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Abstract 
The article reviews the most important and recent methods used in questioned documents laboratories for the 
examination and comparison of typewritten and office printed documents, exemplified by case studies. The 
methods presented in this article include the determination of class and individual characteristics mainly by 
physical methods (visual, optical, spectroscopical techniques) and chemical methods (TLC, HPLC, MALDI-
TOF).  
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 Typed and office printed documents 
are numerous, take many forms and have 
been produced for a considerable number 
of years. The first commercial typewriter 
was introduced as long ago as 1873 
(Nickell, 1996). Then as technological 
advances were made the introduction of 
electronic typewriters was seen followed 
by the development of computers and 
computer printers. Now computers and 
printers are not only common in the 
workplace but also in the home. This has 
seen the opportunity to produce fraudulent 
documents greatly increase over the years.  

The purpose of forensic document 
examination is to provide information 
about the history of a document to either a 
court of law or investigating police officer 
seeking evidence present in the document. 
The document to be examined is termed the 
questioned document where 'questioned' 
indicates that not everything about the 
document is accepted for what it appears to 
be (Ellen, 1997). 

 Documents can convey information in 
different ways, the first and most obvious, is 
in the typed or printed words or marks on the 
paper. The second is in the more subtle marks  

which are sometimes  hidden  from the naked 
eye such as watermarks, missalignment of 
characters, security marks and fibres, 
minute damage to the typeface of a 
typewriter or pressure marks where paper 
has been mechanically held in a printer and 
many more. It is in this way of conveying 
information that the document examiner 
may concentrate on although there are many 
instances where obvious forgery that can 
immediatly be seen, for example, one of the 
documents pertaining to the alledged 
attempted purchase of uranium by the 
Sadam Hussain regime in Iraq from Niger 
(http://www.sundayherald.com) in which an 
obsolete letterhead was used which included 
the wrong symbol for the Niger presidency. 

Before any document is examined, 
administration procedures and protocols 
relavant to country or state must be adhered 
to. Incorrect documentation procedures for 
evidence that is to be taken to a court may 
invalidate any information gained by 
examination of the document. Preliminary 
administrative procedures for a typical case 
undertaken by the questioned documents 
unit of the Federal Bureau of Investigation 
are outlined by Held (http://www.fbi.gov).  
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1. Acknowledging receipt of the evidence.                                           
2. Checking the evidence against the 

incoming communication (to ensure 
consistency). 

3. Assigning unique identifying numbers to 
the submissions (denoting whether it is 
questioned or known).   

4. Making arrangements for any other 
requested examinations such as DNA 
analysis or fingerprint analysis. 

Documents are examined using the 
scientific principles of observation and 
deduction applying appropriate tests and 
comparison with known reference 
standards. When examining documents the 
task of the examiner is to determine whether 
or not two pieces of typescript are similar or 
whether they have any clear differences 
(Nickell, 1996).   

Initially the examiner will attempt to 
determine the means of production of the 
disputed documents, for example was the 
document typed on a manual typebar 
machine, a single element machine or was it 
produced by ink-jet or laser printer 
(http://www.docev.co.uk). 

Documents may be examined by 
either physical or chemical means.  

Although typewriters have given way 
to computers and computer printers the type 
written document is still the subject of many 
investigations as in the trial of Dr. Harold 
Shipman at Preston Crown Court 
(http://www.docev.co.uk) where the 
examination of the typescript of the will of 
one of his patients yielded evidence that it 
had been typed on a typewriter found in Dr. 
Shipman's office. Typewritten documents 
have both class and individual chacteristics 
(Nickell, 1996).  

Class chacteristics are those of a 
particular make and model of machine 
which are identified from the typeface by 
comparing it with a reference collection.  

For example the Haas Atlas 
(http://www.asqde.org) which contains 
images of type font specimens cross 
referenced to typewriter make, name, 
manufacturer and serial number. It is now in 
the form of a computer database program. 

