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Resumo

Este estudo utilizou ferramentas estatisticas para avaliar laudos forenses sobre substancias ilegais. Avaliamos varidveis quanto as
caracteristicas da analise e abordamos a metodologia empregada pelos peritos. Perguntas baseadas no que é necessario para esclarecer
a lei foram formuladas. Analisamos 1008 documentos oficiais de diferentes jurisdi¢Ges, divididos em 504 conjuntos compostos por um
laudo preliminar e um laudo definitivo para cada caso. Os laudos foram examinados por uma equagdo empirica formulada para fornecer
um pardmetro denominado “Report Relevance” (Relevancia do Laudo), que teve por finalidade classificar cada documento de acordo
com uma pontuagdo relacionada a quantidade de informag&o contida. A validagdo do método foi realizada por anélise multivariada de
dados: Andlise de Componentes Principais (Principal Component Analysis, PCA), Analise de Agrupamentos Hierdrquicos
(Hierarchical Cluster Analysis, HCA), Soft Independent Modeling of Class Analogy (SIMCA) e Minimos Quadrados Parciais (Partial
Least Squares, PLS). A andlise quantitativa mostrou que os documentos foram bem produzidos, com boa qualidade, uma vez que a
Relevancia do Laudo apresentou valores em torno de 0,74 + 0,08 para aqueles provenientes da Policia Estadual. Em comparagdo, 0s
documentos provenientes da Policia Federal obtiveram valores em torno de 0,87 + 0,05. Fatores que podem explicar essas diferencas
e as melhores pontuagdes para os laudos federais incluem maior investimento em tecnologia e treinamento de pessoal, e menor demanda
de méo-de-obra e rotina. Para ambas as forcas policiais, alguns aspectos poderiam ser melhorados, como imagens das evidéncias
coletadas ou procedimentos analiticos laboratoriais. Finalmente, a metodologia neste estudo pode ser adaptada para ser usada em outros
tipos de investigagdo forense.

Palavras-chave: Substancias llicitas, Procedimentos Periciais, Analise Multivariada

Abstract

This study used statistical tools to evaluate forensic reports on illegal substances. We evaluated variables regarding the characteristics
of the analysis and we addressed the methodology employed by the experts. Questions based on what is required to clarify the law
were formulated. We have parsed 1008 official documents from different jurisdictions, divided into 504 sets comprised of a preliminary
and a final report for each case. The reports were examined by an empirical equation formulated to provide a parameter called “Report
Relevance”, which intended to classify each report according to a score related to the amount of information it contained. The validation
of the method was performed by multivariate data analysis: Principal Component Analysis (PCA), Hierarchical Cluster Analysis
(HCA), Soft Independent Modeling of Class Analogy (SIMCA) and Partial Least Squares (PLS). Quantitative analysis showed that the
expert documents were well produced, with good quality, since the Report Relevance showed values around 0.74 + 0.08 for the reports
from the State Police. By comparison, reports from the Federal Police obtained scores around 0.87 + 0.05. Factors that might explain
these differences and the better scores for the Federal reports include increased investment in technology and training of staff, and a
lower labor demand and routine. For both police forces, some aspects could be improved, such as images of the collected evidence or
laboratory analytical procedures. Finally, the methodology in this study can be adapted to be used in other kinds of forensic
investigation.

Keywords: lllegal Substances, Expertise Procedures, Multivariate Analysis.
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1. INTRODUCTION

Material evidence has increasingly gained focus and
importance. When properly identified and analyzed, it is
the best instrument, which allows the correct application of
the law.

The forensic investigation process became more
reliable with the development of scientific methods of
analysis. The conclusion of an expert criminal
investigation is usually recorded in a report, which is a
document that must be prepared with technical rigor and
substantiated by irrefutable elements. Such reports should
be scientific and objective in order to be accepted in
court.[1]

The quality of official reports is a delicate and little
explored area. Internationally, attention has been given to
results obtained from psychology and forensic
psychiatry.[2-6] In such cases, it is important to assure
quality, since different and even conflicting results may be
obtained by different practitioners. Even techniques of
forensic analysis considered to be determinant or
practically free of flaws, such as DNA testing, may have
subjective interpretations and possibly even be
misleading.[7-9]

In Brazil, a few initiatives with this type of study have
been undertaken.[10-13] A wide variation in the
production of reports may be observed, and the desired
information is not always present or easily interpreted. It is
important to have a means of indicating the real quality of
expert reports.

