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Funding for schools is increasingly based on the results of standardized tests administered to the stu-
dent.  In administering these tests, many states and education-related organizations use computer-
scored answer sheets.  On these sheets, a writer indicates his or her answers by using a pencil to fill in 
printed circles or ovals, making what are sometimes called bubble marks or grid marks.  These answer 
sheets are then graded or scored electronically.

Document examiners are sometimes asked to examine computer-scored test answer sheets in or-
der to determine whether they were completed by a specific student or whether they were each fully 
completed by one person.  Since the sheets typically contain handwriting other than the answer marks 
themselves, the opinion reached, if any, is often based primarily on evidence in the handwritten text.  
However, sometimes the answer marks themselves become the issue.  

The questions studied in this project are (1) whether writers have a consistency in making answer 
marks, (2) whether answer marks have individuality, (3) what conditions need to exist in order to reach 
a meaningful opinion about these marks, and (4) how the marks should be examined.

INTRODUCTION

Recent research by three computer scientists 
has focused on the use of computer technology 
to assess authorship of “bubble marks” on docu-
ments.1  These answer marks, also sometimes 
called grid marks, are made on standardized tests, 
surveys, and ballots.  In using these forms, a writ-
er typically makes a pencil mark (often within a 
printed oval or circle) to indicate the answer to a 
question.  The research conducted by these com-
puter scientists has attempted to assess whether 
the answer marks on standardized documents are 
truly anonymous (as in the case of surveys and 
ballots) and whether the author of such marks 
can be determined (as related to numerous recent 
and on-going allegations of cheating on standard-
ized tests).  The report of this research was pre-
sented in 2011 and prompted the research pre-
sented here.

Over the years, many document examiners 
have inspected standardized tests on which hand-
written answer marks are used.  In these cases, 
there is commonly a concern about whether 

cheating has occurred.  This cheating can take 
many forms including, but not limited to, use 
of impersonators (that is, a student sending in a 
proxy or impersonator to take the exam on his/
her behalf), swapping of tests and answer sheets 
by two persons in the same room, making of af-
ter-the-fact changes to specific answers or com-
pleting unanswered blanks on an answer sheet, 
in order to increase a student’s or school’s score.  
A survey of newspaper articles written over the 
last few years reveals numerous reports of alleged 
large-scale cheating on standardized tests across 
the country. 

Typically when a document examiner receives 
one or more standardized answer sheets for ex-
amination, the document contains at least some 
general handwriting, possibly one or more signa-
tures, and often handwritten numeric calcula-
tions.   Examination of this writing is a typical, 
straightforward process discussed in many text-
books on document examination and covered 
by relevant standards in the field.  Furthermore, 
considerable research has been conducted regard-
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about the participant’s age category, handedness, 
writing education, and writing instrument pref-
erence.  The remaining questions were general 
and of no significance to the study itself.  For ex-
ample, questions 15 and 16 were as follows:

What kind of book do you prefer to read?
a.  Biographies
b.  Cookbooks
c.  Mysteries and thrillers
d.  None of the above

What is your favorite season?
a.  Spring
b.  Summer
c.  Autumn
d.  Winter

For answer sheet A, the participants were 
given the following printed instructions:

This questionnaire consists of general 
information.  It is being conducted for a 
research project pertaining to document 
examination and answer marks made on 
standardized test forms.  There are no 
right or wrong answers.  
Read each of the 50 questions below and, 
using a No. 2 pencil, mark your response 
to each question on the enclosed answer 
sheet marked “A” in the upper right 
corner.  

For answer sheet B, the participant was given no 
questions but was simply asked to fill in one oval 
for each of the 50 numbered items.  Then, (s)he 
was asked to erase specific marks and to make 
a new mark in a different oval for each of those 
items.

The instructions given for this section were as 
follows:

For this second part of the study, use the 
answer sheet which is marked “B” in the 
upper right corner.    

On this answer sheet, fill in the answer 
sheet without regard to any questions, 
indicating one answer for each of the 50 
answer grids.  You may do this randomly 
or in any pattern that you choose.    
However, mark only one circle per item.

