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One particular challenge encountered by the forensic document examiner is that of obliterations 
through use of correction utensils and opaquing solutions (eg. Wite-Out®).  Underlying writing can 
be difficult to distinguish due to this type of obliteration.  In the past, various methods have been 
implemented to deal with these types of evidence, such as physically removing the solution.  However, 
this method has the potential to destroy the original evidence in the process (1,2).  An alternate non-
destructive method for the visualization of the underlying writing is preferred. ESDA® and the VSC® 
are both non-destructive techniques widely used in the analysis of questioned documents.  The ESDA® 
was proposed and examined as a novel method for visualizing this type of obliterated writing. This non-
destructive method was then compared to that of using the VSC® for this same type of examination.  
The evaluation was carried out through the use of a variety of writing instruments, inks and printing 
methods. A series of samples consisting of handwritten, typewritten, and non-impact printed material 
was prepared and sections of each were covered with a different correction tool.  Both the ESDA® and 
VSC® were used to view the underlying writing.  The ESDA® was able to distinguish the underlying 
writing from the front in three of the eight samples where the correction tape was used and from the 
back in three of the eight samples where correction fluid was used.  Surprisingly, for all other samples, 
the ESDA® did not succeed in revealing the obliterated writing.  In all cases, however, the VSC® was 
able to generate a legible image of the original writing.  In short, the VSC® was exceptionally effective 
at visualizing writing obliterated by opaquing solutions.  There might, however, be some situations 
where the ESDA® may be more advantageous.

Introduction

Writing on documents is sometimes covered by 
correction utensils (Wite-Out®, correction tape, 
etc.), which can obscure the writing underneath.  
The challenge for the Questioned Document Ex-
aminer is to decipher the original text; a process 
that has often proven difficult (1,2).  In this paper, 
two different instruments were utilized for ac-
complishing this challenge: the Electrostatic De-
tection Apparatus (ESDA®) and the Video Spec-
tral Comparator (VSC®).

The ESDA® is a technique used to detect and 
visualize latent impressions on paper.  These im-
pressions are created as a result of writing on a 
stack of papers.  The pressure applied by the writ-
er to the top sheet causes indentations on the un-
derlying sheets.  When the top layer is not avail-

able, the underlying sheets are used for analysis.  
The ESDA® reveals these indentations which 
might otherwise go undetected.  

To examine a document with the ESDA®, a 
thin, transparent polyester film is placed over the 
paper and the two are held together by vacuum 
suction.  An electrical current is applied over the 
surface of the film.  The areas of indentation have 
electrostatic properties different from areas with-
out indentations.  Black toner is applied over the 
surface of the film and is preferentially attracted 
to the charged areas of indentations.  The toner 
results in a gray background with black traces 
along the areas of indentation.  

The VSC® is comprised of a camera, filters, and 
light sources that produce different wavelengths 
and angles of light to assist in Questioned Docu-
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  II.  Four electronic printers and copiers used:
A. � Inkjet printer (EPSON® STYLUS 

PHOTO R1900)
B. � Typewriter (SWINTEC® 2600) 

(Note: the correction ribbon that is 
part of the typewriter was not used in 
this study.)

C. � Toner copy machine (KONICA MI-
NOLTA® bizhub501)

D.  Phaser printer (XEROX® Phaser 4500)

III. � Three types of correction utensils used:
A. � Correction fluid applied with a brush 

(BiC Wite-Out® Cover-It)
B. � Correction pen applied by squeezing 

the utensil and marking over the pa-
per (BiC Wite-Out® Shake n’ Squeeze)

C. � Correction tape applied by rolling a 
film over the paper (BiC Wite-Out® 
EZcorrect)

Every page of text created contained the three 
different methods of correction.

The corrections covered between a few words 
to a complete sentence.  Their placements were 
separated from one another to prevent any influ-
ence of one correction upon another (Figure 1).  