According to Brazilian Legislation (Law No. 11.343 of
2006) two types of report should be issued in cases of the
seizure of illicit drugs[14]:

Preliminary report: a document produced for
provisional characterization of the nature and amount of
the substance. The analytical methods used in this step are
simple, usually colorimetric. They are highly sensitive, but
are not specific, and false-positive and false-negative
results can often be found. This document is used as
grounds for arrest in flagrant. If the scientific methodology
presents non-specific results, unlawful arrests may occur.

a) Final report: produced by more robust methods,
which are able to make an unequivocal identification of the
drug. It should either confirm or correct the preliminary
report.

The main objective of the present study was to evaluate
expert reports generated in the seizure of drugs. Statistical
methods were employed to interpret and quantify the
technical information contained in official documents. The
use of statistical tools in forensic science is of the utmost
importance in judicial processes. Forensic scientists can
assess and interpret the evidence, which often includes
elements of uncertainty. They increasingly rely on
statistical science in its various branches.[15-17]

2. MATERIAL AND METHODS

We analyzed 1008 reports, divided into 504 subgroups
each containing a preliminary and final document about a
particular case. Of these, 439 were from State jurisdictions
and 65 came from Federal jurisdictions.

The main difference between the jurisdictions is that, at
the State level, trafficking inside the territory of each state
is investigated, whereas, in the Federal jurisdiction, drug
traffic between different states of the federation is
investigated, as well as the borders of the country.

Table 1. Variables studied in the analysis of preliminary reports.

V01

Was the nature of the substance indicated in the report?

V02

Was there some photo attached of the material seized?

V03

Was there some information about the amount (mass) of the substance?

V04

Was the substance physically described?

V05

Were packaging and wrappers pertaining to the substance described?

V06

Was the scientific methodology used in the report accepted without dispute?

VO7

Was the toxicology report related to the crime scene?

V08

Was the report completed within the statutory period?

V09

Was the report produced by an official expert*?

V10

Did the report explain the sampling method utilized with the material?

*In Brazil, official experts are professionals who have special training given by the State to solve
criminal cases. We consider that these professionals are, lato sensu, more experienced in forensic

analysis than ad hoc experts.



R.L. Yoshida et al., Rev. Bras. Crimin. 8(1), 7-23, 2019

2.1. Qualitative Analysis

Several variables were selected; the formulation of
these questions met the requirements of what is needed to
clarify the law. These variables were formulated to
generate simple answers, "YES" or "NO." When the
answer was positive, such an event was considered
favorable to the quality of the report. Similarly, a negative

response was assessed as being unfavorable in the case
study, which indicated a weakness in the document. A
different set of conditions was designed for preliminary
and final reports. They are summarized in Table 1 and
Table 2.

The analysis was performed by a single person, after
training and standardization of the positive and negative
requirements to assess the quality of the reports.

Table 2. Variables studied in the analysis of final reports.

V01

Was the report concluded if the substance was illegal?

V02

Was there a photograph attached of the material seized?

V03

Was there some information about the amount (mass) of the substance?

V04

Was the substance physically described?

V05

Were packaging and wrappers pertaining to the substance described?

V06 | Was the final report qualitative?

V07

Did the report relate the purity of substance?

V08

Were the other constituents of the material evaluated cited?

V09

Were there images (Figures and Graphics) regarding to the results of the analysis?

V10
report?

Did the expert who took part in the preliminary analysis also participate in the final

V11

Did the report evaluate materials found at the crime scene? (scales, bottles, etc.)

V12

Did the final report confirm the preliminary regarding the nature of the substance?

V13

Was the report completed within the statutory period?

V14
difference between user and dealer?

Was the report able to provide enough information to assist the judge to decide on the

2.2. Quantitative Analysis

The answers obtained in the previous step produced a
binary matrix: a positive response represented by "1" and a
negative answer by "0". The parameters were developed to
provide an empirical equation for Report Relevance (RR).
This equation was intended to provide a quantitative
indication of the amount of the information taken into
account in each report.

