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Background 

• Forensic identification is critically important within the criminal justice  
system.

• A variety of studies have shown accuracy and reliability of conclusions by 
fingerprint examiners are imperfect (e.g., Neumann, Champod & 
Langenburg; Pacheco, Cerchiai, & Stoiloff, 2014; Ulery, Hicklin, Buscaglia, 
& Roberts, 2011).

• Erroneous exclusions are much more prevalent than erroneous 
identifications, and examiners often are inconclusive on comparisons that 
resulted in identifications from other examiners.



Purpose

• This research has focused on cognitive factors in the fingerprint 
identification field.

• Literature and experiment results have shown that cognitive bias 
has influenced the reliability of fingerprint identification.

• Using eye tracking methodologies to record the performance of 
fingerprint examiners.  



Hypothesis

•Hypothesis 1
The existence of cognitive bias in fingerprint identification process.
•Hypothesis 2
Comparison difficulty impact on error rate and cognitive strategy.
•Hypothesis 3
Time effect can be adjusted by difficulty of comparison. 
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Experiment Design

• Experiment Fingerprint Comparison Trials: 30
• Participants:  32 police fingerprint experts
• Equipment:  Tobii300 Eye Tracking Equipment
• Time pressure: Time limited and No Time Limited
• Within-subjects design 



Experiment Materials



Experiment Materials

Difficulty of Comparison

Hard 10  - 4 Exclusions & 6 IDs

Medium 10  - 4 Exclusions & 6 IDs

Easy 10  - 4 Exclusions & 6 IDs

Resolution ratio : 1024*768



10 trials : Hard – Difficulty   (4 Exclusion & 6 ID)

Experiment Materials



10 trials : Hard – Difficulty   (4 Exclusions & 6 IDs)
4 Exclusions – Close Non Match

Experiment Materials



Tobii300 Eye Tracking Equipment

Sampling frequency （Two Eyes）：300Hz
23″ liquid crystal display (LCD) 
Distance from liquid crystal display (LCD): 65±10cm

Experiment Materials









Participants 

• 32 police fingerprint experts
• 1 police fingerprint expert has some issues with pupil 
• 31 experts’ available  results
Basic information：

Age Sex
(Male: Female)

Working 
years

Confidence Passion

39.1±7.5 16：15 14.3±8.4 3.8±0.7 4.1±0.8



Participants 



Dependent Variable

• Response time - Watching time
• Error rate - Error Number
• Fixation - Average Fixation Duration\ Fixation Counts
• Saccadic - Average Saccadic Amplitude
• Pupil  - Average Pupil Diameter-left 

Average Pupil Diameter-right



Response time
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• The response time for hard comparisons was 
significantly longer than that for easy, and 
the response time with no time pressure was 
significantly longer than with time pressure.

• It indicates that the operation of difficulty and 

time pressure impact subjects' subjective control 

of cognitive decision-making time. 
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Effect on Error Rate with Comparison Difficulty and Time Pressure
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Discussion-Error Rate

• It is verified that difficulty and time pressure affect the accuracy of fingerprint identification.

• The number of errors in hard comparisons was significantly higher than in easy comparisons. 
The number of errors with time pressure was significantly higher than without time pressure. 
Moreover, the number of errors in hard comparisons was significantly higher than that in 

easy comparisons, regardless of time pressure or time pressure.

• Difficulty of comparison manipulation is effective, and difficulty will directly affect the 
accuracy of decision-making. 
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Fixation Counts

Fixation Counts
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Average Saccadic Amplitude

Average Saccadic Amplitude
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Example: Eye Movement

One participant’s Eye Fixation Points 
A-D-EX-01 (CNM)



Example: Eye Movement



Video



Average Pupil Diameter
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• Psychological significance:  The size of a person's pupils is
affected by how much he or she cares about and is interested in the
object. The pupils dilate when you pay attention.

• The change trend of left and right pupil diameter was the same.

• The results showed that the changes of pupil diameter were all
within the normal range.

Average Pupil Diameter



Conclusions

• Difficulty has a moderating effect on the relationship between 
time pressure and errors.

• More factors will be presented to those 31 police fingerprint 
experts in Aug, 2019.

• Eye tracking can be used as a method to document the 
performance of examiners.

• The data collected is extremely large in size.
• A Model is needed to evaluate the performance of examiners. 
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