This has the advantage over previous 
methods of having the type font specimens 
printed on cards in that the type script being 
examined and compared can be overlaid on 
the computer, projected onto a large screen, 
printed out or sent to another computer. The 
comparison of the unknown or questioned 
document with known documents or 
standards to effect identification is the basic 
approach of the document examiner 
(Nickell, 1996). The most common 
objectives for comparing typewritten 
materials are, identifying the manufacturer 
and model of machine that produced a text, 
identifying a specific machine so proving 
that alterations or additions to a document 
were made with a machine other than that 
which the document was originally typed, 
establishing a date before which a certain 
document could not have been typed ,based 
on the year of manufacture of the typewriter 
or as is sometimes possible, the date of 
manufacture of the paper or ink. 

There are two main types of typewriter 
(http://www.fbi.gov), a typebar typewriter 
where the typeface elements are 
permanently fastened into the machine and 
the interchangeable element typewriter 
where the typeface is fixed to a ball, 
printwheel or thimble that can be removed 
from the typewriter and exchanged. 

When examining the typed words of 
the document, the examiner will look at 
letter spacing and typeface which are class 
chacteristics of the machine or element. 

The most common letter spacings are 
those where there are 10 or 12 letters to an 
inch of typewriting (Ellen, 1997). It is 
common practice for a document examiner 
to refer to spacing not in characters per inch 
but as the length occupied by 100 
characters. Typewriters which print 10 
characters to the inch are known as pica 
machines and have a spacing of 254mm per 
100 characters. Those with 12 characters to 
the inch are referred to as elite and have 
spacings of 212mm per 100 characters. 
Other machines use spacings of 185, 200, 
210, 220, 225, 230, 236, 250 and 260. These 
spacings can be found in manual, electric 
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typebar as well as single element machines. 
The main points for comparison of the 

typeface are the overall size and design of 
the letters e.g. capital M and W, the size and 
design of numerals e.g. the figure 2, with or 
without a straight base and the figure 3, with 
or without a straight top, the curvature of 
the endings of letters such as an f or t. 

Spacing and size of letters were key 
areas of the examination of the Killian 
documents (http://www.wikipedia.org) This 
controvesey centered on the allegedly 
forged documents that were brought to 
public notice during the 2004 United States 
presidential campaign of George W. Bush. 
During September 2004 document examiner 
Richard Polt (http://www.staff.xu.edu) 
examined the Killian documents and came 
to the conclusion that the documents were 
not genuine. Polt (http://www.staff.xu.edu) 
based his conclusions on: 
1. Differential spacing, where the space for 

an i is narrower than that for a w. 
2. Kerning, which means the characters in 

the documents appear to fit closely 
together.  

3. The small superscript 'th' in 187th  
4. Curly apostrophes. Most typewriters use 

straight apostrophes. 
5. Centering. Three lines of perfectly 

centered text which is easy to achieve on 
a computer but not on a typewriter using 
differential spacing. Each line of text 
would have to be measured.       

Flounder (http://www.flounder.com) a 
computer typography expert, upon 
examining the documents came to the 
conclusion, which was based partly on letter 
spacing, that the typography of the Killian 
documents could be matched with a modern 
personal computer and printer using 
Microsoft Word with the default font 
(Times New Roman) and other settings. 
Therefore the equipment which the Killian 
documents were actually produced on must 
have been capable of matching the 
typographical characteristics produced by 
this modern technology.  

In order to determine misalignment of 
typewritten characters or entire passages 

document examiners have used glass or 
acetate grids. These are a series of glass or 
clear plastic sheets marked with regularly 
spaced parallel vertical and horizontal lines 
the spaces between which, depend upon the 
spacings produced by the various different 
typewriter manufacturers (Hicks, 1999). 
Now it is possible to use a computer 
program. If images of the questioned and 
known documents can be imported into the 
computer then a grid can be overlaid onto 
the text. This has the advantage that any 
character or line spacing may be used, the 
image can be projected onto a larger screen 
or printed out. It also allows for whole 
words which may be out of line to be picked 
out more easily.  

Frank Hicks (1999) does not see this 
replacing glass or acetate grids but rather 
providing document examiners with another 
option for demonstrating their results to 
others. It must be noted that over the years 
various typewriter manufacturers have 
either merged or have been taken over so a 
particular typeface or character spacing may 
not be perculiar to one make of machine 
only (Ellen, 1997). It is also possible for one 
machine to produce different results for 
various reasons , the most obvious being 
changing of the print element on a 
removable element machine but many 
electronic typewriters can produce printing 
at two different spacings or more. They may 
also be able to right justify text as well as 
being used as a conventional typewriter 
(Ellen, 1997). 

