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Use of the non-dominant hand is a method sometimes utilized to disguise one’s handwriting. FDEs are
always mindful of possible disguise in questioned and known handwriting when performing compari-
sons, but it should be remembered that use of the non-dominant hand is not always used as a means
of disguise. Sometimes, it is forced on a writer due to amputation, illness, immobility, or other factors.
Consider, for a moment, veterans of the Iraq and Afghanistan wars. As of December 31, 2013, there
were 1,558 major limb amputations performed on US soldiers. [1] US soldiers remain in combat in
parts of the world today, so these numbers are likely to increase.

So it was with our soldiers and wounded veterans in mind that this study began. Using a book called
“Handwriting for Heroes” [2], the author personally embarked on a six-week process of training her
non- dominant hand to perform the complex task of writing. The project consisted of twelve daily writ-
ing assignments such as repetition of letter combinations, tracing cursive writing outlines, shading in
objects with a pencil, and copying sentences. There was also a daily “homework” assignment meant to
increase dexterity and coordination. Specific problems and challenges encountered during the exercises
were documented. Differences between the dominant-hand writing and non-dominant-hand writing
were seen in: slant, letter designs, retracings, beginning strokes, connecting strokes, speed and fluency.
Changes to the handwriting, which improved noticeably over the six weeks, were also documented.

Those who have lost the use of their dominant hand due to injury, illness, or amputation have no
choice but to transform their non-dominant hand into their new-dominant hand. If faced with samples
of their writing for comparison, it must be understood that they are not necessarily attempting to dis-
guise their writing, but perhaps just trying to survive and thrive. This exercise is meant to bring aware-
ness to a growing source of handwriting that may appear to be disguised or distorted, to assist FDEs
in understanding the process involved when training the new-dominant hand, and to highlight certain
features and characteristics that might be observed in the handwriting produced by the new-dominant
hand.

Introduction identity. [3] Writers who intentionally disguise
their writing might change the “...slant, letter
formation of capital and lower case letters, speed,
size, height and length ratios, ...use of space,
alignment, and use of special characters.” [4]
No matter the method employed in an attempt
to disguise one’s writing, the desired effect is a
change in pictorial appearance so as not to be
identified. Writing with the non-dominant hand
changes the pictorial appearance of the writing
because of the drastically reduced skill level. [5]

Handwriting examination and comparison is one
of the most common examinations performed by
forensic document examiners (FDEs). The pro-
cess involves a side-by-side comparison of ques-
tioned writing to known writing for the purpose
of determining authorship. One of the potential
problems encountered by FDEs is disguised writ-
ing. Disguised writing is that which is produced
with the deliberate intent of concealing one’s
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According to Durina, 21% of the sixty-two writ-
ers involved in her disguised signatures study
employed use of the non-dominant hand as their
method of disguise. [6] FDEs must recognize,
however, that writing with the non-dominant
hand does not always point to disguise, but rather
could be due to amputations, illness, immobility,
or other factors. Consider, for a moment, veterans
of the Iraq and Afghanistan wars. As of December
31, 2013, there were 1,558 major limb amputa-
tions performed on US soldiers.[7] Soldiers whose
dominant hand or arm is amputated or otherwise
rendered useless due to injury must adjust by
teaching their non-dominant hand to perform
many of the duties that the dominant hand/arm
once performed. Undoubtedly, the most difficult
of these tasks is handwriting.

Handwriting is a learned process. It is a “com-
plex interaction of physical and mental processes
involving cooperation among your brain’s cogni-
tive, motor, and emotional areas, down through
the brain stem and the spinal cord, and out to
your hand.” [8] Handwriting uses more muscles
and nervous tissues than perhaps any other ac-
tivity. [9] From the moment a baby is born, she
is developing strength and skill in her fingers
and hands. At a very young age, children begin
picking up and holding objects of different sizes,
and performing fine motor skills such as play-
ing with small toys. By just a few years of age,
children have begun to hold crayons with which
they fill in the pictures in a coloring book and
draw pictures of their own. Any observant par-
ent would likely be able to tell you whether her
child is right-handed or left-handed long before
that child goes off to kindergarten and begins to
write. It was previously believed that handedness
was something that was developed by the time
a child turns three years old. However, research
out of Ireland suggests that a person’s dominant
hand is determined by ten weeks gestation. [10]

This project is intended to bring awareness to
a growing source of handwriting that may appear
to be disguised or distorted, to assist FDEs in un-
derstanding the process and challenges involved
when training the new-dominant hand, and to
highlight certain writing features and character-
istics that might be observed in the handwriting
produced by the new-dominant hand.

