed to define personal characteristics of the participants. Questions include jury eligibility, 

age, education level, gender (female, male, or nonbinary), ethnicity, and employment status. 

Survey pilot testing resulted in linguistic improvement of these questions and these details can be 

found in the “Survey Validation” section below. While the demographic survey aims to 

understand who the participants are, it must do so without unnecessarily breeching privacy. For 

example, a question of income was not included, because income and education level are 

indicators of socioeconomic status (SES) and thus two measures of SES would be unnecessary 

for this project91. An understanding of QDE terminology may be more closely related to 

education level rather than income and research has also shown that the longer a demographic 

survey is, the more frustrated participants may feel and perceive a violation of privacy80. This 
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project’s demographic survey has been thoughtfully developed and has successfully defined the 

sampling pool. 

D. Survey Validation 

1. Pilot Testing 

After the research and demographic surveys were constructed, participants were recruited 

(n=9) for initial feedback. The purpose of this small pilot study was to assess the question 

semantics and general survey quality. The participants consisted of a nonrandom sample, which 

biased the demographics towards highly educated people of Asian and White ethnicities. 

Regardless, feedback inspired a modification of the research aims and also addressed outstanding 

issues. 

 Pilot data revealed that three people found the follow up question, “From a scale 0 (Least 

Confident) to 8 (Most Confident), how confident are you that the suspect wrote the document?” 

to be less than ideal because the follow up question was always posed in the affirmative position 

regardless of which of the nine phrases, positive or negative, was used beforehand. 

Unfortunately, highlighting the negative or positive term being researched (e.g., eliminated, no 

conclusion, strong probability), in an effort to clarify the question, would introduce unacceptable 

priming bias. Specifically, emphasizing the researched term could activate participant’s 

particular concepts revolving the research term, which reduces the question’s cognitive challenge 

and may cause them to answer in a particular way80. However, the survey has been altered as a 

result of this feedback and now the follow up question’s phrase, “…that the suspect wrote the 

document,” has been bolded. This avoids bias by not emphasizing the conclusion scale 

terminology in question, but instead bolding question semantics that remain identical for each of 

the nine iterations. 
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One pilot participant stated that the survey used passive language and suggested a switch 

to active voice. While some may prefer active voice, this is not applicable for each of the nine 

versions. In this research situation, passive voice serves to maintain structural similarity across 

each of the nine iterations. For example, if the survey question using the conclusion scale phrase 

“identified” were posed in active voice, it would read clearly as, “Based on my analysis of the 

document, I have identified the evidence as the suspect’s handwriting”. While this is clear, the 

survey question using conclusion scale term “indications” would forcibly become overly 

complicated in an effort to maintain structural similarity. The “indications” research question 

would then read as, “Questioned Document Examiner: ‘Based on my analysis of the document, it 

is my opinion that it is indicated that the evidence is the suspect’s handwriting’” By using 

passive voice instead, no conclusion term misguidedly sounds overconfident in comparison to 

the others and participants can focus solely on the necessary components of the sentences. 

Therefore, no changes were made to the question’s language in response to the request for active 

voice. Please view the attached survey, located in Appendix A, to see the particular wording and 

sentence structure used.  

Regarding the demographic questions that immediately follow the research survey, there 

were multiple changes made after pilot testing. One of the questions asked about the survey-

taker’s employment status by offering two answer choices: employed or unemployed. It was 

noted that this misguidedly encouraged retired participants to mark “unemployed.” Research on 

demographic survey questions was then thoroughly reviewed and thus the answer choices have 

changed to include more options80,92,93. Additionally, the demographic question designed to 

assess highest level of education achieved has changed. The three answer choices listing 

master’s, professional, and doctorate degrees were collapsed into a singular answer choice, 
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“Advanced degree (e.g., master’s, professional, doctorate)”. For the purpose of our research 

aims, it is unnecessary to divide participants within the category of an advanced degree since 

group effects are not expected to differ between those degrees. 

 Fewer answer options may also lessen potential survey fatigue82,83. 

A review of the pilot data also inspired a change to the research aims. At this stage of 

pilot testing there were only four randomized research questions of the nine possible. No 

Questioned Document conclusion scale contextual information was provided nor followed up by 

an additional set of four randomized research questions. With this preliminary survey design, the 

research aim was to determine how jury-eligible participants understand the particular conclusive 

scale terminology used in court testimony. Pilot data revealed that participants were surprisingly 

very accurate in their understanding with an average inaccuracy of -0.02. However, the largest 

discrepancy between participant understanding and QDE intended terminology meaning was an 

average of -2.0, which is over two standard deviations away (sd = 0.897) from an accurate 

answer for the conclusion scale term “probably not”. These data inspired a change to the research 

aims to now assess contextual information effects. In order to achieve this, the survey was 

modified to include contextual information and an additional set of four randomized research 

questions as discussed in the section, “Design Overview,” above. These changes make it possible 

to determine if participant understanding of terms implicated to be difficult by pilot data, such as 

“probably not”, improve with context or not.  