Individual characteristics are thoes 
which can pinpoint a document to a 
particular machine, they develop through 
use and abuse and show up in such ways as 
wear on a character and faulty alignment 
(Nickell, 1996). For example after the arrest 
in 1996 in the USA and subsequent 
conviction in 1998 of Theodore J. 
Kaczynski, known as the Unabomber, 
evidence was found linking a typewriter 
with correspondance from the Unabomb 
case which identified a unique characteristic 
of the letter u from correspondance from 
Kaczynski with a u on a typewriter key 
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seized during the investigation 
(http://www.fbi.gov). It is possibly easier to 
attribute individual chacteristics to a 
particular machine if it is a typebar machine 
than to a machine with an interchangeable 
element. While it may be possible to 
associate the text with a particular element it 
is very difficult to associate it with a 
particular machine (Nickell, 1996). The type 
of machine may limit the conclusions 
possible as a result of the examination.  

If it is suspected that a document may 
have been recently altered or additions 
made to it, then finding and examining the 
typewriter ribbon becomes very important. 
There are two general types of typewriter 
ribbon (http://www.fbi.gov). Fabric which 
does not retain a ledgible image of the text 
prepared with it and carbon which can retain 
readable text. There are two kinds of 
correction ribbon, lift off and cover up, 
these also retain images that may be 
compared with text and carbon ribbons. The 
questioned document unit of the FBI 
maintains a ribbon analysis workstation 
which is an apparatus that is used to 
transcribe the text found on typewriter 
ribbons (http://www.fbi.gov). It is also 
possible to do a paper fibre-transfer 
comparison as the low density polythene 
backing on carbon ribbons can asume the 
imprint of fibres in the paper. This is done 
by using a comparison microscope. 

Many of the examinations of printed 
documents involve the comparisson of 
genuine documents with suspect or 
counterfeit documents rather than 
examination of individual characters, 
alignment and typeface faults. This is due to 
computer word processing software being 
able to produce a wide variety of character, 
word spacings and page styles all on the 
same printer. 

Optical methods of paper and ink 
analysis such as reflectance and 
luminescence have been used for many years 
(Ellen, 1997). The Foster and Freeman Video 
Spectral Comparator 5000(VSC) 
(http://www.Fosterfreeman.co.uk) can be 
used on both typed and printed documents. 

Paper can luminesce upon irradiation by ultra 
violet (UV) light. This can be due to optical 
brightners added during manufacture, 
inclusion of luminescent fibres either 
accidentally or deliberatly and just as paper 
can luminesce so too can inks. The VSC is 
an imaging device that allows the examiner 
to visualise hidden security features such as 
the tracking dots which some colour laser 
printers put on each piece of paper to allow 
printer identification (http://www.eff.org) 
and to reveal alterations on a document . It 
can scan a document from the infrared (IR) 
region through the visible and into the ultra 
violet region of the electromagnetic 
spectrum.  

A mark or image that is not visible 
under normal light conditions may be 
revealed under UV or IR conditions. The 
images can be stored on computer and 
manipulated by the examiner, images can be 
overlayed or compared side by side. The 
images can be stored printed or sent to 
another computer. If a page has been added 
to a document it may be possible to discover 
this if all the paper in the rest of the 
document luminesces except for that one 
page or the other way round. This is a non 
destructive method of analysis and may also 
be used for inks. For example when a 
magenta coloured ink (Mokrzycki, 1999) 
was viewed using a 440-580nm excitation 
filter and a 610nm barrier filter, the ink was 
found to luminesce. 