Methodology

Until recently, the only functions the author’s
non-dominant left hand could successfully

perform was holding a purse or flipping a light
switch. It certainly was not talented enough to
execute any task that requires coordination, dex-
terity, or fine motor skills such as handwriting.
However, with the assistance of a workbook, in
a rather short amount of time, she was able to
develop writing abilities in her heretofore useless
left-side appendage.

A workbook entitled “Handwriting for He-
roes” [11] was the inspiration and instructor for
this project. As the title suggests, the workbook
was designed for war veterans who have had
their dominant hand/arm amputated. The six-
week project consisted of twelve daily writing
assignments such as repetition of letter combi-
nations, tracing cursive writing outlines, shading
in objects with a pencil, and copying sentences.
A sampling of the exercises found in the work-
book is included in APPENDIX A. The exercis-
es focus on cursive writing “...because cursive
writing is easier to learn from a motor and per-
ceptual standpoint. Cursive writing causes less
hand strain than printing... [and diminishes the
need] for even spaces...” [12] There were also
daily “homework” assignments which included
using crayons to color in a picture, connect-the-
dot drawings, fill-in- the-blank writing assign-
ments, drawing shapes, and manipulating small
objects such as coins and pen caps. “These types
of activities encourage radial digit coordination,
separation of radial and ulnar sides of the hand,
and wrist extension... which are necessary motor
components of handwriting.” [13]

While completing the workbook exercises over
the course of the six weeks, the author document-
ed challenges that were encountered, differences
that were observed in the hand movement and
resulting handwriting, and improvements that
can be seen as her non-dominant hand gained
strength and flexibility.

Discussion

Week one of the project proved to be the most dif-
ficult. The simple act of holding and manipulat-
ing the writing instrument was to be the first of
many problems. Many different pen holds were
tried, none of which felt comfortable or natural.
A pen grip was placed on the barrel of the pen to
increase the diameter and make it a little easi-
er to grasp. By the second week of writing and
several different grips, holding the pen with the
non- dominant hand began to feel less awkward.
The best grip for the author turned out to be rest-
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ing the pen on the middle finger while grasping
it between the thumb and index finger. This is
unlike her right hand (dominant hand) pen hold
in which the thumb and middle finger grasp the
pen, the index finger rests on top of the pen, and
the pen sits on the ring finger. It seemed that the
dominant hand pen hold was too difficult in the
non-dominant hand because there were too many
unwieldy fingers involved.

Weakness and a lack of dexterity in the left
hand resulted in a very firm grip on the pen. The
tight grip on the pen led to tension in the fingers,
hand, wrist, arm, shoulder, and even the neck.
It was also noticed that the concentration and
determination required to grip the pen with the
left hand caused the right hand to become tightly
fisted, perhaps in frustration. The author’s entire
body was hunched over the table and tensed up
with the physical and mental effort. Week by
week as strength and dexterity improved, stress
in the body decreased and it was possible to write
for longer periods of time before fatigue set in.

Along with the dominant right hand being
fixed in a permanent fist while writing with the
left hand, the author also noticed that much of
the time her right hand was moving as if it had
a tremor. This was especially noticeable and dis-
tracting while shading in shapes with a pencil or
crayon. On day three of week one, the homework
assignment was to color in three balloons. The
“tremor” in the right hand became so distracting
that sitting on the dominant hand was the only
was to make it stop. It was as if the right hand
was trying to help the left hand complete the as-
signment. Perhaps it was frustrated by the awk-
ward movements being exhibited by its counter-
part. This “tremor” continued into week six.