_ I WoFc(DVq(i)
RR = lZI?ZIWv(i)Fc(i) @

Where:

W, =Variable Weight: the main purpose of this parameter
is to give relative importance for each variable, i.e., it was
thought to correct distortions regarding the importance of
each variable. A number was assessed to represent the
relative weight of each variable. When the variable was
considered to be relevant, its value was set as 1. For
necessary considerations, the weight was considered as 2;
for fundamental questions, the variable was assigned as 3.
Table 3 and Table 4 summarize the adopted values and list

explanations of these values in the case of each variable for
preliminary and final reports, respectively.

Context factor (Fc): this parameter is intended to ponder
the variables considering the context of the criminal action.
It is specific to each report and provides a more sensitive
analysis, because the situation can affect the relevance of
the variables. Fc values were 0 for “irrelevant”, which
means that the answer does not apply to the studied case.
For example, we can consider a report whose goal was to
determine the chemical profile of various drugs, from
different police cases. In such a situation, as the date of
each seizure is different, the question about the report being
completed within the statutory period (\VV08, Table 1 and
V13, Table 2) becomes “irrelevant”. The score was set as
1 for relevant; 2 for necessary and 3 when it was considered
fundamental.

Vq is the variable of the question (sum of answers to the
formulated variables).

Equation 1 will always provide RR values between the
ranges of 0 to 1. If all variables returned "NO" responses,
Vq values would result in 0, which would make RR = 0.
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Table 3. Variable weight values and reasons for relevance for preliminary reports.

Variable Weight Reason for revelevance

V01 Fundamental (3) The motive for the arrest of the accused.

V02 Necessary (2) Aids in identifying the substance.

V03 Fundamental (3) The law requires an indication of the amount of the seized substance.

V04 Relevant (1) Despite being important, the absence of this information does not prejudice
the rest of the report.

V05 Relevant (1) Can influence the characterization of the offense.

V06 Necessary (2) Despite the importance of specificity in the preliminary test, sensitivity is
most valued; the nature of the substance will be confirmed by the final
report, with appropriate methodologies.

V07 Relevant (1) The absence of this information does not affect the progress of the case.

V08 Necessary (2) Depending on the situation, the late delivery of the report may cause the
nullity of the criminal proceedings.

V09 Necessary (2) *In Brazil, official experts are professionals who have special training
giving by the State to solve criminal cases. We consider that these
professionals are, lato sensu, more experienced in forensic analysis than ad
hoc experts.

V10 Relevant (1) In practice, the most common seizures are small amounts.

Table 4. Weight values and reasons for relevance for final reports.

Variable | Weight Reason for revelevance

V01 Fundamental (3) | This information provides the basis for determining the existence of the
offense.

V02 Necessary (2) Assists in the interpretation of the report.

V03 Relevant (1) This is a procedure that does not directly influence the judge's decision.

V04 Relevant (1) Despite its relative importance this has been classified as only relevant as it
does not prejudice the rest of the report.

V05 Fundamental (3) | Inthe final report, the methodology must be robust in order to provide legal
certainty.

V06 Fundamental (3) | Even though nature of the substance is addressed in the preliminary report,
it is of crucial importance to be confirmed in the final exam.

V07 Relevant (1) In practice, this question is rarely raised.

V08 Relevant (1) This does not change the decision based on the exam.

V09 Necessary (2) Gives greater strength to the test results.

V10 Relevant (1) There is no need for the same expert to conduct both tests.

V11 Relevant (1) In some cases, this may be important.

V12 Necessary (2) In case of discrepancy, there may have been a methodological error in the
preliminary report.

V13 Necessary (2) This can invalidate the criminal process.

V14 Fundamental (3) | Can assist the judge in determining the sentence.

Similarly, if all variable responses were "YES", the Vq values would be equal to 1.

The relevance of the report can be interpreted as a
probability related to the amount of information
involved in the document. If a report presents a RR =
1, we can say that it probably contains 100% of the
minimum information necessary for a good
interpretation of the criminal activity. On the other

hand, if RR = 0, it can be inferred that this report does
not lend itself as evidence in a court of law.
Intermediate values, in turn, can be interpreted in
accordance with the amount of information associated
with a particular context.

