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D20 Anomalous Initial Readings in Tribometric Testing of Barefoot Subjects

Mark I. Marpet, PhD, PE*, 14 Cowie Road, Chester, NJ 07930-9715; Marcus P. Besser, PhD, Pennsylvania State University Abington 
College, 1600 Woodland Road, Abington, PA 19001-3900; and Howard P. Medoff, PhD, Pennsylvania State University, 1600 Woodland 
Road, Abington, PA 19001

$IWHU�DWWHQGLQJ�WKLV�SUHVHQWDWLRQ��DWWHQGHHV�ZLOO�EH�IDPLOLDU�ZLWK�FHUWDLQ�SUREOHPV�WKDW�DSSHDU�LQ�ZDONZD\�VDIHW\�WULERPHWU\�DQG�KRZ�
to statistically test for the presence of these problems.

This presentation will impact the forensic science community by alerting practitioners to potential problems in tribometric testing, 
how to determine if such problems exist, and how to eliminate them.

Background��$�PRGL¿HG�6WHSPHWHU�LV�LQ�WKH�SURFHVV�RI�EHLQJ�YDOLGDWHG�XQGHU�$670�)�����6WDQGDUG�3UDFWLFH�IRU�9DOLGDWLRQ�DQG�
&DOLEUDWLRQ�RI�:DONZD\�7ULERPHWHUV�8VLQJ�5HIHUHQFH�6XUIDFHV����%ULHÀ\��WKH�6WHS�0HWHU�LV�D�F\ERUJ�OLNH�WDNH�RII�RI�D�6OLS�7HVW�0DUN�
II Portable Inclinable Articulated Tribometer, where a human subject’s leg is constrained to move only vertically and/or rotate forward 
IURP�WKH�NQHH�MRLQW���7KH�VXEMHFW¶V�FRQVWUDLQHG�OHJ�LV�SDVVLYHO\�ORZHUHG�DJDLQVW�DQ�LQFOLQHG�WHVW�VXUIDFH���0RUH�VRSKLVWLFDWHG�VWDWLVWLFDO�
DQDO\VLV�WKDQ�FRQWDLQHG�LQ�)�����LV�XWLOL]HG��YL]���ORJLVWLF�UHJUHVVLRQ�LV�XVHG�WR�¿QG�WKH�SRLQW�DW�ZKLFK�S�VOLS�� �S�QR�VOLS�� �������,Q�WKH�
validation process, repeated tests (foot lowerings) are conducted at a given test-surface inclination angle and the sequence of slips versus 
no-slips is recorded.  A visual inspection of the data raised the hypothesis that the initial foot lowerings in any sequence of same-angle 
tests appears to be somehow different from the rest of the sequence.

Experiment��7R� LQYHVWLJDWH� WKLV�K\SRWKHVLV��2I¿FLDO�9LQ\O�&RPSRVLWLRQ�7LOH� �29&7��5HIHUHQFH�6XUIDFH�&� LQ�)������DQG� WKHQ�
&HUDPLF�7LOH��5HIHUHQFH�6XUIDFH�'��ZHUH�VXFFHVVLYHO\�LQVWDOOHG�LQ�WKH�PRGL¿HG�6WHS�0HWHU���7KH�LQVWUXPHQW¶V�WHVW�VXUIDFH�LQFOLQDWLRQ�
angle was adjusted for each test surface so that the p(slip) was approximately 0.5.  For each surface, repeated series of ten foot-lowerings 
ZHUH�FRQGXFWHG�����VHTXHQFHV�IRU�WKH�29&7�DQG����IRU�WKH�&HUDPLF�7LOH����7KH�VOLS�QR�VOLS�UHVXOWV�ZHUH�UHFRUGHG�LQ�VHTXHQFH��L�H���VOLS��
VOLS��QR�VOLS��«��VOLS����7KH�QXPEHU�RI�VOLSV�ZDV�KLVWRJUDPPDWLFDOO\�WDEXODWHG���,I�WKH�SUREDELOLW\�RI�D�VOLS�LV�FRQVWDQW�IURP�IRRW�ORZHULQJ�
WR�IRRW�ORZHULQJ��WKH�SUREDELOLW\�RI�WKH�¿UVW�VOLS�DW�WKH�NWK�WULDO�ZLOO�IROORZ�D�JHRPHWULF�GLVWULEXWLRQ�

 where p number of slips/number of trials.  For example, this study 
REVHUYHG�LQ�WRWDO����VOLSV�LQ�����WULDOV�IRU�WKH�29&7��WKXV�p 53 /110 ��������$�Ȥ

2�JRRGQHVV�RI�¿W�WHVW�ZDV�FRQGXFWHG��ZKHUH�WKH�H[SHFWHG�
QXPEHU�RI�RFFXUUHQFHV�ZDV�FRPSDUHG�ZLWK�WKH�REVHUYHG�QXPEHU�RI�RFFXUUHQFHV�������+0���'LVWULEXWLRQ�FDQQRW�EH�GLVWLQJXLVKHG�IURP�

D�*HRPHWULF�'LVWULEXWLRQ������+1���'LVWULEXWLRQ�GRHVQ¶W�IROORZ�D�*HRPHWULF�'LVWULEXWLRQ������7HVW�6WDWLVWLF��

�ZLWK�N���GHJUHHV�RI�IUHHGRP��DQG������� :KHUH�(�N 11g(k; 0.482).