The pilot study offered insight and as a result, the research survey has improved. While 

some changes were minor, such as altering the wording for two demographic questions, larger 

modifications to the experimental design were inspired as well. The effects of all the alterations 

have since been analyzed via secondary pilot testing with a larger number of participants pooled.  
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2. Secondary Pilot Testing 

 Following the first pilot study, the research aims, survey, and demographic questions 

were altered and then tested via secondary pilot testing. While the initial pilot study was intended 

to receive feedback on the survey’s semantics and general quality, the purpose of secondary pilot 

testing was to assess the newly made changes and pool a larger sample for data analysis. Similar 

to pilot one, the participants (n= 41) were pooled via nonrandom sampling, which was not 

representative of a typical jury pool. Despite this, valuable information was obtained, such as 

contextual effects and participant’s average accuracy to the Questioned Document Examiner’s 

conclusion scale. 

Analysis of the data showed that participants were very accurate in understanding the 

intended meaning of the QDE’s conclusion terminology. The mean absolute inaccuracy (absolute 

difference between participant’s answer and QDE’s conclusion term ranking) was 1.61 (sd= 

1.02) for the first set of four randomized questions. Participant’s mean absolute inaccuracy after 

viewing the contextual information, 1.25 (sd=0.89), was not significantly different from the 

initial “No Context” set of 4 randomized questions (independent t-test, p=0.105). 
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Figure 6 

 
 

Fig. 3 Mean absolute error comparison between groups, without and with context, via an independent sample t-test. 
 

While there was no statistically significant difference between the No Context and Context 

scores, the p=0.10 supported a trend indicating the potential benefit of contextual information on 

participant understanding. It is possible that when random sampling protocols are followed with 

an appropriately large sample size, significant contextual effects may emerge. Another possible 

interpretation of these data is that a “ceiling effect” is being observed because participant’s 

scores are of such high accuracy without context that there is minimal room for improvement 

with added contextual information. However, this is not a concerning issue because these data 

support an ideal situation in which jury-eligible participants understand QDE conclusion terms 

highly accurately without context. 

 Feedback gathered from secondary pilot testing indicated that minimal changes to the 

survey were necessary. Only 1 of 41 participants was not able to answer the questions and stated 

that the survey was unclear. Additionally, one participant suggested the addition of an “Other” 
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answer option for demographic questions inquiring about ethnicity. After much consideration, 

this amendment was not made because it would cause participants in the “Other” category to fall 

into “statistical limbo”93. In this instance, statistical limbo refers to the issue in which data from 

participants selecting the "other" answer choice cannot be analyzed further for possible group 

effects and thus their unusable answers are said to be in "limbo". Our survey will continue to 

offer ethnicity options in alignment with the United States Census Bureau. Pilot data revealed 

that three participants chose not to enter their geographic information when asked in which city, 

state, and country they live. This may be because participants feel that this information is too 

individualizing, therefore the survey has been altered to ask for county, state, and country 

instead. The question was not removed entirely, because it serves as a working part of regional 

difference assessment. Overall, the changes made to the survey following secondary pilot testing 

was very minimal and without large foreseeable implications that would require a third pilot test. 

Secondary pilot testing allowed for minor improvements, an assessment of all survey 

changes made following initial pilot testing, and a preliminary look into data analysis. The vast 

majority of participants overtly claimed that the survey instructions/questions were clear and this 

sentiment was supported by the mean absolute inaccuracy of 1.61 (sd= 1.02) without context and 

1.25 (sd=0.89) with context. The results and feedback from secondary pilot testing implicated the 

validity of the survey. 

3. Institutional Review Board  

The finalized survey was submitted to UIC’s Institutional Review Board (IRB) for 

approved use of human participants. In response to the IRB application, several minor revisions 

were required. The survey instructions now clearly indicate that the survey is voluntary and may 

be exited at any time. Furthermore, researcher and IRB contact information have been added 
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(e.g., principal investigator, IRB, and thesis advisor emails). It has also been determined that all 

data collected from this project will be discarded after one year post-analysis. Following these 

revisions, IRB determined that the research project, (Protocol # 2019-0952) “meets the criteria 

for exemption as defined in the U.S. Department of Health and Human Services Regulations for 

the Protection of Human Subjects [45 CFR 46.104(d)].” 
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VI. DISCUSSION ON THE RESULTS 

 

This study aimed to asses lay interpretation of Questioned Document Examiner’s 

testimony in court through two sets of questions, without and with context. Participants 

responded to the QDE verbal terms by indicating their interpretation via a Likert scale (0-8) from 

least to most confidence that the suspect wrote the document. We hypothesized that the jury-

eligible sample would not perceive the verbal terms in alignment with the expert’s intended 

meaning. In agreement with our hypothesis, the data showed high variability and significant 

inaccuracy by both an under and overvaluing of the terms. 