The uncoordinated and awkward movements
exhibited by the author’s left hand are to be ex-
pected when a ‘righty’ tries to become a ‘lefty’.
Aside from the general lack of strength and agil-
ity in one’s non-dominant hand, physics dictates
that there is a mechanical difference between
writing from left-to-right, as is done with the
English language, with the right hand as opposed
to writing left-to-right with the left hand. When
writing with the right hand, the hand/arm is mov-
ing away from the body, which is a pulling move-
ment. However, when writing with the left hand,
the hand/arm is moving toward the body, which
is a pushing movement. [14] Pushing requires
different muscles and different muscle move-
ments than pulling. Having to push the pen adds
to the effects caused by general weakness and low
skill level in the non-dominant hand, including
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jerky movements in ascending loops, descending
loops and circular movements. This also made it
difficult to complete a full line of writing with-
out stopping to lift the pen to readjust the hand/
arm. The author had a breakthrough on day five
of week two when she was able to slide her hand
along while writing rather than having to stop
and pick it up. This was a skill that was not con-
sistent, however, even after the full six weeks. At
times the non-dominant hand was able to slide
along smoothly while other times it was not.
The written product of these efforts suffered
in numerous ways. A forward slant was very dif-
ficult to execute, but even more difficult was
performing any single slant consistently. At the
beginning of the project it was not uncommon to
find forward slant, vertical slant, and backward
slant all in the same word, as is depicted in Figure
1. As the weeks progressed, the consistency
of slant increased. The slant present in the
non-dominant-hand writing is slightly more
vertical than the slant in the dominant-hand
writing, which is noticeably forward. The
improvement in the non-dominant-hand
slant is shown in Figure 2.

Slant-BEFORE Six-Week Project
Non-Dominant Hand

Figure 1.

Bustpiogt Yl

Slant-AFTER Six-Week Project
Non-Dominant Hand

Figure 2.

Letter design also suffered with the non-domi-
nant-hand writing. It was impossible to generate
some of the normal letter forms such as ‘H’, ‘"W,
F,'Q,'T’, 'P’, and ‘R’. (See Figure 3.) Certain of
these letters proved to be too complex for the
non-dominant hand, such as the ‘H’ and ‘Q’. Oth-
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ers, such as the ‘T” and ‘F/, proved difficult due
to the direction of the required movement. The
letter “‘W’, which the author normally forms with
pointed ends, proved troublesome because of the
four separate start/stop movements. By switch-
ing to a rounded ‘W’ formation, the four straight
movements were reduced to two curved move-
ments.

It was not just uppercase letters that presented
a problem. An entirely new method of writing
particular lowercase letters was adopted. When
the letters ‘a’, ‘d’, and ‘g’ fall at the beginning of
a word, the author’s right and left hands use
the same movements of execution. However,
when those letters fall in a medial or terminal
position of a word, the left hand executes them
differently than the right. As illustrated in Figure
4, the dominant right hand initiates a counter-
clockwise movement at the lower left corner of
the letter for at least a full rotation before mov-
ing into the terminal or connecting stroke to the
next letter. This movement was not produced
with the left hand. Instead, each letter is formed
with an initial stroke that moves up and over
in a clockwise direction until it reaches the up-
per right corner. Then it retraces back down and
around in a counter- clockwise direction for one

full rotation before continuing on to the terminal
stroke. Also problematic was formation of her
usual lowercase ‘r’. When the normal formation
was attempted, that letter tended to meld with or
cause the “extinction” of other letters around it.
Retracing was an element that was difficult to
produce well. Many of the retraces did not actu-
ally re-trace the line as they were supposed to but
were located above, below, or next to the original
line. This was most likely due to aim and skill
level. No matter how much effort was exerted,
the lines did not retrace on a regular basis. It did
not matter if it was a straight letter retrace such
as in the letters ‘t’ or ‘p’, or a curved retrace such
as in the letters ‘a’, ‘d’, ‘c’, ‘0’. (See Figure 5.)
Ultimately, the writing elements that were
found to be the most troublesome were punctua-
tion, t-crossings, and i-dots, all of which require
a deft hand and remarkable aim. “Omissions
of punctuation marks are frequent in unaccus-
tomed-hand writing.” [15] Commas and quota-
tion marks must be placed “just so” and require
small, controlled hand movements. Quotation
marks were especially difficult because the sec-
ond mark usually ended up superimposed on top
of the first rather than next to it. Because the sec-
ond stroke overlapped the first, a third stroke was
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Non-Dominant Hand

Figure 4.