The document examiner tries to 
discern as much information as is possible 
from the document by non destructive 
techniques such as observation and 
comparison using the naked eye, 
magnifying glass and optical techniques. In 
some cases these methods are insufficient to 
identify the inks used to produce a 
document so it then becomes necessary to 
apply chemical techniques which may cause 
partial destruction of the document (Zięba-
Palus and Kunicki, 2006). Optical methods 
based on transmission, reflection and 
flourescense spectra can differentiate 
between samples in a more objective way 
than by just comparing colours. The 
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dissadvantages are that such optical 
methods do not provide information on all 
components of the ink although as will be 
shown the use of Raman spectroscopy has 
proved to be very usefull as a non 
destructive technique that can be used 
directly on a document (Savoli et al, 2003) 
for the identification of inks. Mokrzycki 
(1999) points out in his outline of the use of 
the VSC for spectral comparisons, that it is 
capable of examining various characteristics 
of inks such as absorption and reflectance 
properties but comments that the spectral 
analysis feature is only a preliminary 
screening tool and should not be considered 
as a replacement for chemical analysis.   

Sequencing of typing or typing stroke 
order determination has sometimes been 
possible although not if fabric ribbons have 
been used. Stroke order from carbon ribbons 
can often be determined if the typing 
crosses a signature made with a ball point 
pen (Ellen, 1997).  

Deposits from the carbon ribbon are 
examined by Scanning ElectronMicroscope 
(SEM) and the sequence can be determined 
from the relative position of each material. 
The dissadvantage is that this is a partially 
destructive method as the piece of paper to 
be examined is removed from the document 
although with recent developments in 
enlarging the specimen chamber it may now 
be possible not to have to cut the document 
(Toonet, 2003) Ball point pen lines crossing 
over printing on a laser printed document 
will remain on top and can be seen by the 
SEM but fountain pen inks, fibre tipped or 
rollerball pens will soak through the toner 
and not be visible. 

Micro-Raman Spectroscopy (Savoli et 
al, 2003) is now being developed to detect 
line crossing sequences and also for printer 
ink analysis. The technique is based on the 
inelastic scattering of light. The ability to 
discriminate between different inks based 
on the recognition of characteristic Raman 
peaks leads to the reconstruction of the line 
deposition sequence. Further research is 
ongoing in this area but results so far 
indicate that this method is a very effective 

non-destructive method of determining the 
sequence of line crossing.  

Visual methods have usually been 
used to distinguish between ink jet and laser 
printers but image analysis software is 
proving to be another usefull tool for the 
document examiner (Deringas, 2003) Image 
analysis software can be used for line 
profile measurments of digitised document 
images. Line width and asymetry can 
indicate characteristics of different printing 
processes. This can supplement the visual 
methods already used to distinguish say ink 
jet from laser. Recent work using image 
analysis software has been able to 
distinguish between printers of the same 
type. 

Chemical methods of ink analysis are 
based on separation techniques because. 
Inks are of such varied mixtures with 
characteristics suitable for each different 
printing process used (Zlotnick and Smith, 
1999). The objectives in the testing of inks 
is to determine whether or not the ink of the 
questioned document is the same as that 
used for the genuine document, identify the 
printing process if this is in doubt, indicate a 
possible manufacturer and to date ink 
samples. Determination of the age of inks is 
an ongoing area or research (Siegel, 2005). 

Prior to the 1950’s the document 
examiner relied upon chemical spot tests to 
differentiate between inks (Zlotnick and 
Smith, 1999). After that thin layer 
chromatography (TLC) became popular. As 
the variety of printing methods and inks 
increased their became a need for greater 
sensitivity and resolving power in the 
separation techniques. Document examiners 
began focussing on the analytical tools of 
the chemist such as high performance liquid 
chromatography (HPLC), capillary 
electrophoresis (CE) and gas 
chromatography (GC). All of these methods 
can be linked to a mass spectrometer 
(Barker, 1998). 

Techniques such as CE also have the 
advantage of needing very small sample 
quantities in the region of nanogram 
amounts so this reduces the amount of 
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destruction done to the document.  
Much of the work on dating of inks 

has not been aimed at finding the absolute 
age of the printing but on backdating by 
demonstrating that the ink on a document 
was not available until after the document 
was said to have been produced (Siegel, 
2005).  Ink libraries are being developed but 
as yet the samples are limited. Matrix 
assisted laser desorption mass spectrometry 
(MALDI-MS) is proving not only a 
valuable tool for determining the structure 
of dyes but also for aging of inks.  

With the ability of computer programs 
and printers to now produce many different 
fonts and styles the original area of emphasis 
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