When participants’ absolute inaccuracy was averaged per set of questions, a two sample 

t-test showed a significant difference between the means. While this difference is statistically 

significant, the responses to the two sets of questions display large error overlap. Furthermore, 

with high variability in responses and jury groupthink effects, it is possible that the inaccuracy in 

responses with and without context may be indistinguishable in practice. The data was then 

analyzed via a series of independent t-tests (Bonferroni adjusted alpha=0.005). Eight out of the 

nine terms improved in accuracy following contextual information with two terms displaying 

significant changes. “Strong probability did not” served as the exception as it was the one term 

that participants answered more incorrectly following the QDE scale information. However, the 

terms “identified” and “probable” were the two terms in which participants significantly 

increased their score accuracy following contextual information. Between the sets of questions, 

the absolute inaccuracy responses followed very similar trends. This implies that a relative 

understanding of the conclusion scale terms was not greatly shifted by exposure to the full scale.  

Regardless, the responses to the second set of questions, following contextual information of the 
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full QDE scale, were significantly different than those without. As this information could quickly 

be stated to the jury, it may be beneficial to have QDE’s integrate this topic into their testimony. 

Alternatively, the court system could introduce a neutral party educator to brief the triers-of-fact 

on Questioned Document analyses and conclusion scale terminology prior to the evidential 

testimony. The use of a neutral party educator has been shown as an effective method by which 

to discuss DNA and family mediation in courts throughout the United States94 .  

Although data showed a significant increase in verbal term comprehension following 

contextual information, the participants’ responses without context are more representative of 

interpretations made in court today because jurors are currently not briefed with exposure to the 

QDE conclusion scale prior to expert witness testimony. Response to the high confidence terms 

(e.g., identified, strong probability, probable) follow the expected trend of lessening confidence, 

however each of these terms were significantly undervalued by participants. This may be due to 

jurors’ hesitance to accept a polarizing opinion without additional details of the mock case. 

Similarly, participants greatly undervalued the term with the least confidence that the suspect 

wrote the document (eliminated). The participants were solely asked to interpret the confidence 

level of the final conclusive testimonial blurb, but they may have been reading the conclusive 

sentence within their own concepts of criminal trials (e.g., jury duty, tv exposure). Therefore, 

when faced with a confirmatory term (e.g., identified, eliminated), they may be responding with 

lenience as one testimonial blurb is seemingly not enough to convince beyond a reasonable 

doubt.  

The one sample t-tests comparing averaged response error per verbal term to the correct 

answer error (0) highlighted that participants were significantly inaccurate for eight out of the 

nine terms. In other words, participants’ over and undervaluing of the terms were indeed 
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significantly incorrect aside from interpretation of the term “indicated”. While the terms (e.g., 

probably, indicated) inherently allow for varied interpretations, these data suggest that lay 

interpretation of the conclusion scale is too varied for certain circumstances such as courtroom 

usage. 

The implication of Figure 5A and 5B’s Pearson correlation heatmap is that highly 

inaccurate responses for terms at the ends of the scale (identified, highly probable, probable, not 

probable, strong probability did not, eliminated) were strongly correlated with similarly 

inaccurate responses to like terms despite contextual information of the QDE scale. This can be 

seen via both the Pearson p values (p<0.001), which were color coded red to signal strong 

significance, and positive r values indicating similar responses. In conclusion, the Pearson 

correlation heat map further supports the notion that participants typically undervalue strongly 

conclusive words regardless of information to guide them otherwise.  

When Martire and colleagues studied forensic conclusion scales in 2013, they found a 

weak evidence effect, in which weakly endorsed terms resulted in participants responding in an 

opposing fashion12. The Questioned Document Examiner’s conclusion scale ranges from positive 

to negative endorsement and thus has potential for two weak evidence effects observed for this 

QDE conclusion scale. However, weakly positive endorsement term “indications” was in fact 

slightly overvalued by participants and its negative counterpart, “not indicated” was the most 

accurately interpreted term of the full scale (without and with context). This implies that these 

particular verbal terms are effective at communicating the expert’s intended meaning despite the 

issue surrounding weak endorsement. This may be due to the fact that “indicated” and “not 

indicated” have concrete definitions in comparison to the other conclusion scale terms, such as 

“probably” and “strong probability”. These probability terms are more vague and highly 
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dependent on the context in which they are used. In other words, the QDE conclusion scale is 

composed of evaluative terms in which some are more precisely perceived and therefore more 

easily understood. 