N

A £t T aa

dd A © o oo

Non-Dominant Hand

Figure 5.

typically required to complete the mark. Periods
and i-dots require placement and pressure, but no
movement. Pressure without movement proved
to be difficult for the non-dominant hand, so the
normally round periods and i-dots became slash
marks. Using a liquid ink pen rather than a ball-
point pen would help to reduce the required pres-
sure and somewhat alleviate this problem. Excla-
mation points and t-crossings require a straight,
controlled line quite unlike anything else in cur-
sive writing. Aside from not being able to pro-
duce a straight t-crossing or exclamation point,
it was much easier, unlike writing with the right

hand, to cross the ‘t’s from right to left. This is, of
course, typical of left-handed writers. [16]
“Generally speaking, signatures written with
the unaccustomed hand closely resemble sig-
natures written with the preferred hand.” [17]
While this may be true of some writers, it was
completely untrue in the author’s experience!
Reproduction of the complex movements needed
to write her normal signature with the non- dom-
inant hand proved impossible. Simplification of
complex letter forms is typical and takes into ac-
count the lack of skill in the non-dominant hand.
[18] [19] Aside from perhaps the letter ‘a’ in the
last name, Figure 6 clearly shows that there is

Dominant Hand Signature

ﬁ%@wr‘lﬂ/ @/"\ R ’\."\,(1/0‘ S VMY

Non-Dominant Hand Signature

Figure 6.
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not a single other letter that follows the normal
dominant-hand execution. Speed and fluency,
which are indicators of genuine signatures, are
also grossly lacking in the left-handed signature.
A signature comparison between the dominant-
hand signature and the non-dominant-hand sig-
nature can be found in APPENDIX B.

At the beginning of this six-week project before
any practice or training, and again at the end of

the project, the author wrote the London Letter
with the non-dominant left hand. (See Figure 7
and Figure 8.) There is a remarkable improve-
ment in skill between the two samplings of
non-dominant-hand writing. Figure 9 shows the
London Letter written with the dominant right
hand. Clear differences between the writing of
the dominant hand and the non-dominant hand
can be seen in slant, letter designs, retracings,
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Figure 7. London Letter written with the non-dominant hand BEFORE the six week project.
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Figure 8. London Letter written w1th the non-dominant hand AFTER the six week project.
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Figure 9. London Letter written with the dominant hand.

beginning strokes, connecting strokes, speed and
fluency. A handwriting comparison between the
dominant-hand writing and non-dominant-hand
writing can be found in APPENDIX C.

Conclusion

“The processes involved in executing natural
handwriting movements are extraordinarily com-
plex and involve multiple brain regions working
in concert to bring about coordinated, precisely
timed multijoint movements...” [20] It is no sur-
prise then, that these challenges will manifest
themselves as unnatural movements in the hand-
writing produced by the non-dominant hand.
FDEs know that use of the non-dominant hand
is a method sometimes employed to disguise a
person’s writing. [21] [22] However, it must be re-
membered that those who have lost the use of
their dominant hand due to injury, illness, or am-
putation have no choice but to transform their
non-dominant hand into their new-dominant
hand. A forced change of dominant hand such as
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in the case of an Iraq or Afghanistan War veteran
may seem of little concern to the FDE. But as of
December 31, 2013, there were 1,558 major limb
amputations performed on US soldiers. [23] As
American troops are still deployed in many areas
of the world, the numbers of soldiers with ampu-
tated or incapacitated limbs will almost certainly
increase. Upper extremity limb amputations and
immobility, of course, does not only occur as a
result of injury during military service. Soldiers
and civilians face the loss of limbs and/or use of
limbs due to trauma, burns, peripheral vascular
disease, neurological disorders, infections, ma-
lignancies, contractures, and congenital deformi-
ties. Amputation/loss of use of the dominant up-
per limb, therefore, is something that may need
to be addressed by FDEs when examining hand-
writing that appears to be disguised by use of the
non-dominant hand. It must be understood that
the writer may not be attempting to disguise his/
her writing; rather he/she might just be trying to
survive and thrive.

The longer a person writes with her non-domi-
nant hand and the more she practices, the better
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the quality of the writing will be. However, it will
likely never appear completely normal and natu-
ral, nor will it look exactly like that produced by
her dominant hand. This exercise is meant to
bring awareness to a growing source of handwrit-
ing that may appear to be disguised or distorted,
to assist FDEs in understanding the process in-
volved when training the new-dominant hand,
and to highlight certain features and character-
istics that might be observed in the handwriting
produced by the new-dominant hand. As previ-
ously noted, differences between the dominant-
hand writing and non-dominant-hand writing
were seen in: slant, letter designs, retracings,
beginning strokes, connecting strokes, speed and
fluency. Changes to the handwriting, which im-
proved noticeably over the six weeks, were also
discussed.