THEN:  Go back and change the answer 
to questions 1, 5, 10, 15, 20, 25, 30, 40, 45, 
46, 47, 48, 49 and 50.  That is, erase the 
answer you previously entered and fill in 
a new mark in some other oval for this 

ing identification of signatures, hand printing, 
and numerals.  However, the literature on docu-
ment examination contains little if any discus-
sion of the limited subject of handwritten “bub-
ble marks” on standardized tests as well as those 
on ballots and surveys.   Yet sometimes the ques-
tion about a test answer sheet, survey, or ballot 
can only be resolved by the evidence in the marks 
themselves.

Huber and Headrick discuss the examination 
of various marks (described as dingbats and icon-
ic symbols) as follows:

What must be scrutinized carefully is the 
consistency between the standards and 
the questioned marks.  If consistency 
does exist the weight of the evidence of 
common authorship may still be dubious.  
If consistency is blatantly absent a 
conclusion of nonidentity or elimination 
may be more demonstrable.2

While answer marks like those studied in this 
project are simple and unlike more complex let-
ters or numerals, they are markings made with 
a writing instrument on paper by human hand.  
They are essentially handwritten forms and, as 
such, are handwriting.  They can be compared 
to simplified and unreadable signatures or to cir-
cular letter designs (for example, an “o” or “O”).  
While each mark is limited in amount, on most 
answer sheets the writer is required to make 
many such marks.  This repetition allows an ex-
aminer to determine whether there is a pattern 
to a writer’s answer marks and the manner and 
extent to which the writer varies his or her mark.

THE STUDY CONDUCTED

For the purpose of examining answer marks by 
different writers, an answer sheet was first de-
signed using a readily-available online form.  The 
answer sheet for the study, prepared using the 
Catpin Bubble Test Generator, has three columns 
and allows for answers to 50 total questions (20 
in each of the first two columns and 10 in the 
third column.   The answer for each question is 
to be marked in one of four ovals.   (See attached 
illustration.)

Each participant was given and asked to com-
plete three answer sheets, marked A, B and C re-
spectively.  For the first (answer sheet A), a set of 
50 questions was created.  The survey was anon-
ymous, although the first ten questions were 
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from the back was useful in determining both the 
shape of the mark and the extent to which the 
mark indented into the paper.

In determining the direction of a stroke form-
ing a mark – a key component of the examina-
tion, the most useful examinations were con-
ducted with transmitted light and high-power 
magnification (over 100X).  In addition, use of a 
transmitted light box with a bright light is neces-
sary.  Typically, pencil graphite will abrade and 
accumulate on the leading edge of paper fibers, 
revealing the direction in which the pencil was 
moving.  While not being entirely analogous, this 
is somewhat akin to wind-driven snow or sand 
piling up along a fence line.  

In order to make an assessment of the stroke 
direction, the examiner needs to examine the 
mark overall as well as in quadrants.  The best 
evidence of stroke direction is often found near 
the edges of the mark rather than in the middle 
where there will usually be numerous overlap-
ping lines.  In addition, the nature of the mark 
being made must be considered.  That is, even 
though a stroke is near the top of an oval, it may 
be at the bottom of a circular movement.  This is 
because, in an attempt to completely fill an oval, 
some writers will make a series of small overlap-
ping circular movements.  There is no assurance 
that the line of separation between the top and 
bottom of a circular stroke forming the mark is 
actually in the middle of the printed oval.  The 
examiner should carefully follow the stroke as 
much as possible and verify the stroke direction 
in several locations within the mark.

On each answer sheet (A, B and C for each par-
ticipant) an examination was conducted to deter-
mine whether the writer had a pattern in making 
answer marks and whether the marks had the 
level of individuality and complexity required to 
make them identifiable as the writing of a single 
person.  Particularly studied were:

1. � the direction of the stroke forming the 
mark (clockwise, counterclockwise, 
a combination of clockwise and 
counterclockwise, or back and forth)

2.  the shape of each mark
3.  the conformity to the printed oval
4. � the presence of spurs or tails extending 

outside the mark
5. � the writing pressure (or how much the 

mark indented into the paper)
6. � the presence of voids within the mark and 

whether there is a pattern to these voids

item.     Again, there should be only one 
mark remaining for each answer grid, but 
there will also be one erased mark for the 
14 entries listed above.