Data from this research is in agreement with all previous literature on forensic conclusion 

scales in regards to the base statement that the verbal terms are too imprecise for recommended 

use with a lay audience12,49,53-56. As other papers have noted, there is wide intra- and inter-

individual variation, differing lexicons, and preferences for certain words over others2-5,40. These 

factors make it difficult for an expert witness to relay a particular confidence level via verbal 

terms to a group of people (triers-of-fact). While the data agrees with previous literature in the 

overall conclusion of imprecision, the conclusion scale is unsuccessful for different reasons than 

previously described. For example, Arscott et al noted that the upper end of the scale (strong, 

very strong, extremely strong) may not be effective since participants rated these terms similarly. 

In contrast, the QDE upper end (identified, strong probability, probable) followed the general 

intended trend, but the negative terms (eliminated, strong probability not, not probable) received 

plateaued responses similar to Arscott’s upper scale55. In other words, Arscott et al found the 

strongly positive endorsement terms to be the least reliable, whereas these data suggest that the 

negatively endorsed terms resulted in the most variability.  

Great efforts were taken to ensure the efficacy of the research questions as well as the 

sampling of a large (n=592) and diverse group of jury eligible participants across the country; 

However, this research is not without limitations. The testimonial blurb offered to participants 

was quite minimal and discussed hand writing analyses. Handwriting analyses is easily 

understood by a lay audience without extensive background information required, but 

participants’ concepts surrounding this particular kind of analyses could possibly influence 
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verbal term interpretation. For example, one participant noted that they do not trust handwriting 

analyses and thus may have been influenced and resulted in them undervaluing each term. It 

could also be said that the Likert scale (0-8) answer choices may limit participants’ nuanced 

differences. However, this answer choice format was based on literature discussing the efficacy 

of 7 to 9 choices and the negative effects associated with offering too many choices (e.g 0-25). 

Alternatively, an unnumbered sliding scale could have been used, but this was specifically 

prohibited by the University of Illinois at Chicago. Participants were also pooled from Amazon 

Mechanical Turk which cannot validate that each user has input their true demographic 

information. Our research project is not without limitations, but we have accounted for each of 

them as best as possible. 
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VII. CONCLUSION 

 

The role of an expert witness is to interpret evidence in an unbiased manner and then 

provide the triers-of-fact with information that will help the trial come to a just conclusion. Thus, 

it is critical for the expert witness to be consistently and clearly understood. SWGDOC has 

approved the conclusion scale evaluated by this research study and it is currently used in courts 

today. Based on previous literature, we hypothesized that the verbal terms would not be 

interpreted in agreement with the experts intended meaning. These data supported the hypothesis 

as participants’ responses showed high variability, a general trend of undervaluing, and poor 

distinction between items at the negative end of the scale. As the conclusion scale consists of 

evaluative language (e.g., probably not), varied interpretations are to be expected, however the 

variability displayed in this data set exceeds acceptable limits and displays significant potential 

for miscommunication. Providing a lay audience with a brief overview of the nine conclusion 

scale terms prior to a final testimonial statement technically resulted in a significantly improved 

verbal term interpretation. However, the general understanding per term followed an extremely 

similar trend despite contextual information and the large error between the groups overlapped. 

Together, these factors imply that the statistically significant difference seen between the groups 

may not be overly robust. This is further supported by the strong absolute inaccuracy correlations 

between the sets of questions (with and without context) for the terms at the ends of the scales.  

Results from this thesis research are in alignment with previous literature and suggest that 

the current Questioned Document Examiner conclusion scale is not well understood by a jury-

eligible lay audience. As many researchers are looking into a new SWGDOC conclusion scale, 

possibly including a numerical translation such as likelihood ratios, it may be worthwhile to first 
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evaluate the implementation of a such contextual information prior to testimony. For example, an 

assessment of neutral party educators vs. the Questioned Document Examiner briefing the 

conclusion scale could provide insight on triers-of-fact understanding. As OSAC works to refine 

an ideal conclusion scale, we hope the data from this research project has provided a guiding 

direction.  
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APPENDICES 
 

Appendix A  
 

Forensic Science Graduate Survey 
 

 

Start of Block: Block 1 

 
 
Survey Instructions: 
 
Questioned Document Examiners are Forensic Scientists who both analyze criminal evidence, 
such as forged or altered documents, and then testify in court when needed. When testifying, a 
Questioned Document Examiner explains their analyses of the evidence to the triers-of-fact (e.g., 
judge and jury) and concludes by stating their final opinion on the matter. 
 
In the following questions, you will be provided with a Questioned Document Examiner's final 
testimonial statement and asked for your opinion on the statement. Please read carefully. These 
research questions are followed by a short demographic survey.  
 
This survey is entirely voluntary and you may exit at any time. 
 