10
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2.3. Data Processing

The binary matrices were built in Microsoft Office
Excel®. With the use of programming cells, Equation

1 was inserted in each cell of the matrix, and the
relevance of the preliminary and final reports was
obtained (Figure 1).

Preliminary report l'inal report I'reliminary
Wariables Wy o Fo Answers Warables W Fc Answers Total scorg RE
Wil 3 il 3
V2 2 2 2
Vil 3 Vi3 1 inal
Vil 1 W4 1 Total scord RIL
VS 1 V05 3
Vil 2 Vil 3
Vil 1 Vi 1
Vig 2 VIR 1
Wi 2 WY 2
V10 1 V10 1
V1l 1
V12 2
W13 3
Y14 3
Figure 1. Example of cells used to calculate RR for each pair of reports.
Pair of preliminary and Formulation of
final reports ramdomly | | variables according to Unsupervised
Federal jurisdictions — PCA and HCA
Class attribution:
Class 1: RR>0.50
Evaluation of the variables Class 2: RR< 0.50
Qualitative —1 (Tables 1 and 2) through -
Analysis YES or NO answers Super\{lsed
I > Learning:
z : v Validation of SINGH
Binary matrix: answers YES methodology
and NO replaced with 1 and —
G, rospectively. RR Calculation
(Equation 1, Figure 1) PLS: evaluation of the
L¢ variables fitting to RR
values

| Quantitative Analysis |

Figure 2. Scheme for reports evaluation.

To verify the acceptability of the proposed analytical
methodology, it was necessary to validate it. The official
documents were assigned into two distinct classes:

- Class 1 - reports with RR greater than 0.50 (RR> 0.50),
which means that the document in question contained more
than 50% of the necessary information.

- Class 2 - reports with RR less than or equal to 0.50 (RR
< 0.50), which means that the document in question
contained less than half of the necessary information.

Multivariate Analysis was used to validate the current
methodology, using the Pirouette® package. [18-21]
Pattern recognition techniques were used to verify how the
samples were clustered. Unsupervised learning methods

PCA and HCA were used to verify natural similarities,
while the supervised learning method, SIMCA, was used
to evaluate the efficacy of the previous classification.

The PLS technique was used to measure the tuning of
the variables chosen through empirical equation. The idea
is to understand how the variables fit to RR values. Figure
2 presents a scheme used in the process.

11
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3. RESULTS
3.1. Qualitative Analysis

3.1.1. Preliminary reports

Table 5 presents results for preliminary reports. Red
values indicate variables with results corresponding to
reports with negative responses. V01, V03, V04, V05 and
V09 had positive responses for almost all the reports. V08
showed "YES" in most of the cases. V02 and V10 had low

frequency of positive answers. V07 returned a negative
response in almost all cases.

Only V06 returned 100% of negative responses,
revealing that the tests used in the provisional analysis of
narcotics are fragile, which may generate discrepancies.
With respect to information with a higher degree of
importance, such as the nature of the substance (VV01) and
quantity (V03), percentages were generally positive.

3.1.2. Final reports

Table 5. Responses for preliminary reports.

Variables State Reports Federal Reports Total
YES NO YES NO YES NO
V01 97,96% | 2,04% 96,97% 3,03% | 97,83% | 2,17%
V02 17,54% | 82,46% 78,46% 21,54% | 25,40% | 74,60%
V03 91,12% | 8,88% 95,38% 4,62% | 91,67% | 8,33%
V04 96,36% | 3,64% 98,46% 1,54% | 96,63% | 3,37%
V05 93,62% | 6,38% 95,38% 4,62% | 93,85% | 6,15%
V06 0,00% | 100,00% 0,00% 100,00% | 0,00% | 100,00%
V07 0,46% | 99,54% 20,00% 80,00% | 2,98% | 97,02%
V08 66,97% | 33,03% 92,31% 7,69% | 70,24% | 29,76%
V09 97,72% | 2,28% 100,00% 0,00% | 98,02% 1,98%
V10 37,81% | 62,19% 95,38% 4,62% | 44,84% | 55,16%

Table 6 shows the results for the final reports. Most
variables returned positive responses. There were inferior
results for variables V07, V08, V09, V10 and V11. For the
most relevant variables, V01, V05, V06 and V14 (Table 4)
good rates of positivity were obtained and V06 had 100%
of "YES" answers. The best results were for the reports
from Federal Police. In general, the reports had a good
level of standardization.