For the third part of the study, the answer marks 
on answer sheet C had already been completed by 
the author, using a pattern of marking answers in 
a sequence of B, C, D, B, C, D, etc.  The partici-
pant was then asked to erase 14 specific marks on 
the answer sheet and change each of these 14 an-
swers to “A.”  These instructions are as follows:

On the answer sheet marked “C” in 
the upper right, the answer marks have 
already been filled in.

The assignment for this part of the study 
is to make changes to the answers for 
certain questions.  That is, erase the mark 
that is in place and currently written for 
items 1, 5, 10, 15, 20, 25, 30, 40, 45, 46, 
47, 48, 49 and 50.  Then in these same 
answers, fill in a new mark to indicate 
that the correct answer is “A.”  Do not 
change any of the other marks on the 
sheet. 

The answer sheets were all printed in color with 
an ink jet printer on 20 lb. white copy paper.  In 
addition to a set of three answer sheets, the par-
ticipants were provided with sharpened No. 2 
pencils with attached erasers.  

EXAMINATION METHODS AND TECH-
NIQUES USED

A macroscopic and microscopic examination was 
conducted of each answer sheet.    Each page was 
examined with grazing light on both front and 
back.  In addition, the pages were examined with 
incident light.  Individual marks were examined 
with grazing light from various angles, reflected 
light, incident light and transmitted light.

For the purpose of determining the direction of 
the stroke forming the mark, examination with 
transmitted light was found to be the most ef-
fective technique.  Each mark was examined mi-
croscopically with transmitted light and at vari-
ous degrees of enlargement from 10X to 140X.  
Generally the higher degree of enlargement was 
the most useful for determining the stroke direc-
tion of the mark, and a lesser degree of enlarge-
ment was more useful for studying the shape of 
the mark.  In addition, examination of the sheet 
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7. � the density of the graphite layer and/or its 
visual appearance

When completing answer sheet A the writer was 
not asked to erase any marks.  However, the pres-
ence of any erasures was noted and the “new” 
marks were examined to determine if they were 
different in any way from the unchanged marks.

On answer sheet B, the page was also exam-
ined to ascertain whether the requested erasures 
and rewriting actually had been done and, if so, 
whether the “new” marks were different in any 
way from the unchanged marks.

On answer sheet C, the page was examined 
to ascertain whether the requested erasures and 
rewriting had been done and, if so, whether the 
“new” marks, which were known to have been 
by a different writer from the “original” marks, 
were significantly different in any way from the 
marks made by the primary writer (in this case, 
the author).  The “new” marks on answer sheet 
C were also compared to the marks by this writer 
on documents A and B to determine their consis-
tency.

THE PARTICIPANTS

Answer sheets were completed by a total of 98 
participants from Houston, Victoria, Rockport, 
and Weimar, Texas, Tulsa, Oklahoma, Bella Vis-
ta, Arkansas, and Columbus, Ohio.  While all 98 
completed page A, some writers did not complete 
either page B or page C of the project.  As a result, 
there were only 94 completed answer sheets for 
section B and 93 completed answer sheets for sec-
tion C.  

The composition and preferences of the 98 par-
ticipants were as follows:

Age 
6 participants were age 14 or under;
10 �participants were between ages 15 

and 24;
25 �participants were between ages 25 

and 34;
57 participants were age 35 or over.

Handedness:
85 were right handed;
11 were left handed;
2 reported being ambidextrous.

Location of writing education:
12 learned to write in Houston, Texas;
21 �learned to write in Texas but not in 

Houston;

58 �learned to write in the United States 
but outside of Texas;

7 �learned to write outside of the United 
States.

Who taught the participant to write:
5 were taught by their fathers;
25 were taught by their mothers;
4 were taught by another relative;
64 were taught at school by a teacher.

Preferred writing style:
33 mostly write in hand printing;
24 mostly write in cursive;
40 �use a combination of hand printing 

and cursive;
1 mostly writes in some other form.

Preferred writing instrument:
22 prefer using a pencil;
59 prefer using a ball point pen;
11 prefer using a fiber tip pen;
6 �prefer using another kind of writing 

instrument.

