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GCxGC-MS for Communication

 Comprehensive two-dimensional gas chromatography has been proposed
in research for many purposes:
— Death investigation
— Drug analysis
— Toxicology Reporting/communication

— Arson investigation of results is an

essential component

— Chemical agent detection of scientific research and

— Qil spill investigations routine analysis.




GCxGC-MS provides substantial

* GCxGC-MS is “too complex” and will

never be suitable for routine forensic benefits for nontargeted profiling
analysis * GCxGC-MS provides “images” as
* Expert witnesses will never be able to output that could help laypersons
explain GCxGC-MS data in a understand data better
courtroom « Expert witness testimony would be
e GC-MS has always worked just fine... more effective with GCxGC output
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e Often involves comparative analysis
— Known vs. reference

e Can involve visual aids

— Some studies have shown improved jury
understanding when 3D models were used
instead of photographs?

* There exists a general lack of information on
how jurors process scientific data

— More exists on fingerprint comparison and DNA
analysis

— Very little on chemical analysis

Blau, S., Phillips, E., O’Donnell, C., & Markowsky, G. (2019). Evaluating the impact of different formats in the presentation of trauma evidence in court: a

pilot study. Australian Journal of Forensic Sciences, 51(6), 695—704.
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* To provide the first empirical study! of the observation of chromatographic -

differences by non-specialists '

— Are individuals effective at identifying if two chromatographic profiles are
distinguishable vs. indistinguishable?

— Are individuals effective at identifying the degree of similarity between pairs of
chemical output?

— Do individuals feel that chromatographic data is challenging to compare based on
output?

e Subjects were asked to play a virtual “spot-the-difference” game without any
case details or explanation from an expert

IClarissa Camara, Cynthia Cheung, and Katelynn A. Perrault Uptmor. "Observation of chromatographic differences by non-specialist viewers for one-
dimensional gas chromatography and comprehensive two-dimensional gas chromatography output." Forensic Chemistry 41 (2024): 100620.
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IRB Protocol CUH 0070-2018

Recruited participants via
— department emails
— poster advertisements
— within online learning management systems
— email lists

Chaminade University of Honolulu & wider
University of Hawaii School System

Participants had to meet criteria for jury
eligibility and not currently hold a degree in a
natural science

70 eligible participants responded

Laboratory of Forensic and Q)

Bioanalytical Chemistry
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Image Comparison Survey

Thank you for your interest in participating in this research study. We greatly appreciate your
time to help us collect valuable data.

The first step is to read the informed consent form for the study to understand the purpose,
benefits, and risks of the study. You will then be prompted with questions to determine if you
meet eligibility to participate in this study. If you are ineligible to participate, you will be able
to leave the survey and we thank you for your time anyway! If you are eligible to participate,
allow yourself 30-60 minutes to complete the study.

This process is designed to be completed on a computer. Please do not use a phone, tablet,
or other such devices.

Please click “Fill out form” to start the survey, and then "next" to continue.




Step 1: Assess the two images. Are there any differences? Table 1

Image difference levels for all three image categories.

Example Question #1 Level  Description of Image Comparison
0% Two identical images were presented to the viewer.
10% 10 % of the grids within the image had alteration between the two images
- . i " presented to the viewer.
These two images are the same

25 % 25 % of the grids within the image had alteration between the two images
DISTINGUISHABLE/ presented to the viewer.
509% 50 % of the grids within the image had alteration between the two images

(O VYes, they are identical images. Non-Match presented to the viewer.

100%  Two completely different images were presented to the viewer.

(®) No. Only a few differences exist

Table 2
O No. Several differences exist. Responses to the prompt “These two images are the same™.
Difference Level  Statement Assigned Code
(O No. Many differences exist. 0% “Yeo, they are entical images” .
10 % “No, only a few differences 2
O No. Th T letely diff Li 25% “No, several differences exist.” 3
0. [hey are.competety airierent images. 50 % “No. Many differences exist.” 4
100 % “No. They are completely different images.” 5
Example Question #2
How difficult was it to perceive the differences between the images sbove? *
Table 3
Responses to the prompt “How difficult was it to
O Easy perceive the differences between the images
above?”.
® Moderat i
\®) Moderate Difficulty Level Code
Easy 1
O Hard Moderate 2

Hard 3
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Fig. 1. Average difficulty score for image comparisons across different
categories. Each category represented 15 comparisons performed by n= 70
individuals. Error bars represent standard deviation. 11
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Question 32 (0% difference) Question 37 - 0% difference Question 44 (0% difference) Question 42 (0% difference)
Average Difficulty = 1.8/3.0 Average Difficulty = 1.9/3.0 Average Difficulty = 1.8/3.0 Average Difficulty = 1.6/3.0
Fig. 2. The three comparisons that presented the highest difficulty level to participants. Question number Fig. 3. Example of comprehensive
within the survey, level of different, and average difficulty across 70 participants are shown beneath each two-dimensional gas chromatography
comparison. (GCxGC) identical contour plot

comparison with highest difficulty
score within the GCxGC-MS category.

NOTE: Out of 45 comparisons, only one question
was scored correctly by every single participant
(n=70). It was a GCxGC contour plot.
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Comparisons Correctly Answered (%)
g

Control Images 1D Chromatograms 2D Contour Plots
(67%) (55%) (52%)

Fig. 4. The percentage of correctly answered comparisons across all 45
comparisons performed by 70 study participants. Participants conducted 15
comparisons in each category across a variety of 0-100% difference in images. A
two-tailed student’s t-test demonstrated no significant difference (n.s.) between
each of the groups and the control group. Error bars represent standard deviation.
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Fig. 5. Success rate of participants to correctly distinguish the difference level
of the comparison based on phrase options based on both difference level and
image comparison type. Error bars represent standard deviation.
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Fig. 6. Assessment of correct responses by original scoring system (black) accounting
for allocation to correct category of image, compared to Correct Match (grey) and
Correct Non-match (white) system. Correct Match/Non-match scoring of correct
answers was performed to assess the ability of participants to determine whether the
two images were simply distinguishable or indistinguishable without requiring the
difference level assessment. Error bars represent standard deviation.
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Future Directions

* |ncrease participation rate

* Accompanying explanation
— Different evidence types
— Mock case scenarios

* Plot types

— Contour plot, surface plot, apex plot...

e Color scheme and color scale
* Deep learning strategies
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Conclusions

Participants were:
* Generally confident in their ability to compare images
* Most challenged by comparison of identical images

—  Possibly due to large/time effort devoted to comparison
—  But...successful at this task despite difficulty

* Not very successful at quantifying the amount of difference between distinguishable plots (all
categories)

* Very successful at determining whether two plots were distinguishable or indistinguishable
(match/non-match)

No significant difference was observed between performance across photographs, GC-MS

chromatograms, or GCxGC-MS contour plots

Current data supports that GCxGC-MS data is no more or less

challenging to understand than GC-MS data for laypersons.
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