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Figure 20. Edge pattern occurrence trends for true-fit pairs for all compared sets. Overall, puzzle-like edges are more 
common in hand-torn sets, while straight or angled edges are more commonly observed in scissor-cut sets. 4 

Also, after separating hundreds of duct tape pieces, and evaluating the features that are indicative of a 
fit or non-fit, we define eight main features for the examination of duct tape as follows (see table 8): 

1. Alignment of severed dimples: these are severed dimples on tape backings that align from 
one edge to the other in shape, size and location across the fracture. This feature is only 
applicable on the backing side. When it is present and aligns across the separated edges, it can 
provide support to a fit decision because these manufactured-imparted marks have some 
inherent variability across a single roll and when split through the fracture, those patterns are 
very unlikely to align by chance. Likewise, when there is a major misalignment of the severed 
dimples, the feature provides support to the non-fit decision. 
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2. Calendaring striations across the edge: calendaring striations are small scratches or marks 
left during the manufacturing process on the backing side. When these marks align across 
fracture edges in their relative position, shape, and depth, they can provide support for a fit. 
Otherwise, when they show misalignment, they support a non-fit. 

3. Alignment of warp scrim: warp fibers are an inherent component of duct tape, and they are 
known to be present and constructed in a reproducible manner across a tape roll. Therefore, 
when these fibers transverse the fracture and align to the corresponding fiber on the other 
side, they support a fit decision, and vice versa in a non-fit situation. 

4. Correspondence of protruding warp yarns and the respective pattern gaps in the other
edge: when the separation of the tape lifts warp fibers away from one of the edges, leaving 
an indentation on the adhesive of their original location, the correspondence of the warp fibers 
that extend past the edge of one tape piece and the gap of the missing scrim on the opposite 
side becomes evident. This feature, when present can support a fit decision. 

5. Weft scrim at or near the edge consistent with the overall weft pattern: another 
important component in the scrim construction is the yarn that runs across the width of the 
tape. Because, the separation and construction patterns are reproducible within a single roll, 
and variable between different roll sources, this feature can be valuable in the examination. 
When the weft yarns on each edge are consistent with the rest of the weft fibers on the 
opposing edge, they support a fit decision; otherwise, they support a non-fit. 

6. Continuation of scrim weave pattern: this feature refers to the consistency, or 
inconsistency, of the construction pattern of the weave and warp yarns in the separated edge 
as compared to the expected sequence of the pattern observed in the rest of the tape pieces. 
And the continuation, or lack of, can aid in the fit or non-fit determination. 

7. Distortion explained by stretching directionality: stretching inevitably occurs to some 
extent during a tape separation and this can hide both non-fitting and fitting features. When 
the alteration to the backing and adhesive morphology coincides with the direction of the 
tearing, the distortion can be explained although it would not provide a strong support of a 
fit. Otherwise, when the distortion is not explained by stretching directionality, the feature can 
lead to a non-fit decision or an inconclusive result. 

8. Missing material: gaps left on the edge alignment by missing material can provide support 
for non-fit decisions. 
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Table 8. Table of features extracted from the documentation for tapes and the respective response options for 
observation of the features at the macroscopic and microscopic level.7 

With these bases, a systematic documentation template is created to document the observed features 
during macroscopic and microscopic stages of the examination, report a score per bin that provides 
visualization at-a-glance of fit, non-fit and inconclusive areas, and estimate the ESS. A workflow and 
defined criteria are proposed, proving a path forward to address standardization and consensus 
within the discipline (see Figure 21). 4 
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Figure 21. Proposed examination scheme for physical fit comparisons. If the samples are not suitable for physical fit 
examination, then other chemical examinations are necessary. If the sample edges demonstrate obvious differences in the 
comparison features at any stage, the outcome is “no physical fit”. Beyond the microscopic comparison (Step 3 of ESS), 
the outcome is “no physical fit (non-fit)”, “inconclusive”, or “physical fit” with a description of its value. The quantitative 
ESS score and SLR can then be used to estimate the probative value of the outcome. 4 
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To illustrate the use of the proposed approach, a kidnapping/homicide mock case is described here. 
In this case, the mock scene includes a victim who is bound and gagged with duct tape, and the 
evidence is collected to simulate a high level of difficulty for the tape examiners. For example, some 
items are stretched during the restraining to the victim and placed on full acetate sheets, while others 
are crumpled up in plastic bags, as shown in Figure 22. A known tape roll is submitted for 
comparison. Upon examination, the analyst determines the tape was hand-torn and of medium quality 
grade, therefore the ESS scores from comparing various recovered items (questioned items) with the 
known tape are calculated, and the score likelihood ratios estimated from the MQ-HT dataset (see 
Figure 23), using a shinny app developed by our group. Figure 23 shows the use of ESS data from 
the MQHT datasets to create kernel distributions to build the log score likelihood ratios (SLR) shown 
on the right side. Thus, when the analysts complete examination, they have two metrics to support 
and inform their opinion: ESS scores and SLRs. 

Fig 22. Images taken of the tape samples collected from the mock crime scene. Image A, shows a tape placed on the 
mannequin. Image B, shows a tape sample that was received crumpled, and image C shows a false negative example of 
a distorted tape (right) compared to the  known source (left). Adapted  from Prusinowski et a.l. 6 

Fig 23. Left: Score distributions of the true positives (TP, blue) and true negatives (TN, green) of the medium 
quality tape hand-torn set for both participating analysts. Right: Logarithmic score likelihood distribution for both 
analysts in the medium quality tape hand-torn set. 
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Three analysts independently examine the tape pairs. The criteria they used for ESS are 0-40% fit 
support, 40-60% inconclusive, and 60-80% weak-moderate support of fit, 80-100% moderate-strong 
support of fit. The SLRs provide an easier scale to express the opinion as it is not tightly binned as 
the ESS, but they complement each other. All of the non-fitting tapes are correctly identified in this 
case, with ESS ranging from 0-30%, and SLR ranging from 0.0001 to 0.01, thus no false positives 
were reported. Of the nine total true fits, two examiners correctly identify six, and the third examiner 
identify five. The range of scores between the examiners and the score likelihood ratio values are 
calculated as seen in Error! Reference source not found..6 The tapes with high ESS receive 
correspondingly high SLR values, indicating stronger support for the conclusion of a fit. The tapes 
that receive lower scores indicate support for the conclusion of a non-fit, rendering three false 
negatives and one inconclusive. This case illustrates that regardless of the extreme stretching in the 
samples, there are 6 out of the 9 true fits that render high ESS scores and strong support via SLR. 

Table 9. Range ESS and score likelihood value (n=3) and interpretation for each known match for the casework set 
(nine questioned items). Adapted  from Prusinowski et a.l. 6 

Milestone 2¾Method validation through large databases and evaluation of factors that affect
performance rates 

As described in the “research design, methods and data analysis” section, the duct tape forensic 
examination method is validated through a large database of over 3,000 comparison pairs of various 
qualities and separation methods. This validation provides answers to the following research 
questions: 

1) Do all physical fits hold the same probative value? Can quantitative metrics demonstrate the 
quality of a fit and be used for the probabilistic interpretation of the evidence? 

2) What are the performance rates of physical fit examinations? 
3) Which factors influence the occurrence of these features and the quality of a physical fit? 

50 This resource was prepared by the author(s) using Federal funds provided by the U.S.  
Department of Justice. Opinions or points of view expressed are those of the author(s) and do not 

necessarily reflect the official position or policies of the U.S. Department of Justice.