RESULTS

Stroke Direction

Because six participants made marks with 
straight lines (zig-zag style), these marks had no 
clockwise or counterclockwise direction as such.  
Fourteen participants made marks that often 
varied from oval to straight, were mostly inde-
terminate in direction or varied from clockwise 
to counterclockwise.  In fact, one of these 14 par-
ticipants made marks that were almost evenly di-
vided in direction between clockwise and coun-
terclockwise.  Of the remaining participants, 12 
consistently made marks in a clockwise direc-
tion and 66 consistently made marks in a coun-
terclockwise direction.  Surprisingly, only four of 
the writers who made marks with a clockwise 
stroke were left handed; the other eight were 
right handed.

In some instances, while the mark was vis-
ible, the amount of graphite along the fibers that 
determines stroke direction was quite small.   
Even so, careful examination of the mark in all 
quadrants will usually reveal the direction of the 
stroke.  When this was not effective, the stroke 
direction was considered to be indeterminate.  In-
terestingly, this feature was often found when the 
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writer used heavy pressure in making the mark.  
The use of heavy pressure in these instances may 
have been due to the fact that for some reason the 
pencil point was not marking well.

Shape 

Most of the participants made an answer mark 
that was circular in movement and commonly 
oval in shape.  That is, they made an effort to con-
form to the shape of the printed mark.  A smaller 
number (6) used a pattern of straight lines that 
were vertical, diagonal, or horizontal in nature.  
Twelve participants also varied between straight 

Upper left quadrant of a mark made in the clockwise 
direction.

Upper left quadrant of a mark made in the 
counterclockwise direction.

Straight, diagonal mark.

lines and more circular oval forms, with the oval 
form being predominant for these writers.   

The conformity of the mark to the printed oval

Sixteen participants made erratic marks.  In 
many instances, this feature involved a writer of-
ten extending the mark beyond the edges of the 
printed oval.  However, in one instance, the par-

Circular, oval mark.

ticipant made erratic, “messy” marks that stayed 
well within the oval.

The remainder of the participants made marks 
that typically did not extend beyond the printed 
oval and in fact were consistent in general shape 
and quality.  For the purpose of this determina-
tion, if a writer only extended a mark slightly 
outside the printed line on three or four instances 
within a group of 50 marks, (s)he was not consid-
ered to have a pattern of extending beyond the 
printed line.

Presence of spurs or tails extending outside the 
mark

Fifteen participants were found to have a spur or 
tail within a few marks.  
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sure.  If the mark indented heavily into the paper 
surface, it was designated as heavy pressure. 

Fifty-one of the writers used light to light/
medium pressure in making the answer marks.  
Thirteen of the writers used heavy pressure.  The 
remaining 34 writers used a medium pressure.   

While most writers had some variation in pres-
sure from one mark to the next, they were consis-
tent in the general amount of pressure.  That is, 
if a writer typically made marks with heavy pres-
sure, (s)he may have made a few that were of a 
more moderate pressure but none that were light; 
if a writer typically made marks with very light 
pressure, (s)he may have made a few with slightly 

Marks by one writer whose marks ofter extended 
beyond the printed oval.

Example of a spur or tail on an answer mark.

Light pressure

The Writing Pressure

For this examination, the answer sheet was ex-
amined on the back with grazing light.  If the 
mark almost could not be detected with this ex-
amination, the mark was designated as light pres-

Medium pressure Heavy pressure
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heavier pressure but none that were markedly 
heavy.  

There were two exceptions to this finding.  In 
both instances, the writer made some marks with 
light pressure and others with heavy pressure.  
However, each writer did not vary randomly but 
rather made marks with similar pressure within 
groups or as part of a series (for instance, making 
one column heavy and the next light).

Illustrated above are marks made by a single 
participant on the same answer sheet.  Note the 
used of different pressure in different columns.

Voids within the mark 

In making a mark, some writers left a small area 
uncovered with graphite.  This is sometimes in 
the middle of the mark, along a side, or at the top 
or bottom as a white crescent.  However, none of 
the 98 writers in this project consistently left a 
void in a predictable location or in all or almost 
all of the marks.

