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Abstract

This lecture will address some of the 
fundamental principles of latent fingerprint 

examination, beginning with uniqueness and 
persistence.  We will then closely examine the 

current framework for decision-making and how current framework for decision-making and how 
the concept of ‘sufficiency’ plays a major role in 

these decisions.  A discussion regarding the 
accuracy of latent print examiners’ conclusions 

will complete the presentation.   



Friction Ridge Skin (Wertheim & Maceo, 2002)

• The epidermis is constantly worn off and replaced by 
basal layer cell division.
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Persistence

The anatomy of the basal layer (blueprint) is reflected on the surface.  

Basal Layer



Uniqueness

• “Differential growth plays the major role in the 
establishment of the morphology of volar skin.  Stresses 
arising out of differences in growth rate condition the 
alignment and fusion of the ridge units…” (Hale, 1952)

• “…the placement of any particular second level detail 
within the developing ridge field is governed by a random within the developing ridge field is governed by a random 
series of infinitely interdependent stresses, strains, and 
tensions across that particular area of skin at that critical 
moment.  Slight differences in the mechanical stress, 
physiological environment and/or variation in the timing 
of development could affect any particular minutiae 
placement in that area of skin.” (Wertheim & Maceo, 
2002)



ACE-V Methodology

• Analysis = Data collection
• Comparison = Testing the data
• Evaluation = Conclusion
• Verification = Peer review• Verification = Peer review

– Triplett and Cooney, 2006



Analysis

• Observe friction ridge features in a latent 
impression.

• Consider the dynamics involved in the 
production of that impression.

• Seek to understand the appearance, clarity and • Seek to understand the appearance, clarity and 
distortion of these friction ridge features.

• We are trying to understand why a given 
impression looks the way it does.

• Consider the three levels of detail.



Levels of Detail

• Level 1 – ridge flow
– Pattern type
– Class characteristic that allows for grouping

• Level 2 – ridge path
– The route of the friction ridges– The route of the friction ridges
– Has individualizing power

• Level 3 – ridge shape
– Look at ridge edges, pores, etc.
– Has individualizing power



Class Characteristics

• Permit something to be considered as part of a 
larger group only

• Example is outsole (tread) design on your shoes
• In fingerprints this is called ridge flow, or Level 1 • In fingerprints this is called ridge flow, or Level 1 

detail
• Often referred to as pattern type
• Cannot make identifications based solely on 

class characteristics
• May be possible to make exclusions



Class Characteristics



Unique Characteristics

• Permit an item to be indentified to, or excluded 
from, a source

• This includes ridge path (Level 2 detail) – ending 
ridges, bifurcations, etc.ridges, bifurcations, etc.

• Also includes ridge shape (Level 3 detail)



Unique Characteristics
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Accidental Characteristics

• Typically refers to damage to friction ridge skin
• However, some damage may be intentional, 

such as attempts to alter one� s own fingerprints.
• Regardless, this damage usually results in • Regardless, this damage usually results in 

permanent scarring.
• Scarring is considered unique and can be used 

for identification purposes.
• Galton recognized the significance of scarring in 

Finger Prints (1892).



Analysis Considerations

• Skin condition
• Substrate
• Matrix
• Development medium
• Deposition pressure• Deposition pressure
• Lateral pressure
• Anatomical aspects
• Ridge/furrow width
• Clarity/tolerance
• Red flags



Organization of Distortions
(p. 109 – Ashbaugh)

Anatomical aspects

Lateral pressure

Deposition pressureDeposition pressure

Development medium

Matrix 

Substrate



Substrate Interference



Increasing Deposition Pressure



Lateral Pressure





Comparison (SWGFAST)

• Comparison begins with the determination of dissimilarity or similarity 
between two impressions at Level 1. If similarity is determined within 
tolerance , a target group is selected from the features observed during the 
analysis phase and is then searched within the selected area of the other 
impression. When similarity with the target group exists, additional 
contiguous arrangements of features are compared between impressions 
in a cyclical or recurring process from the unknown to the known 
impression to evaluate disagreement or agreement between the impression to evaluate disagreement or agreement between the 
impressions. If the initial target group is not found, alternative target groups 
may be selected and compared.

• Comparison is accomplished through the side-by-side observation of all 
levels of details to determine whether the two impressions are in 
agreement or disagreement based upon features, sequences, and spatial 
relationships within the tolerances of clarity and distortion.



Evaluation

• The concept of ‘sufficiency’ is critical here.
• You will learn that sufficiency is not static.
• Sufficient agreement of features results in an 

identification decision.
• Sufficient disagreement of features results in an • Sufficient disagreement of features results in an 

exclusion decision.
• Lack of support for either of these conclusions leads to 

an inconclusive decision.



Sufficient Agreement = Identification



Sufficient Disagreement = Exclusion



Coins in the Pocket

“[Sufficiency] is like coins in the pocket.  If the defense 
attorney were to ask me for a dollar and all I had was 
change, I would pull a handful of coins from my pocket and 
drop them one by one into his hand until he had a dollar.  
Now, how many coins did it take to make that dollar?...There 
is no set number!  It all depends on the value of the coins 
used.  The same is true in fingerprint identification…The used.  The same is true in fingerprint identification…The 
features used to identify an impression all have different 
values based on their type and clarity.  Until I see the exact 
known and unknown impressions being compared, I do not 
know how many features I will need to achieve the 
identification.  It is that simple.”

Paul Ramsey, Journal of Forensic Identification, 2005, 55(3), p. 291



Analogies for helping non-practitioners 
understand sufficiency

• Teachers routinely test students to determine if they 
have sufficient understanding of the material.

• A mechanic performs a leak check after patching a tire.  
Seeing no air bubbles from the soap solution, he/she 
determines the patch job was sufficient to put the tire determines the patch job was sufficient to put the tire 
back on the road.

• Farmers routinely know they are providing their crops 
with sufficient water and fertilizer.

• Based on your knowledge of your vehicle’s gas mileage, 
and the distance of a pending trip, you fill your tank with 
a sufficient amount of fuel.
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Verification

• We should be attempting to falsify the conclusion of the 
examiner of record, or how it was drawn.

• We should NOT enter into this phase with the mindset of 
confirming or upholding the original conclusion.

• Ensure that scientific procedures and principles were • Ensure that scientific procedures and principles were 
used.

• Verification should not be completely blind, since this 
would prevent the reviewing examiner from looking at 
how the initial examiner arrived at his/her conclusion.



Accuracy of ACE-V

• No ‘ground truth’ in casework – established by consensus
• Research studies post-NAS report show three trends:

– Accuracy of ACE-V is quite high, especially for identifications
– Accuracy depends on the complexity of the impressions being 

compared
– Experts perform better than trainees; trainees perform better than – Experts perform better than trainees; trainees perform better than 

novices.

• Examiners are less accurate when making exclusion 
decisions versus identification decisions
– FBI black box:  FPR = 0.1% FNR = 7.5%
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