Future Studies

This paper is meant as a pre-cursor and will be
followed by extensive research intended to deter-
mine whether or not a person’s dominant-hand
writing can be correctly associated to their non-
dominant-hand writing.
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APPENDIX A
SAMPLE WRITING EXERCISES

APPENDIX A

SAMPLE WRITING EXERCISES

Exercise 1: Warm-ups

Write your first name in each box. Fill up the box. The variety of box sizes will force your brain to
direct your hand to adjust its movements.

Day 1:

Exercise 2: Train in the rain

Copy both lines of letters:

QAL 000044444444 444444444 0-O-O-L-O-O-L-Q-L-O-O-OL OO O-O-0-0-(9

Day 1:

Exercise 3: Range control

This exercise is about stretching and growing. Keep your wrist stationary and stretch your fingers
(thumb, index and middle only). Trace the following curvy-line pattern:

Day 1:

A-1
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Exercise 4: Stretches

Using a pencil, fill in the stars.

N N N

Exercise 5: "Spit shine"

Repetition and attention to detail put the polishing touches on anything. In the military, that's
what makes a good “spit shine.” Write two lines of the continuous x, z, and g combinations:

Day 1:

Much of our writing involves commonly used words. Copy the following two lines of four small words.
Work as fast as you can while maintaining the proper slant.

ihe the the the ihe the of of of of of of of of of

OV ®TL 0T Q7L OTL BT T AR AR AR ANl AN Ak ANl

Day 1:
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Exercise 7: Boot lacing

Make X's in the boxes as shown in the example.

Day 1:

X

Exercise 8: In cadence

Keep your pen on the paper as you trace the letters in each word of the sentence.

Exercise 9: Carbon copy

The following sentence contains every letter of the alphabet....really! You won't even know you've
written the alphabet. It's the medicine-in-the- applesauce method of writing your ABCs. Write the
sentence twice. How's your slant, by the way?

e quick baswm for jumped. sver the Lagry dog

Exercise 10: Steady at the Ready
Each day as you do this exercise, you will work on combining straight line and loop letters. When

you move between line and loop, please be careful to keep your proper slant. Write the following

sentence two times:

MMWWMMM@WW

Day 1:
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Exercise 11: Endurance training

You should be very good at this by now! Keep your lines of writing even across the page as you trace
the following script.

Exercise 12: Esprit de corps

Copy the following statement:
Lo the M&umtmg, JﬁW Ahis week:
[.Call a W 2. Read a bosk. 3.<Lake a map.

Day 1:

Sample "Homework" Exercises

Day 1: While you're sitting and watching television, practice flipping a pen from end to end in your
hand. If that's too easy, get a pen with a cap on it and put it on and take it off at each end
(repeatedly) without dropping the pen or the cap.

Déy 2: Place coins or marbles or buttons in Silly Putty or Theraputty and work your fingers to pull
the objects out. This builds strength and dexterity in your hand.

Day 3: Complete the coloring page following these instructions.
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Day Three Homework
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APPENDIX B
SIGNATURE COMPARISON

SALIVUWIS OV Sy w w33YO
SIXMEYALLI ) Flom3a FHuRIYW 0FY

A LN WD - NON o LNYNIWOG - NoN
h #33am | S2am

s 214 hc_.CEPVQ 2L 44 r.nnp
v 5 neayd n»..mva P_vmwmzcspﬁ

0V 230
P 6‘1.. p.;o..b.rﬂuu:mv 2 % % %OFMWDS,-Jw
e pWIOY wwubye
u3lg 3 82..—.& \S &“us.{.ﬂmﬂs +MW.OS
Sawpbu +\A aqu_onr Jpowsro|€ Ly A DU

ONYH INYNIWOO- NN

o
RS

LI Pn w

B-1
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APPENDIX C
HANDWRITING COMPARISON

zlant
3:&22-50

aﬁ/dfm,m e %;7;& ﬂ

. - CoMINANT HAND #-crossing dicechonali ty
base alignmenT  +—rossing placement and length 1o~ 20ntal gpacing

|r\$

slant
Y behnean words l:ta'h.cc fom'h'

m\‘leu,\ 5&'\/@10‘3 M!M —H—gmﬁ,—b-&u&mmm—&é&ﬁﬂ—
o SN

WEEK & Non—DOMINnANT H AND

ReD MARKINGS DENOTE OIFFERECES
GREEN MARKINGS pENGTE SIMILARITES

C-1
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