Research Contact Information: 
Principle Investigator- Emily Nakamoto, enakam3@uic.edu 
Faculty Advisor- Dr. Albert K. Larsen, larsena@uic.edu 
Human Subject Compliance- University of Illinois at Chicago, Institutional Review Board,  uicirb@uic.edu 
 
 
End of Block: Block 1 
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Appendix A (continued) 
 
Start of Block: Block 2 (Randomized; 4 of the following 9 questions will be presented) 
 
Questioned Document Examiner: “Based on my analysis of the document, the evidence has been 
identified as the suspect's handwriting” 
 
From a scale 0 (Least Confident) to 8 (Most Confident), how confident are you that the suspect 
wrote the document?  
 

 
 

 
Questioned Document Examiner: “Based on my analysis of the document, there is a strong 
probability that the evidence is the suspect's handwriting” 
 
From a scale 0 (Least Confident) to 8 (Most Confident), how confident are you that the suspect 
wrote the document?  
 

 
 

 
 
Questioned Document Examiner: “Based on my analysis of the document, it is probable that the 
evidence is the suspect's handwriting” 
 
From a scale 0 (Least Confident) to 8 (Most Confident), how confident are you that the suspect 
wrote the document?  
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Appendix A (continued) 
 
Questioned Document Examiner: “Based on my analysis of the document, it is indicated that the 
evidence is the suspect's handwriting” 
 
From a scale 0 (Least Confident) to 8 (Most Confident), how confident are you that the suspect 
wrote the document?  

 
 

 
Questioned Document Examiner: “Based on my analysis of the document, there is no conclusion 
in regards to the evidence being the suspect's handwriting”      
 
From a scale 0 (Least Confident) to 8 (Most Confident), how confident are you that the suspect 
wrote the document?  
 

 

 
 
Questioned Document Examiner: “Based on my analysis of the document, it is not indicated that 
the evidence is the suspect's handwriting”      
 
From a scale 0 (Least Confident) to 8 (Most Confident), how confident are you that the suspect 
wrote the document?  
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Appendix A (continued) 
 
Questioned Document Examiner: “Based on my analysis of the document, the evidence is 
probably not the suspect's handwriting”  
 
From a scale 0 (Least Confident) to 8 (Most Confident), how confident are you that the suspect 
wrote the document?  
 

 
 

 
Questioned Document Examiner: “Based on my analysis of the document, there is a strong 
probability that the evidence is not the suspect's handwriting”   
 
From a scale 0 (Least Confident) to 8 (Most Confident), how confident are you that the suspect 
wrote the document?  
 

 
 

 
Questioned Document Examiner: “Based on my analysis of the document, the evidence has been 
eliminated as the suspect's handwriting”  
 
From a scale 0 (Least Confident) to 8 (Most Confident), how confident are you that the suspect 
wrote the document?  
 

 
 
End of Block: Block 2 
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Appendix A (continued) 
 
Start of Block: Block 3 
 
When Questioned Document Examiners testify in court, they must use specific words to express 
their confidence to the triers-of-fact (e.g., judge and jury). They must use one of the following 
terms, which are ordered from most confident to least:  
 

• Identified 
• Strong probability 
• Probable 
• Indications 
• No conclusion 
• Indications did not 
• Probably did not 
• Strong probability did not 
• Elimination   

 
After reading this contextual information, please continue the survey.   
 
End of Block: Block 3 
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Appendix A (continued) 
 
Start of Block: Block 4 (Randomized; 4 of the following 9 questions will be presented) 
 
Questioned Document Examiner: “Based on my analysis of the document, the evidence has been 
identified as the suspect's handwriting” 
 
From a scale 0 (Least Confident) to 8 (Most Confident), how confident are you that the suspect 
wrote the document?  
 

 
 

 
Questioned Document Examiner: “Based on my analysis of the document, there is a strong 
probability that the evidence is the suspect's handwriting” 
 
From a scale 0 (Least Confident) to 8 (Most Confident), how confident are you that the suspect 
wrote the document?  
 

 
 

 
 
Questioned Document Examiner: “Based on my analysis of the document, it is probable that the 
evidence is the suspect's handwriting” 
 
From a scale 0 (Least Confident) to 8 (Most Confident), how confident are you that the suspect 
wrote the document?  
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Appendix A (continued) 
 
Questioned Document Examiner: “Based on my analysis of the document, it is indicated that the 
evidence is the suspect's handwriting” 
 
From a scale 0 (Least Confident) to 8 (Most Confident), how confident are you that the suspect 
wrote the document?  

 
 

 
Questioned Document Examiner: “Based on my analysis of the document, there is no conclusion 
in regards to the evidence being the suspect's handwriting”      
 
From a scale 0 (Least Confident) to 8 (Most Confident), how confident are you that the suspect 
wrote the document?  
 

 

 
 
Questioned Document Examiner: “Based on my analysis of the document, it is not indicated that 
the evidence is the suspect's handwriting”      
 
From a scale 0 (Least Confident) to 8 (Most Confident), how confident are you that the suspect 
wrote the document?  
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Appendix A (continued) 
 
Questioned Document Examiner: “Based on my analysis of the document, the evidence is 
probably not the suspect's handwriting”  
 
From a scale 0 (Least Confident) to 8 (Most Confident), how confident are you that the suspect 
wrote the document?  
 

