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1. INTRODUCTION

EVIDENCE EVALUATION FOR
HIERARCHICAL, LONGITUDINAL BINARY DATA

USING A DISTANCE MEASURE

Colin G.G. Aitken, Caiyi Huang
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Figure 1: Histogram of within-group distances.



218 Aitken C.G.G., Huang C.

� ���������� 	
��� ��	 ��� �

��
���� �� ��� �
������ �� ��� ��	�
���� �
	��

�
��� �� ��� ����
���� �� ����	����� ��� �
������ E �� ��� ���� �� ��
�

��	������ (x,y) �� ��	�
���� �
	�� �	�� B140� ����� ��� ���� 
	� ����

����
	���� 
� d(x,y)� ��� �	���������� 
	� Hp� ��� ��� ���� �� ��
��	��

����� �
�� �	�� ��� �
�� ���	�� ���	���	�
�	 �� ���� ��������� 
�� Hd� ���

��� ���� �� ��
��	������ �
�� �	�� ����	��� ���	���� ��� ���������� 	
���

�� ����
f(d(x,y) | Hp)

f(d(x,y) | Hd)
, ���

���	� f �� ��� ����	
��	 �� 
 �	��
������ ������� �������� �������� �������

 	��� ����
���� 
�� f �� ��� �������
��	 �� 
 �	��
������ ������� ��������

�������� �������� 	��� ����
����� ����� ��� �	����� �� ��� �

��
����

�� �
������ ��	 ����	��� �
�
 �
� ���� �	
����	��� ���� ��� ��	 ����������

�
�
� �	�
��� ��� !"! �������� ����
���� 0, . . . , 140� 
� 
 ���������� 

	�
����

����� ��� �	��
������ ������� ��������� 
	� �����
��� ���� ��� ��	���

������ �� ������� �����
����� ���� ������ �� 
 ����	���������	�� ������

��	 ��� �����
���� �� 
 �	��
������ ������� ��������� #�� #��
�	�
� �!$%&�

��	 
  ���	
� ����	������ �� ��� ��	��� ������� �����
���� �	�����	� 
��

������ 
�� �
	��� �'(("� ��	 ��
����� �� ��� 
�����
���� �� ��� �

��
����

�� �
������ ��	 ���������� �
�
� ��� ��	��� ������� �����
��� 
	� ��
������

3. ESTIMATION OF THE LIKELIHOOD RATIO BASED ON DISTANCES

Figure 2: Histogram of beetween-group distances.
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Figure 3: Histogram and kernel density estimate of distribution of within-group distances.

3.2 ESTIMATION DENSITY OF BETWEEN-GROUP DISTANCES
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Figure 4: Histogram and kernel density estimate of distribution of between-group
distances.

3.3 LIKELIHOOD RATIO AND RESULTS
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Table 1: Likelihood ratios, expressed as logarithms to base 10, within certain intervals for
279 within-source comparisons and 2496 between-source comparisons.

4. CONCLUSIONS

ACKNOWLEDGEMENT

The authors are grateful to Professor N.D.K.Petraco for provision of the data on
striation marks from screwdrivers.



Evidence evaluation for hierarchical, longitudinal binary data using … 223

REFERENCES

Aitken, C.G.G. and Lucy, D. (2004). Evaluation of trace evidence in the form of multivariate data.
In Applied Statistics. 53: 109-122; with corrigendum 665-666.

Aitken, C.G.G. and Taroni,F. (2004). Statistics and the Evaluation of Evidence for Forensic
Scientists (2nd edition), John Viley & Sons Ltd., Chich- ester.

Aitken, C.G.G. and Gold, E. (2013). Evidence evaluation for discrete data. In Forensic  Science
International.  230:  147 - 155.

Petraco, N.D.K., Shenkin, P., Speir, J., Diaczuk, P., Pizzola, P.A., Gambino, C. and Petraco, l’\.
(2012). Addressing the National Academy of Sciences’ challenge: a method for statistical 
pattern comparison of striated tool marks.  In Journal of Forensic Sciences.  57:  900 - 911.

Silverman, B.W. (1986). Density Estimation, Chapman & Hall, London.