The Foster + Freeman Ltd ESDA2® and the 
VSC 6000® were used for these experiments.  
Prior to analyzing with the ESDA®, the writing 
samples were humidified for approximately three 
minutes.  With the VSC®, initial examinations 
were carried out using all of the various options 
(UV, IR, fluorescence, visible light and absorp-
tion).  Further examinations were carried out us-
ing excitation, visible light and contrast as these 
appeared to produce the best results.

All samples were first examined using the 
ESDA® followed by the VSC®.  The writing 
samples were analyzed with both the writing side 
up and the writing side down.  This resulted in 
two images per sample.  For the images generated 
from the back of the samples with the VSC®, the 
images were flipped using the Microsoft Paint 
program to display a readable image, rather than 
the reversed side of the writing.  The best visual-
ized image of the obliterated writing captured by 
the VSC® was selected, printed and represented 
the VSC®’s distinguishing capabilities for that 
particular sample and correction type.

Results were assessed by considering the un-
derlying text in the category as: visible, not vis-
ible or partially visible.  Since the original docu-
ment was available for examination, this method 
of reporting was chosen.

ment examinations.  The data relating to opti-
cal properties of a document acquired with the 
VSC® can be used to confirm the authenticity 
or forgery of a document.  The key to assessing 
a document using the VSC® is through the use 
of various optical properties of a document.  The 
various inks and features of a document will re-
act differently to the different illumination and 
viewing settings.  As a result, they will have sim-
ilar or dissimilar properties, such as reflectance 
and can be distinguished (3). 

To examine a document with the VSC®, all the 
settings are chosen and the preferred illumination 
and viewing conditions are selected.  Once the 
settings are established, the analyst or the VSC® 
software systematically applies each condition 
and collects an image of the document.  Once the 
analysis is complete, the analyst assesses the col-
lected images and selects one or more that dem-
onstrate the results of the examination.  

The purpose of this study is to determine if the 
ESDA® can be used for analysis of documents 
obliterated by correction utensils and if so, how 
well it compares to the VSC®.  Using the ESDA® 
has several incentives: it is commonly the first 
step in many questioned document examina-
tions.  The VSC® is an expensive piece of equip-
ment to which all forensic laboratories may not 
have access.  As a result, it would be beneficial 
to use the ESDA® for a multitude of analyses.  
Additionally, it increases efficiency to analyze 
evidence for indentations as well as obliterations 
simultaneously.  This reduces time spent on a 
single piece of evidence and reduces the cost of 
carrying out additional, unnecessary analyses.

Materials & Methods

Nine writing samples were prepared.  The sam-
ples were full pages of printed material created 
on standard computer paper.  The text produced 
on each page was the same to keep the samples 
uniform.  Each sample was created using a differ-
ent method of printing.

    I.  Five writing instruments used:
A.  Two gel-ink pens

1.  Uni-ball® signa RT GEL 0.38pt
2.  BiC® Velocity® Gel 0.7pt

B. � Two BiC® Ultra Round Stic Grip ball 
point pens
1.  one black ink
2.  one blue ink

C.  One No. 2 pencil
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Results

Correction Fluid

ESDA®:

For every sample, there was no successful visu-
alization of any of the writing obliterated by the 
correction fluid.  Instead, most of the samples de-
veloped dark gray or black sections over the areas 
with correction fluid (Figure 2).  However, when 
the samples were analyzed from the back, writ-
ing with the Velocity® gel-ink pen, pencil, and 
ball point pen could be seen (Figure 3).

VSC®:

Most of the writing samples were successfully vi-
sualized through the front of the document, but 
to various degrees of clarity.  For example, the 
BiC® Velocity® gel-ink pen writing was visible, 
but only partially (Figure 4).  The text from the 
Xerox® sample was clearly visible (Figure 5).  

When the back of the documents were ana-
lyzed, all samples were clearly visible except that 
from the black ball point pen (Figure 6).

Figure 1. Two examples of the writing samples used, showing the three different types of correction 
obliterations: black ball point pen (left) and Xerox® Phaser printer (right). In the first paragraph, the correction 
fluid was used, followed by the correction pen and lastly, the correction tape.

Figure 2. Ball point pen writing sample with 
correction fluid developed with the ESDA® from the 
front.