 
 

 
Questioned Document Examiner: “Based on my analysis of the document, there is a strong 
probability that the evidence is not the suspect's handwriting”   
 
From a scale 0 (Least Confident) to 8 (Most Confident), how confident are you that the suspect 
wrote the document?  
 

 
 

 
Questioned Document Examiner: “Based on my analysis of the document, the evidence has been 
eliminated as the suspect's handwriting”  
 
From a scale 0 (Least Confident) to 8 (Most Confident), how confident are you that the suspect 
wrote the document?  
 

 
 

 
End of Block: Block 4 
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Appendix A (continued) 
 
Start of Block: Block 5 
 
We would like to know if you qualify for jury service. Are you...     
 

• a United State citizen  at least 18 years old 
• residing primarily in a judicidal district and have been for one year 
• adequately proficient in English 
• without a disqualifying mental or physical condition 
• someone who has never committed a felony  

 
 

 
Q1  
Based on this description, are you jury eligible? 

o Yes, I am eligible   

o No, I am not eligible 
 
 

 
Q2 What is your age? 

________________________________________________________________ 
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Appendix A (continued) 
 
Q3 What is the highest degree or level of school you have completed? 

o Less than a high school diploma  

o High school degree or equivalent (e.g., GED) 

o Some college, no degree  

o Associate degree (e.g., AA, AS)  

o Bachelor's degree (e.g., BS, BA)  

o Advanced degree (e.g., Master's, Professional, or Doctorate)   

o Other  ________________________________________________ 
 
 

 
Q4 What is your gender? 

o Female  

o Male 

o Non binary 
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Appendix A (continued) 
 
Q5 What is your ethnicity?  

o American Indian or Alaska Native   

o Asian  

o Black or African American  

o Hispanic or Latino  

o Multiracial  

o Native Hawaiian or Pacific Islander  

o White   
 
 

 
Q6 Which of the following best describes you? 

o Employed for wages   

o Self-employed   

o Out of work   

o A homemaker   

o A student  

o Military   

o Retired   

o Unable to work   
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Appendix A (continued) 
 
Q7 Is English your native language? 

o Yes  

o No, my native language is: ________________________________________________ 
 
 

 
Q8 Where did you grow up? 

o County  ________________________________________________ 

o State  ________________________________________________ 

o Country  ________________________________________________ 
 
 

 
Q9 Where is your current residence? 

o County  ________________________________________________ 

o State  ________________________________________________ 

o Country  ________________________________________________ 
 
End of Block: Block 5 
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Appendix B 
 
April 30, 2019 (corrected October 4, 2019) 

Dear Emily Nakamoto: 

I am pleased to tell you that you have been selected to receive an Award for Graduate Research 
in the amount of $1850.00 for your project, “Validation of Questioned Document Examiner 
Conclusion Scale.” The amount of your award may be less than you requested in your proposal, 
due to budget constraints. No matching funds were requested. 
 

The award is intended to recognize outstanding researchers among UIC graduate students, to 
enhance the quality of your research, and to assist in your progress toward completion of your 
advanced degree. I speak both for the Graduate College and the Graduate Faculty of the University 
when I say that the recipients represent the excellence of our programs and students, and they will 
make outstanding contributions to learning and society. 
 
Make sure to review the enclosed guidelines outlining the terms of this award. 
If you have any questions concerning your award please contact Benn Williams, our Fellowships 
and Awards Coordinator (bwilli7@uic.edu, 312-413-2389). Again, please accept my 
congratulations. 
 
Sincerely, 
 

 
Karen Colley 
Dean 
Kc/bw 
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Appendix B (continued) 
 

Award for Graduate Research and the Deiss Award in Biomedical Graduate Research 

Spring 2019 Guidelines 

1. Recipients must be currently enrolled in a UIC graduate degree program during the time 
they hold the award. 

2. The Graduate College will transfer funds in the amount of the award to the home 
department of the award recipient. The department will administer the funds to the 
student (see #9). 

3. Awards are designed to allow students to take advantage of unique opportunities to 
further their research, and to aid progress toward their degree. Effective Fall 2018, the 
Graduate College is delineating three spending categories: research travel, summer 
research stipend, and materials/supplies. 

4. Funds may not be used for routine expenses or those covered by other sources, such as 
grants of a major advisor. Examples of expenses that will not be allowed are: journal 
subscriptions, books, professional society dues, computers for routine use, travel to 
professional society meetings or general conferences. 