3.2. Quantitative analysis
3.2.1. Report Relevance

Table 7 presents results for RR, Average, Standard
Deviations (SD), Maximum and Minimum values found
for both preliminary and final reports from the different
jurisdictions.

For State Jurisdictions, preliminary and final reports

returned, respectively, an average value of 0.70 £ 0.10
and 0.75 £ 0.10 respectively. This is a good representative
importance. Although the standard deviation range is
around 9%, we observed that maximum and minimum
values varied considerably, which indicates great
discrepancies in the documents. For final reports, these
differences were less critical.

For Federal Jurisdictions, RR wvalues for both
preliminary and final reports were significantly higher —

average values 0.83 and 0.89, respectively; the standard
deviations (SD) were also lower — around 7%, as well as
the difference in minimum and maximum values.

These results are as expected, since the Federal Police
is the point of reference for State Police forces; it receives
greater investment in technology and training, and has a
lower workload. These factors enable Federal Police
experts to perform their task more adequately.

About the overall results, we can say that the scores
were good because the average values were higher than 0.7
for both preliminary and final documents. However, the
standard deviations (SD) were around 10%, higher than
those found for each jurisdiction. State reports were
responsible for the low scores found for minimum values
for both preliminary and final documents.

The frequencies for RR values relating to preliminary
reports showed that for State jurisdictions, more than 88%
have scores over 0.63. For Federal documents, almost 90%
have high scores (over 0.74). The total amount of the
documents showed a good score, since around 80% of them
have RR values over 0.64.

For final reports, values were better, since around 68%
of State documents have values over 0.77; for Federal ones,
the results are even better, since around 86% of them have
scores over 0.85. Evaluating the total RR values, we find
that almost 70% of them have values over 0.79.

12
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Table 6. Responses for final reports.

Variables State Reports Federal Reports Total
YES NO YES NO YES NO
V01 97,28% | 2,72% | 98,48% | 152% | 97,44% | 2,56%
V02 53,99% | 46,01% | 73,85% | 26,15% | 56,55% | 43,45%
V03 95,67% | 4,33% | 100,00% | 0,00% | 96,23% | 3,77%
V04 100,00% | 0,00% | 100,00% | 0,00% | 100,00% | 0,00%
V05 78,13% | 21,87% | 90,77% | 9,23% | 79,76% | 20,24%
V06 100,00% | 0,00% | 100,00% | 0,00% | 100,00% | 0,00%
Vo7 0,00% | 100,00% | 0,00% | 100,00% | 0,00% | 100,00%
V08 0,46% | 99,54% | 35,38% | 64,62% | 4,96% | 95,04%
V09 0,23% | 99,77% | 86,15% | 13,85% | 11,31% | 88,69%
V10 16,86% | 83,14% | 10,77% | 89,23% | 16,07% | 83,93%
V11 1,37% 98,63% | 10,77% | 89,23% 2,58% 97,42%
V12 97,51% | 2,49% | 95,45% | 4,55% | 96,48% | 3,52%
V13 55,58% | 44,42% | 87,69% | 12,31% | 59,72% | 40,28%
V14 91,57% | 8,43% | 100,00% | 0,00% | 92,66% | 7,34%

Table 7. Reports Relevance according to Equation 1.
RR values Preliminary’s RR Final’s RR

Media 0.70 0.75

SD 0.10 0.10

State Reports Maximum 0.87 0.86

Minimum 0.26 0.41

Media 0.83 0.89

SD 0.07 0.08

Federal Reports Maximum 0.90 0.95

Minimum 0.63 0.71

Media 0.72 0.77

SD 0.11 0.11

Total Maximum 0.90 0.95

Minimum 0.26 0.42

3.2.2. Validation of Methodology

In this section, the main goal is to apply multivariate
analysis to validate Equation 1 according to the values
chosen for its parameters Wy and Fc (Tables 3 and 4) and
the variables of the questions formulated to evaluate the
reports. In these cases, all samples were analyzed together
for preliminary and final documents, with no separation
between State and Federal Reports.

