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Abstract: In forensic document examination, it is often necessary to determine whether a handwriting mark
has been forged or altered by identifying whether it was written with a pencil or a mechanical pencil. Pencil
and mechanical pencil leads are composed of graphite or activated carbon mixed with clay or resin, depending
on the type of pencil. Particularly, the difference in the clay can be a good criteria for distinguishing between
pencil leads and mechanical pencil leads. In this study, the surface of handwriting marks written with 14 types
of pencils and 15 types of mechanical pencil leads was analysed using SEM-EDS. Clay is composed of minerals
such as talc, pyrophyllite, kaolinite, smectite and illite, etc., with the primary elements being silicon (Si),
aluminium (Al), magnesium (Mg), and oxygen (O). In pencil handwriting mark, the presence of clay resulted
in an increasing trend of Mg < Al < Si elemental content, while in mechanical pencil handwriting mark, the
weight % of Mg, Al, and Si were significantly lower, with Al being particularly minimal or absent. Additionally,
carbon (C) from the pulp and calcium (Ca) from calcium carbonate filler were considered as background
components due to the influence of the paper. Linear discriminant analysis (LDA) and support vector
machine (SVM) were applied to the ratios of Al/Mg, Al/Si, Si/Ca, and Ca/C to classify the handwriting mark.
This study provides a crucial method for distinguishing between pencil and mechanical pencil in handwriting
mark, contributing to the verification of handwriting addition, forgery or alteration in the forensic document
written by pencil-type instrument.
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Table 1. Commercial pencils and mechanical pencil leads used for handwriting mark

Abb. Pencil Brand and Product Name
Manufacturer

Abb. Mechanical Pencil Brand and Product Name
Lead Manufacturer

P1 Munhwa

P2 Munhwa

P3 Munhwa

P4 Munhwa

P5 DONG-A

P6 DONG-A

P7 EDELWEISS
P8 EDELWEISS

DEOJON hi-mic (HB)
DEOJON OMR (2B)
DEOJON hi-mic (4B)
DEOJON hi-mic (2B)
Fable (4B)

Fable (2B)
CARANDACHE (2B)
CARANDACHE (HB)

P9 Tombow Hi-precision DRAFTING (2B)
P10 PRISMACOLOR VERITHIN 747 Bk
PIl  MITSHUBISHI Hi-uni (4B)

P12 STAEDTLER
P13 STAEDTLER
P14 None

Yellow pencil 134 (B)
Noris ergosoft Nr.153 (2B)
None

S1 DONG-A
S2 DONG-A
S3 DONG-A
S4 DONG-A
S5 Pentel
S6 Pentel
S7 STAEDTLER
S8 STAEDTLER
S9 STAEDTLER
S10 STAEDTLER
S11 MITSHUBISHI
S12 DONG-A
S13 Tombow
S14 Tombow
S15 Xeno

XQ CERAMICS 301 (H)
XQ CERAMICS 301 (B)
XQ GOLD 1000 (HB)

XQ GOLD 502 (HB)

Ain STEIN (HB)

Ain STEIN (B)

Mars micro carbon (2H)
Mars micro carbon (H)

Mars micro carbon (HB)
Mars micro carbon (B)

Uni (HB)

Newen XQ SUPREME (HB)
MONO graph Tombow (B)
MONO graph Tombow (HB)
polymer Lea (HB)
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Fig. 1. SEM image and EDS spectra: (a) paper, (b) pencil
lead (Munhwa DEOJON hi-mic HB), (c) pencil mark
on paper, (d) mechanical pencil lead (DONG-A XQ
GOLD 1000 HB), (e) mechanical pencil mark on

paper.
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v

SEM-EDS spectra: (a) the handwriting mark of pencil P1~P14 (blue),

S1~S15 (red).
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(b) the handwriting mark of mechanical pencil
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Fig. 3. 3D plot of pencil handwriting mark (blue) and
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Fig. 4. 3D plot of canonical variables in LDA. Pencil
handwriting mark (blue) and mechanical pencil mark
(yellow).
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Table 2. Eigenvalues and variance of discriminant functions
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Fig. 4. 3D plot of canonical variables in LDA. Pencil
handwriting mark (blue) and mechanical pencil mark

(yellow).

Table 3. Diagnostics of C and gamma in SVM

Cross-validation
error rate (%)
Linear 30.8 N.A. 0
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