5. Examples of allowable expenses are: stipend; travel to archives; travel to confer with 
collaborators or with distinguished researchers who can make an unusual contribution to 
the student’s research project; expenses related to attending specialist conferences 
directly in the student’s research area; expenses of conducting surveys; expenses for 
performances or exhibitions; expenses for extraordinary laboratory materials; access to 
databases or libraries; significant and unusual photocopying expenses (e.g., of archival 
materials; or special software essential to research. 

6. Award funds must be expended substantially in accord with the budget submitted with 
the proposal. Significant variations from that budget must be approved in advance by the 
Graduate College. Under no circumstances will the Graduate College assume 
responsibility for expenses in excess of the amount of the award. 

7. Equipment purchased with Awards for Graduate Research funds will remain the property 
of the student’s home department, for the primary use of the award recipient and other 
graduate students. 

8. Expenses for Spring 2019 awards must be incurred between June 1, 2019 and June 30, 
2020. 

9. Funds will be transferred to your department for distribution. If the department 
processes the funds as an award, rather than as a reimbursement for 
research/equipment/etc., the following may apply: 

a. The stipend portion of the award is taxable income, although the University will 
not withhold federal or Illinois income taxes. International students, please 
check with the Office of International Students. Due to differences in the 
agreements between individual countries and the U.S., students from SOME 
BUT NOT ALL foreign countries will be taxed. Therefore, international 
students should contact the payroll office at payinq@uillinois.edu or 866-476-
3586. 

b. Students who are obtaining loans from Financial Aid: Note that obtaining an 
award will become part of your financial aid package and potentially affect your  
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Appendix B (continued) 
 
financial aid eligibility. If you have already received a refund from Federal Loans 
for the current year, you may be responsible for RETURNING THIS REFUND 
to UIC. Consult with the Financial Aid office if your department processes as an 
award and you have a federal loan. 

10. Research Award recipients must submit a short report within six months after the end of 
the grant period, but no later than the date that all degree requirements are completed. 

Please indicate acceptance of these terms by signing and dating the form and converting it to a 
PDF. Use this naming convention: AGR19Sp_Lastname_Firstname, i.e., 
AGR19Sp_Doe_Jane.pdf. Keep a copy for your records and send a copy electronically to Benn 
Williams via email (bwilli7@uic.edu) by May 14, 2019. Failure to do may result in forfeiture 
of the award. 

            X I accept the award    n/a This award includes a match 

                              I decline this award 

    
The monies should be transferred to 
FOAP: 200250-440000-xxxxxx-440162 

 

 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

(Emily Nakamoto) UIN: 670358617 

10/6/2019 

Date 
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Appendix C 
 

 
 
 
 
 
 
 
 
 