Most reports were classified as Class 1. For preliminary
According to unsupervised learning techniques, we
observed that VO3 and V08 were the variables that

influenced Class 2 reports. In fact, these samples presented
exclusively negative answers for these variables. On the
other hand, V02, V07 and V10 are separate from the other
variables. Table 5 shows that these variables returned
predominantly negative answers. Table 8 shows the
samples for descendants from the lower group in Figure
4(a). All of them have scores no higher than 6.5 and the
respective results for variables. A combination of negative
results is observed for at least three of variables V02, V03,
V07, V08 and V10 for most of samples. Reports 144, 160,
161 and 441 have higher scores and only two negative
answers, which is why they are located at the top of this
group.

13
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documents, 24 samples (4.8%) were assigned as Class
2. For final reports, this number was lower, since only 11
reports (2.2%) had Class 2 scores.

Unsupervised learning techniques PCA and HCA were
used to evaluate clustering; SIMCA was used to evaluate
clustering from the supervised point of view. Finally, PLS
was performed on data to fit the variables to RR values.
PLS modeling was not performed to obtain a preview
modeling, since each report had to be evaluated; it was
used as a tool to verify the influence of variables on the
composition of RR, considered to be variable- dependent.

3.2.2.1. Preliminary reports
V06 was removed from original Matrix, once 100% of
the answers were NO and consequently this variable did

not contribute to determining RR values.

Unsupervised Learning: PCA and HCA results
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Figure 3. Pairs of Scores (a) and Loadings (b) for preliminary reports
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Figure 4. Dendrograms for samples (a) and variables (b) for preliminary reports.

PCA was performed over the original matrix. Figure 3
shows the pair scores v. loadings: samples for Class 1 are
black and for Class 2 are red. Two Factors or PCs were able
to account for around 92.5% of the overall information. We
observe that there was no clear separation between the
samples. In this figure we observe that there are
overlapping points. It means that there are reports with
similar answers for most of the evaluated variables. The
individual values for each report are in the supplementary
material.

The HCA was performed on the data using Euclidian
distance and incremental linkage method. Figure 4 shows
the dendrograms for the preliminary documents.

SIMCA Results

Three PCs were found in the analysis. The
interclass distances were 1.94; these values are higher than
the used cutoff, i.e., 0.5. Table 9 shows the interclass
residuals, which presented greater values for the other
Class than those found for the Class itself.
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Table 8. Data for descendants of the lower group in HCA for preliminary reports.

V02 | V03 | V07 | V08 | V10 |RR

35

0.5000

37

0.5000

38

0.5000

127

0.3947

129

0.3947

130

0.4211

131

0.5263

132

0.4211

133

0.4211

134

0.4211

135

0.4211

136

0.4211

137

0.4211

138

0.4211

139

0.4211

140

0.4211

141

0.5263

142

0.4211

144

0.6316

145

0.4211

148

0.4211

149

0.5263

153

0.5263

155

0.5263

160

0.6316

161

0.6316

163

0.5263

164

0.5263

165

0.5263

275

0.6053
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Figure 5 shows the separations of Classes. For preliminary
reports, three of them (131, 149 and 155) initially assigned
as Class 1 were classified as Class 2, despite having a RR
value higher than 0.50. This value represents around 0.61%
of the total samples. They presented negative answers for
both V02 and V03. For samples initially assigned as Class
1, 24 were unclassified (39, 188, 193, 195-197, 199-201,
203, 206, 208, 221, 223, 231, 233, 236, 237, 240, 394, 486,
488, 489, 499). According to the literature, a model which
classifies 95% of samples correctly is highly
trustworthy.[21]

Table 9. Interclass residuals for preliminary reports.