Figure 3. Velocity® gel-ink pen writing sample with 
correction fluid, developed with the ESDA® from 
the back side.

Figure 4. Velocity® gel-ink pen writing sample with 
correction fluid, viewed with the VSC® from the 
front.  (Transmitted light, Longpass filter – 1000nm)
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Correction Pen

ESDA®:

No successful visualization was made for any 
sample regardless of which side was analyzed.  
Black or gray sections developed in place of writ-
ing obliterated by the correction pen when devel-
oped from the front (Figure 7) and nothing devel-
oped when analyzed from the back (Figure 8).

9) except for the two ball point pens.  The black 
ball point writing was visible, but only partially, 
and the blue ball point writing was clearly visible 
(Figure 10).  When the back of the samples were 
analyzed, all writing was successfully visualized 
to various degrees of clarity (Figure 11).Figure 5. Xerox® writing sample with correction 

fluid, viewed with the VSC® from the front.  
(Transmitted light, Longpass filter – 1000nm)

Figure 6. Black ball point pen writing sample with 
correction fluid, viewed with the VSC® from the 
back and inverted.  (Transmitted light, Longpass 
filter – VIS)

Figure 7. Velocity® gel-ink pen writing sample with 
correction pen developed with the ESDA® from the 
front.

Figure 8. EPSON® inkjet printer sample with 
correction pen developed with the ESDA® from the 
back.

VSC®:

None of the writing samples, when viewed from 
the front, were successfully visualized (Figure 

Figure 9. Toner copier writing sample with 
correction pen, viewed with the VSC® from the 
front.  (Transmitted light, Longpass filter – 1000nm)

Figure 10. Blue ball point pen writing sample with 
correction pen, viewed with the VSC® from the 
front.  (Spot light – 515nm-640nm, Longpass filter – 
695nm)

Figure 11. Velocity® gel-ink pen writing sample with 
correction pen, viewed with the VSC® from the back 
and inverted.  (Flood light, Longpass filter – 780nm)

Correction Tape

ESDA®:

On the pages of text generated by the handwrit-
ten instruments and the EPSON® inkjet printer, 
the results of unsuccessful visualization were 
similar to those of the correction pen when devel-
oped from the front of the documents.  However, 
on the pages generated by the typewriter, toner 
copy machine and the Xerox® Phaser printer, the 
obliterated writing was successfully visualized.  
For the samples created with the typewriter and 
the toner copy machine, the visible writing was 
dark on a gray background without much con-
trast (Figure 12).  However, for the sample created 
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Table 1 summarizes the findings of the VSC® 
with the different inks and correction types as 
well as notations of when the ESDA® was able 
to develop text for the various corrections.  Table 
2 displays a visual comparison of selected results 
for both the ESDA® and the VSC® illustrating 
the differences in quality between the two meth-
ods for various corrections.

Figure 12. Typewritten text with the correction tape 
developed with the ESDA® from the front.

Figure 13. Xerox® Phaser printer text with the correc-
tion tape developed with the ESDA® from the front.

Figure 14. Typewritten text with the correction tape 
developed with the ESDA® from the back.

with the Xerox® Phaser printer, the writing was 
black on a very light gray background with in-
creased contrast allowing for clearly legible text 
(Figure 13).  On the back of all writing samples, 
there was no visualization of any text or oblitera-
tion (Figure 14).

Figure 15. EPSON® printer writing sample with 
correction tape, viewed with the VSC® from the 
front.  (Transmitted light, Longpass filter – 1000nm)

VSC®:

For the correction tape, all of the samples, when 
viewed from the front and the back, were suc-
cessfully visualized (Figure 15).  However, when 
viewed from the back, there was more variation 
in the clarity of visualization.

Table 1. Summary of VSC® results for each writing sample, respective correction method, and which side of 
document examined.  (Text developed by ESDA® is indicated in bold and italics.)