&ŝƌƐƚ�ƐůŝƉсŬ g;k͖Ϭ͘ϰϴϮͿ �Ŭс�ǆƉĞĐƚĞĚ OŬсKďƐĞƌǀĞĚ ;KŬʹ�ŬͿ
Ϯͬ�Ŭ

1 0.482 5.30 1 3.4887
2 0.250 2.75 0 2.7464
3 0.129 1.42 4 4.6661
4 0.067 0.74 1 0.0935
5 0.035 0.38 5 55.8059
6 0.018 0.20 0 0.1980
7 0.009 0.10 0 0.1026
8 0.005 0.05 0 0.0532
9 0.003 0.03 0 0.0276
10 0.001 0.01 0 0.0143
11 0.001 0.01 0 0.0074
Totals-> 1.0 10.98 11.00 Ȥ� �����
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The p-value��L�H���S+�����Ȥ��������� ������7KDW�LV��WKH�SUREDELOLW\�WKDW��XQGHU�D�JHRPHWULF�GLVWULEXWLRQ��RQH�FRXOG�DFKLHYH�WKH�ȋ2 

UHVXOW�IRXQG�ZRXOG�EH�HIIHFWLYHO\�]HUR���HIIHFWLYHO\�DQ�LPSRVVLELOLW\���)RU�FRQWH[W��WKH����FULWLFDO�YDOXH�LV�Ȥ2 �����
7KH�¿UVW�DQG� WKHQ� WKH�¿UVW�DQG�VHFRQG� IRRW�GURS� UHVXOWV�ZHUH� WKHQ� UHPRYHG� IURP� WKH�FDOFXODWLRQ�� �:LWK� WKH�¿UVW� UHDGLQJ� LQ� WKH�

VHTXHQFH�GURSSHG��Ȥ2���G�I�� ������ZLWK�FRUUHVSRQGLQJ�p-value�RI���������VWLOO�KLJKO\�VLJQL¿FDQW���:LWK�WKH�¿UVW�DQG�VHFRQG�UHDGLQJV�LQ�
WKH�VHTXHQFH�GURSSHG��Ȥ2���G�I�� �������FRUUHVSRQGLQJ�WR�D�p-value�RI�DERXW������ZKLFK�LV�FRQYHQWLRQDOO\�FRQVLGHUHG�QRW�VLJQL¿FDQW���
7KDW�LV��ZLWK�WKH�¿UVW�DQG�VHFRQG�UHDGLQJV�LQ�HDFK�VHTXHQFH�LJQRUHG��WKH�GDWD�FRXOG�QRW�EH�GLVWLQJXLVKHG�IURP�D�JHRPHWULF�GLVWULEXWLRQ�

)RU� WKH� FHUDPLF� WLOH�� Ȥ2��� G�I�� ������ ZLWK� D� FRUUHVSRQGLQJ� p-value� RI� �������� �:LWK� WKH� ¿UVW� IRRW�GURSSLQJ� UHVXOW� HOLPLQDWHG��
Ȥ2���G�I�� �������ZLWK�D�p-value�RI�DERXW�������QRW�FRQVLGHUHG�WR�EH�VLJQL¿FDQW���:LWK�WKH�¿UVW�WZR�IRRW�GURSSLQJ�UHVXOWV�HOLPLQDWHG��
Ȥ2���G�I�� ������ZLWK�D�p-value of about 90%.  (If you believed the results didn’t follow a geometric distribution, you would have an 

approximately 90% chance of being incorrect.)
Recommendations:  On the basis of these results, it would preliminarily be recommended that, at least for barefoot tribometry, the 

¿UVW�WZR�UHDGLQJV�LQ�DQ\�VHW�RI�WHVWV�EH�LJQRUHG���7KDW�LV��RQH�VKRXOG�QRW�UHFRUG�WKH�¿UVW�WZR�WHVW�IRRW�GURSV���7KLV�VWXG\�VXJJHVWV�WKDW�DW�
least one of those two test-leg drops should be a slip. 

Further Research�� � 7KLV� VWXG\� LQWHQGV� WR� H[WHQG� WKLV� H[SHULPHQW� WR� WKH� RWKHU� WZR�$670� 5HIHUHQFH� 6XUIDFHV� �*UDQLWH� DQG�
3RUFHODQRVD�)HUURNHU��$�DQG�%�UHVSHFWLYHO\����0RUH�LPSRUWDQW��SHUKDSV��LV�WR�H[WHQG�WKLV�ZRUN�WR�WHVWLQJ�XVLQJ�D�1HROLWH��7HVW�/LQHU�7HVW�
Foot, a commonly used surrogate for a shoe heel.  There are anecdotal reports of the same anomalous behavior in NTL tests, and thus 

bears investigation. 
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