Class 1 Class 2
Class 1 0.19 0.44
Class 2 0.34 0.10

Table 12 shows the values for Discriminating and
Modeling powers. The Discrimination Power is a measure
used to determine the influence of each of the variables in
the separation of classes. The higher the value, the greater
the ability of a variable to discriminate between samples in
different classes. The modeling power, in turn, is related to
the importance of each variable in describing the
information from the training set for each class.[21,22]
Variables V02 and V03 have a higher discriminating
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power, while V02, V08 and V10 show the higher modeling
power.

PLS Results

To verify the fitting of the variables to RR values, a
PLS regression was performed. Three PCs were found,
accumulating 93.6% of the information. The following
parameters were evaluated:
a) Correlation coefficient for cross validation Q? =
0.98021

b) Correlation coefficient for calibration R?= 0.98211

c) Values for Root Mean Square error for cross
validation (RMSEV) 0.016841

d) and Root Mean Square error for calibration
(RMSEC) 0.016233

The results obey the conditions for a strength modeling:
Q%<R? and RMSEV< RMSEC.[23,24] Cross validation
was performed removing from one to 51 samples (Leave
One Out (LOO) until Leave 51 Out (LNO, N=51)). The
idea was to observe the behavior of the modeling by
removing more than 10% of the samples. We observed the
same results for all attempts, which assured us of the
robustness of the modeling. Figure 6 shows the PLS
calibration curve. Numerical values can be conferred in
Table 3.

Table 11 shows the regression vector: the most
important variables for describing RR values were V01 and
V03, related to the nature and amount of substance,
respectively. These questions are essential in describing
the criminal offense.

Table 11. Coefficients for each Variable contributing to RR in
preliminary reports.

Coefficient
V01 0.144048
V02 0.124429
V03 0.226456
V04 0.064681
V05 0.041594
Vo7 0.017320
V08 0.117869
V09 0.139833
V10 0.030984

3.2.2.2. Final reports

In this case, V07 was removed from the original Matrix
(Table 2). Table 6 shows that 100% of the answers were
negative, which indicates that V07 made no contribution to
RR values.

Unsupervised Learning: PCA and HCA results

Three PCs (Factors) accounted for approximately 95%
of the information as a whole. Figure 7 shows the bi-
dimensional distribution for scores and loadings. In this
case, we also have overlapping points meaning that many
reports have similar answers for the variables. The
individual values for each report are in the supplementary
material.
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Figure 5. SIMCA Modeling with 3PCs.
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Figure 6. PLS Calibration Plot for preliminary reports.
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Figure 8 presents the HCA results for samples (a) and
variables (b).

Both PCA and HCA showed some overlap for samples
from Class 1 and Class 2. The HCA lower group in Figure
8(a) has 148 descendants including the samples with RR <
0.50. This overlap is largely due to the fact that these

samples have similar results for the lower group (\VO08-
V11). There are at least three negative answerers for these
variables. In addition, they also have at least one negative
value for variables V02, V05 and VV13. The same behavior
can be observed for PCA Loadings (Figure 7b).
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Figure 7. Pair of Scores (a) and Loadings (b) for final reports.
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Figure 8. Dendograms for samples (a) and variables (b) for final reports.

SIMCA Results

Three PCs were chosen for modeling and the interclass
distance was around 1.99, higher than the 0.5 cutoff. Table
12 shows the interclass residuals, which have greater
values for the other class than for the class itself. Class
separations are shown in Figure 9. No sample was
misclassified and 14 of them, firstly assigned to Class 1,

were not identified in any previous classification (448, 449,
452, 465, 470, 476, 485, 488, 489, 492, 496, 498, 500,
503). This accounts for 2.87% of the samples, confirming
the good modeling for SIMCA, since more than 95% of the
reports were correctly classified.[21] Values for
Discriminating and Modeling powers are shown in Table
13.

Table 12. Interclass residuals for final reports.