Handwritten Uni-Ball®  
Gel-ink pen

BiC® Velocity® 
Gel-ink pen

BiC® Ball Point Pen
Pencil

Black ink Blue ink

Correction Fluid

Front Visible Partially visible Partially visible Not Visible Visible

Back

Visible, clearly Visible, clearly

ESDA® Developed Text

Partially visible

ESDA® Developed 
Text

Visible, clearly Visible

ESDA® Developed Text

Correction Pen
Front Not Visible Not Visible Partially visible Visible, clearly Not Visible

Back Visible, clearly Visible Visible, clearly Visible, clearly Partially visible

Correction Tape
Front Visible Visible Visible, clearly Visible, clearly Partially visible

Back Visible, clearly Visible, clearly Visible, clearly Partially visible Partially visible

Electronic EPSON® Inkjet 
Printer Xerox® Phaser printer SWINTEC® Typewriter KONICA MINOLTA® 

Toner Copier

Correction Fluid
Front Visible, clearly Visible, clearly Visible Partially visible

Back Visible, clearly Visible, clearly Visible, clearly Visible, clearly

Correction Pen
Front Not Visible Not Visible Not Visible Not Visible

Back Visible, clearly Partially visible Visible, clearly Visible, clearly

Correction 
Tape

Front
Visible Visible

ESDA® Developed Text

Partially visible

ESDA® Developed Text

Visible, clearly

ESDA® Developed Text

Back Visible Visible, clearly Visible Visible, clearly
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VSC®:

The writing beneath the correction fluid was vi-
sualized to varying degrees of clarity.  This may 
have been due to the fact that the fluid is brushed 
on and an uneven amount of fluid may have been 
deposited on any given sample or section of sam-
ple.  It is interesting to note that the fluid is also 
very near in color to the white of the paper, which 
may have somehow lessened the inhibiting attri-
butes in comparison to the correction pen.  

The only sample that was unsuccessfully visu-
alized with the correction fluid was the blue ball 
point pen when viewed from the front.  The vi-
sualization settings that produced the best image 
were set at the same settings at which the fluid 
itself fluoresces.  This resulted in the visualiza-
tion of the fluid to mask that of the ink.

Correction Pen

ESDA®:

The correction pen obliterations were developed 
as gray areas rather than text on the front and 
nothing on the back.  Similarly to the correction 
fluid, this may have been due to the unevenness 

Discussion

Correction Fluid

ESDA®:

The areas covered with correction fluid appeared 
as solid gray sections rather than producing an 
image of text when samples were developed from 
the front.  This may have been due to the fact 
that the correction fluid uses a thick, uneven 
layer of liquid to obliterate the writing.  This un-
even layer of liquid may also have created some 
indented or raised areas on top of the text.  The 
properties of the dried correction fluid may have 
prevented the black toner from preferentially at-
tracting to the image of the text, resulting in the 
gray sections. 

Interestingly, when the samples were devel-
oped from the back of the documents, three of 
the handwritten samples developed text: the Ve-
locity® gel-ink pen, the black ball point pen and 
the pencil.  It is possible that this may be attrib-
uted how the ink is applied to the paper, since 
handwriting instruments require the use of force 
onto the page which may have caused indenta-
tions on the back of the documents.

Table 2. A side by side comparison of selected results of the ESDA® and the VSC®.  

Sample ESDA® (front) ESDA® (back) VSC® (front) VSC® (back and 
inverted)

Velocity® gel-pen:

Correction fluid

(Transmitted light, 
Longpass filter—
1000nm) 

(Spot light—485nm-
610nm, Longpass 
filter—665nm)

EPSON® Inkjet printer:

Correction pen

(Transmitted light, 
Longpass filter—
1000nm) 

(Spot light—545nm-
675nm, Longpass 
filter—780nm, Red 
Component)

Xerox® Phaser printer:

Correction tape

(Transmitted light, 
Longpass filter—
1000nm)

(Spot light—445nm-
570nm, Longpass 
filter—645nm, Red 
Component)

Typewriter:

Correction tape

(Transmitted light, 
Longpass filter—780nm)

(Spot light—485nm-
610nm, Longpass 
filter—665nm)
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and thickness of the correction application and 
its composition.  Additionally, the correction pen 
would have resulted in indentations or raised ar-
eas which would again not attract black toner in 
a manner that would differentiate the text image 
from the background.  