Variances and Covariances 
Covariance / Row Var Variance / Col Var 

Variance / DF 
 Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 

C1 1.701287129 
1.999603960 
2.548316832 

100 

0.762218891 
1.684257871 
1.401499250 

115 

0.268966379 
1.898512686 
0.932258468 

126 

-0.025634726 
2.329402129 
1.157903358 

110 

-0.515406162 
2.110644258 
2.341736695 

119 

0.084602785 
2.259623260 
1.144635545 

110 

0.528335832 
2.711244378 
1.567841079 

115 

0.617886179 
2.097560976 
3.464135851 

123 

1.203683738 
1.857053010 
8.010871518 

105 

C2 0.708340284 
1.407923269 
1.974061718 

109 

0.541262564 
0.962793158 
1.482630929 

106 

0.299813408 
1.131280821 
1.303212049 

122 

-0.076817889 
1.162081725 
0.900176963 

111 

-0.357921512 
1.367126938 
2.355741279 

128 

-0.149291076 
1.297414512 
1.294412010 

109 

0.173479561 
1.319470161 
1.667996012 

118 

0.525937031 
1.284257871 
3.888155922 

115 

0.455713094 
1.183402836 
6.277231026 

109 

C3 0.416666667 
0.917631918 
2.248310811 

111 

0.398623641 
0.740400185 
1.119303724 

131 

0.331559220 
0.903973013 
1.300974513 

115 

0.106083187 
1.159802195 
1.073025335 

121 

-0.124193548 
0.892645161 
2.241935484 

124 

-0.104176904 
1.038820639 
1.373464373 

110 

0.157685064 
1.341807910 
1.582862524 

117 

0.466101695 
1.271186441 
3.844893890 

118 

0.457271364 
1.098350825 
5.517841079 

115 

C4 -0.360342091 
0.976547346 
2.120260977 

106 

0.120763336 
1.347627468 
1.824638963 

116 

0.024242424 
1.044490358 
1.266666667 

120 

0.407821782 
1.139405941 
1.145346535 

100 

0.114908628 
1.097096923 
2.119997687 

131 

0.033535165 
1.163251048 
1.101692284 

113 

-0.037245407 
1.130465746 
1.757584390 

118 

0.166253444 
1.275895317 
3.819421488 

120 

-0.194922195 
0.970679771 
6.388861589 

110 

C5 -0.094965675 
2.338977879 
2.304347826 

114 

0.146700031 
2.295485351 
1.530080284 

138 

0.323225806 
2.183870968 
1.142967742 

124 

0.192823460 
1.939581491 
1.131005010 

116 

0.871911337 
2.017441860 
2.304990310 

128 

0.320552771 
2.299959355 
1.128912072 

121 

0.185606061 
2.102066116 
1.666666667 

120 

0.450482094 
2.010743802 
3.921763085 

120 

0.444806707 
2.003726129 
5.666278528 

113 

C6 -0.208630649 
1.667686035 
2.446653075 

108 

-0.275301587 
1.830603175 
1.173650794 

125 

0.111923510 
1.630671166 
1.073490814 

126 

0.167173693 
1.761263219 
1.156960742 

117 

0.605469163 
1.511530731 
2.190680207 

137 

0.487532175 
1.653072716 
1.378297941 

111 

0.555992844 
1.574478235 
1.996660704 

129 

0.847276688 
1.632897603 
4.157516340 

135 

0.802948403 
1.739066339 
6.409828010 

110 

C7 0.449402539 
2.281926811 
2.630227782 

103 

0.418918919 
2.162725225 
1.629343629 

111 

0.090171990 
1.982800983 
1.334643735 

110 

0.003448276 
2.119640180 
1.226011994 

115 

-0.013116308 
2.079804046 
2.390486726 

112 

0.372332922 
2.290424969 
1.046199965 

106 

1.354875283 
1.990929705 
1.781900639 

98 

1.613549832 
1.864053751 
3.829339306 

94 

2.153941104 
2.023628990 
6.845353553 

106 

C8 0.326169406 
5.116782554 
2.567319848 

112 

0.345938375 
5.323249300 
1.410014006 

119 

0.164124016 
5.274606299 
0.993540846 

127 

0.217920354 
5.143963338 
1.001738306 

112 

0.233893557 
4.646988796 
2.224089636 

119 

0.107031568 
5.421284379 
1.156211895 

121 

1.200910433 
4.901328740 
1.558009350 

127 

1.669435791 
4.803392177 
3.488750433 

107 

1.794079794 
5.152831403 
5.994851995 

111 

C9 1.188251718 
5.393470790 
2.094931271 

96 

0.503065440 
5.268425963 
1.468745835 

122 

0.120698413 
6.269269841 
1.386984127 

125 

-0.596646483 
5.590746778 
1.260363298 

113 

-0.789873968 
5.721932493 
2.143488338 

117 

0.591757091 
6.606129831 
1.075004759 

102 

1.485794131 
4.904285049 
1.616208663 

113 

1.868345135 
5.583005507 
3.521308681 

123 

3.434418458 
5.277496839 
5.093710493 

112 
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Appendix D 
 
Participants’ responses to the two sets of research questions for verbal terms, identified-
eliminated (8-0), without context followed by responses to the survey’s contextual counterpart.  
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Appendix D (continued) 
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Appendix E 
 
 
Participant’s demographic information (exclusive of outliers and those who are not jury eligible)  
 
  

N % 
 

  N % 
Jury Eligibility     

 
Employment     

Eligible 592 100 
 

Employed for Wages 450 76.4 
Not Eligible 0 0 

 
Self-Employed 79 13.4 

Age     
 

Out of Work 12 2.0 
< 23 years  26 4.4 

 
A Homemaker 20 3.4 

24-41 years 380 64.4 
 

A Student 9 1.5 
42-54 years 128 21.7 

 
Military 0 0.0 

55-73 years 55 9.3 
 

Retired 15 2.5 
73 years + 1 0.2 

 
Unable to Work 4 0.7 

Education     
 

English as Native 
Language 

    

< High School Diploma 5 0.8 
 

Yes 575 98.5 
High School Degree or 
Equivalent (GED) 

66 11.2 
 

No 9 1.5 

Some College, No Degree 115 19.5 
 

Childhood Residence     

Associate's Degree 66 11.2 
 

Urbanized Area 432 82.9 
Bachelor's Degree 268 45.4 

 
Urban Cluster 16 3.1 

Advanced Degree 70 11.9 
 

Rural 68 13.1 
Other 0 0.0 

 
Not United States 5 1.0 

Gender     
 

Current Residence     
Female 235 39.8 

 
Urbanized Area 439 84.3 

Male 353 59.8 
 

Urban Cluster 19 3.6 
Non-Binary 1 0.2 

 
Rural 63 12.1 

Ethnicity     
 

Not United States 0 0.0 
American Indian or Alaska 
Native 

2 0.3 
    

Asian 35 5.9 
    

Black or African American 66 11.2 
    

Hispanic or Latino 38 6.5 
    

Multiracial 15 2.5 
    

Native Hawaiian or Pacific 
Islander 

1 0.2 
    

White 432 73.3 
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