Class 1 | Classe 2
Classe 1 0,19 0,49
Classe 2 0,35 0,09
O r
499883
0.6 “aua “ 498 Aagfios
°smm ‘nun 480 808 “317 Y75
o o) {3
® BAN Spy © 50B9EEER7
o 049 38 354
) Lo 8 o) {3
| #09° 355 260
0.2+
O
3522;99
<438 8705885
D.ID D.l‘l D.IE D.I3 D.4I
CS1@3

Figure 9. SIMCA Modeling with 3PCs for final reports.
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Table 13. Variable Discrimination and Modeling Powers for final reports. Three PCs were selected for the model, accounting for
Discriminating Total Modeling around 94% of the information as a whole. The parameters
Power Power were found to obey the conditions for a strength modeling:
Vo1 2284011 1.000000 Q?<R? and RMSEV>RMSEC:[23,24]
Vo2 13.483626 0.660987 a) Correlation coefficient for cross validation Q? =
V03 2.670452 0.584790 0.97759:
Vo4 2.284000 1.000000 b) Correlation coefficient for calibration R?= 0.97872;
V05 13.928339 0.499850 c) Root Mean Square error for Validation (RMSEV):
V06 2.283999 1.000000 0.015571;
Vo8 1.222491 0.252063 d) Root Mean Square error for Calibration (RMSEC):
V09 1.555229 0.311006 0.015228.
V10 0.065266 0.749601 Cross validation was performed removing from one to
V11 1.036783 0.200475 51 samples (Leave One Out (LOO) until Leave 51 Out
V12 2.283999 1.000000 (LNO, N=51)). The same results were observed in all
V13 3.423817 0.700157 cases. The PLS calibration curve is shown in Figure 10,
V14 23.470266 0.293845 and correspondent numerical values are given in Table 4.
PLS Results
0.8+
©
O
gl
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T T T [ T I
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Figure 10. PLS Calibration Plot for final reports.
V04 0.093262
Table 14 shows the regression vector: the most V05 0.134368
important variables for describing RR values were V01 and V06 0.093262
V03, related to the nature and amount of substance, V08 0.026795
respectively. These questions are essential for describing V09 0.067995
the criminal offense. V10 0.007091
N _ - V11 0.007974
Iable 14. Coefficients for each Variable contributing to RR values for V12 0.093262
inal reports.
Variables Coefficients Vi3 0.084179
Vo1 0.093262 Vvi4 0.124290
V02 0.073046
V03 0.078877
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V05 and V14 were the most important variables
contributing to RR values. V05 is related to the evaluation
of packing and wrappers, confirming the importance of this
procedure. V14 is related to the ability of the report to
provide the necessary information to assist the judge in
deciding if the accused is a user or a dealer. This is
extremely important, since the correct application of the
penalties is a question of human rights.

4. DISCUSSION

Our qualitative analysis showed that, in general,
forensic reports on illicit drugs seized by the police are
reliable, since most of their variables return with YES
answers for both preliminary and final reports.

Quantitative analysis confirmed this finding. The RR
values were on average 0.74 + 0.08 for the state reports.
Federal reports obtained average RR values of 0.87 £ 0.05.

Validation of the methodology showed that
unsupervised learning was able to separate similar reports
according to variable results, but did not provide a good
separation of the classes. On the other hand, SIMCA
classification was successful in discriminating between the
classes according to the previous training set. Finally, for
both preliminary and final reports, we found high values
for Q2 and R?, which confirms that the variables chosen
were well fitted to RR values. The cross validation results
from LOO to LNO, N=51 showed that the PLS modeling
is robust in both cases.

5. CONCLUSIONS

In the present study, we applied a methodology in order
to assess expert reports on illicit drugs seized by the police
qualitatively and quantitatively. The empirical equation
used was validated by multivariate data analysis, which
was effective for this purpose. The variables used in this
evaluation were questions based on what is necessary for
law enforcement. The quality of the reports was considered
good according to RR values. With strengths and
weaknesses, each group of reports studied had its own
model utilized by the expert responsible. This relative
uniformity of the reports, however, revealed some
weaknesses, which offer scope for improvement. Some
final reports utilized analytical methodologies in non-
compliance with international recommendations. This may
be one of the causes of non-agreement between the
preliminary and definitive determination of the drug, with
false-positive, false-negative or indeterminate results.
Another important observation was that most of the reports
had no accompanying images, an important element in
aiding judges to understand the reports. The insertion of
photographs is easy to perform and enhances the quality of
the expert work. Finally, our methodology has the potential

for use in the analysis of forensic reports on and other types
of case, which opens the prospect of further studies.
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