VSC®:

Most of the writing obliterated by the correction 
pen was not discernible through the front of the 
documents.  This was possibly due to the physi-
cal thickness of the correction solution.  Addi-
tionally, the correction pen was found to reflect 
most wavelengths and did not fluoresce or trans-
mit light.  This would also explain why the re-
sults improved when the back of the document 
was analyzed: the reflectance of the correction 
pen had a backlighting effect on the absorbing 
ink.

Correction Tape

ESDA®:

Most of the handwritten samples with correc-
tion tape did not develop text, however, most of 
the electronic samples did.  The electronically 
deposited text obliterated by the correction tape 
had the best results with ESDA® analysis.  The 
application process of and consistency of the cor-
rection tape was, as with all the others, the most 
likely cause.  The correction tape was a thin and 
even layer of dry tape.  This even layer assists in 
observing the shape and alignment of the ink of 
the underlying writing.  The correction fluid and 
pen would not have been able to do this and in-
stead would have caused a disruption of the in-
dentations around the ink.  The properties of the 
materials used in the electronic samples, e.g. the 
toner used for printing, may have also played a 
role in the preferential deposition of black toner 
from the ESDA® to the image areas.

VSC®:

The correction tape was the easiest obliteration 
method through which to visualize the underly-
ing writing.  This was most likely because of the 
consistency of the tape.  The correction tape is 
very thin which would aid in the penetration of 
light.  The tape also allows for the transmittance 
of light, unlike the correction pen, which also 
contributed to the successful visualization of the 
underlying ink.

ESDA®: Handwritten vs. Electronic

Since the handwritten samples were the only 
ones to develop text for the correction fluid from 
the back and the electronic writing samples were 
the only ones to develop text for the correction 
tape from the front, it was considered that the 
different methods of application of ink may have 
played an effect on the results.  

Ink is deposited onto paper in a variety of dif-
ferent methods depending on the writing instru-
ment or machine.  Gel-ink pens use a viscous, 
water-based ink.  The ink consists of many more 
pigment particles in the medium.  The move-
ment of the barrel of the gel-ink pen allows the 
ball housing in contact with the stored gel to 
shear the gel and allow for ink flow as it moves 
across the paper.  The gel flows from the pen and 
onto the paper where the fibers absorb the water-
based ink.

Ballpoint pens store the ink as an alcohol-based 
liquid which is much thinner than the gel inks.  
As the ball moves across the paper, the ink flows 
through the ball and onto the paper where it 
quickly dries.  The result is much less pigment 
absorbed into the paper fibers (4,6).  

The pens created little indentation on the front 
of the pages of text.  When the ESDA® analysis 
was performed on the front of these pages, no 
writing developed.  The black toner did not tend 
to deposit in greater concentration on any deep 
indentation and therefore remained uniform over 
the page.  However, on the back of the pages, in-
dentations did occur which allowed for the devel-
opment of some text.  Since the extent to which 
pressure was applied when creating the writing 
samples varied, it is possible that only some of 
the handwritten pages developed text on the 
back, but not others.

Pencils, unlike pens, use a mixture of graphite 
and clay rather than ink (5).  When pencil is used, 
the materials are only partially absorbed into the 
paper and do not evaporate.  This results in the 
graphite and clay remaining raised on top of the 
page, allowing the charges from the ESDA® to 
cluster on these areas and develop text when not 
obliterated.  The pressure applied while writing 
with the pencil may have also caused the devel-
oped text with the ESDA® on the back of the 
sample.

The inkjet printer sprays tiny droplets of liquid 
ink onto the page which then dry on the surface 
of the page.  No impact or pressure is used to ap-
ply the ink.  Therefore, there were no areas of in-
dentation left by the inkjet printer.
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The typewriter uses impact to apply carbon 
pigment to the surface of the page.  The carbon 
pigment is dry and therefore is not absorbed into 
the fibers of the paper.  This impact process is the 
most likely cause of the successful visualization 
of the writing when analyzed with the ESDA® 
(7).  

The toner copy machine and the phaser printer 
differ from the other processes of the printing.  
These two print by placing electrically charged 
toner directly onto the paper (8).  Like the type-
writer, the toner is dry and does not absorb into 
the fibers, but it is melted onto the surface of the 
paper as part of the printing process.  The result 
is similar to that of the graphite pencil where it is 
raised above the paper’s surface.  

The phaser printer probably had the best result.  
This could be due to a thicker deposit of pigment 
onto the page than any of the other electronic 
methods, which would leave text that is more 
raised from the surface of the page.

VSC®: Front vs. Back

Both the front and back of the documents were 
analyzed.   One theory is that the light’s interac-
tion with the corrective utensils may inhibit the 
camera’s ability to detect any reaction of the light 
with the underlying ink.  It was suggested that 
the paper would be less inhibitive than the cor-
rection methods.  Overall, analyzing the samples 
from the back of the documents either improved 
the clarity of the writing (Figures 16 and 17) or 
had no effect on the clarity.  

Conclusion

The study showed that the only samples where 
the ESDA® developed text on the front were from 
the Xerox®, typewriter, and toner copier and only 
those obliterated by the correction tape as well 
as the Velocity® gel-ink pen, the black ball point 
pen and the pencil obliterated by the correction 
fluid and developed on the back.  However, the 
results with the VSC® differed greatly from those 
with the ESDA®.  Table 1 displays the results of 
the VSC® and the ESDA®.  It is clear from the 
examples tested that the ESDA® was not nearly 
as effective in developing an image of the obliter-
ated writing as the VSC®.

Ultimately, the VSC® was able to provide an 
image of the obliterated writing for every sample 
with each type of correction.  In some cases, the 
writing could not be distinguished by viewing the 
front of the document.  However, in all of those 
cases, the writing could be seen from the back of 
the documents.  Overall, the VSC® was success-
ful in generating a legible image of writing de-
faced by a variety of correction techniques.  The 
type of ink used and whether it was deposited by 
hand or electronically did not appear to have an 
effect on the VSC®’s ability to obtain a discern-
ible image or on the quality of the images, where-
as it did play a role in the ESDA® examinations.  

The superior ability of the VSC® to visualize 
the obliterated text is likely due to the fact that 
the VSC® is designed to be able to analyze these 
types of samples.  The VSC® is made to use the 
properties of light and color to distinguish be-
tween different sources of text, among other ap-
plications, including obliterations.  The ESDA® 
is not designed to discern obliterated text.  It is 
designed to visualize indented text.  Analyzing 
obliterated documents is a new application for 
this technique and as such, it was expected that 
it would not be as effective as the VSC®.

The VSC® was certainly more successful than 
the ESDA® in visualizing the obliterated writing; 
however there are some advantages to using the 
ESDA® for this type of examination.  The first 
step in many questioned document examinations 
is the use of the ESDA®, so awareness that this 
can be useful for correction utensils is beneficial.  
Additionally, the VSC® is an expensive piece of 
equipment and all forensic laboratories may not 
have access to one.  Although similar results may 
be obtained from the manual placement of filters 
in front of a suitable camera and illuminations 
sources, this would be time consuming.  In such 

Figure 16. Uniball® gel-ink pen writing sample with 
correction fluid, viewed with the VSC® from the 
front.  (Transmitted light, Longpass filter – 1000nm)

Figure 17. Uniball® gel-ink pen writing sample 
with correction fluid, viewed with the VSC® from 
the back and inverted.  (Spot light – 445nm-570nm, 
Longpass filter – 645nm, Red Component)
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situations, it would be advantageous to use the 
ESDA® for as many types of analyses as possible 
so that the evidence would not need to be sub-
mitted to another agency.  And finally, it increas-
es efficiency to be able to analyze evidence for 
indentations as well as obliterations simultane-
ously.  This reduces time spent on a given piece 
of evidence and reduces the cost of carrying out 
additional, unnecessary analysis.
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