Density of the graphite layer and/or its visual 
appearance

For marks made by a single writer, the density 
or darkness of the graphite typically remained 
consistent within one answer sheet.  However, 
on answer sheets C (on which the changed marks 
were by the participant and the unchanged marks 
were by the author), there was sometimes a clear 
difference between the darkness and the sheen of 
the marks made by the two different writers.  

Presence of any other oddities

In examining the answer sheets in this case, one 
instance was found in which the writer made er-
ratic strokes in forming answer marks.  These 
appeared to be a figure 8 design and, while the 
writer’s marks were not entirely made in this 
form, this was the writer’s predominant design.  
No other unusual features were found.

Erasures and new marks made after erasures 
on answer sheets A and B

Surprisingly, while writers were not asked or ex-
pected to erase answer marks on answer sheet 
A, in fact 25 of the 98 participants apparently 
changed their minds and did erase one or more 
answer marks.  That is, they replaced an erased 
mark with a different answer, even though the 

Example of a void area in an answer mark.
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questions being answered required no calcula-
tions or serious consideration.  The number of 
changes made varied from one per answer sheet 
to six per answer sheet, with a total of 48 changes 
being made in these 98 answer sheets.  That is, 
25.5% of the writers made at least one “unso-
licited” erasure, with each of these participants 
changing from 2% to 12% of the answers.  

On answer sheet B, writers were specifical-
ly asked to make marks in 50 ovals, then to go 
back and change the marks on 14 of the answers.  
Ninety-four of the participants completed this 
portion of the project.

In every instance, the “new” answer mark was 
within the range of variation found in the un-
changed answer marks on answer sheets A and B.  
No instance was found in which a fundamental 
change was made to the direction or form of the 
mark from that found in the unchanged marks 
for the same participant.  However, the results 
regarding answer sheet C were dramatically dif-
ferent.

Erasures and new marks made after erasures 
on answer sheet C

On answer sheet C, an answer mark had been 
placed on each line prior to the sheet being pro-
vided to the participants.  These marks were all 
written by the author, and the marks were oval 
in shape, relatively constant in design, and clock-
wise in direction.  On each page, the marks were 
similar in the amount of pressure used to write 
the marks, although there was variation from one 
page to the next.  This particularly reflects the 
fact these sheets were prepared in several groups 
or writing events, with the different groups being 
prepared under different conditions (such as in 
stacks or not, with different pencils, on different 
writing surfaces).  

Once the participant received his or her answer 
sheets, (s)he was asked to erase 14 of the answers 
on sheet C and mark a different answer for each 
of these erased items.  Ninety-three participants 
completed this portion of the project.

In 89 instances, there was at least some differ-
ence between the marks made by the author and 
those made by the study participant (or second 
writer).  Many of the answer sheets had multiple 
differences between the first and second writers.  
These differences are as follows:

On 64 answer sheets for part C (69% of 
those completed), the changed marks were 

counterclockwise while the unchanged 
marks were clockwise in direction; on 
the remaining 29 answer sheets in this 
part of the study, the changed marks 
were clockwise in direction, were 
indeterminate in direction, were a zig-
zag design, or included new marks in 
both clockwise and counterclockwise 
directions.  Essentially, on 69% of the 
answer sheets in this portion of the study, 
the new marks made by the participant 
could be clearly differentiated from 
those written by the author based on a 
fundamental difference in the direction 
of the stroke used to form the mark.  
However, it is important to note that 
this percentage would be significantly 
lower if the original marks had been 
counterclockwise in direction, since the 
more-commonly-used stroke direction in 
making marks is counterclockwise.
On 58 answer sheets (62.4%) the pressure 
in the changed marks was different from 
that in the unchanged marks;
On 17 answer sheets the darkness of the 
marks (that is, the density of the graphite 
and the sheen of the mark) was different 
on the changed marks from that of the 
unchanged marks;
On 16 answer sheets, the shape of the 
changed marks differed from that of the 
unchanged marks;
On 4 answer sheets the size of the 
changed marks differed from that of the 
unchanged marks.

As was noted earlier, it is likely that writing 
pressure and density of the graphite are not en-
tirely independent factors.  Therefore, these two 
characteristics cannot be considered as two sepa-
rate features of equal weight.  In addition, the dif-
ferences in shape and size of the marks found in 
this study were not profound and are supplemen-
tal rather than primary evidence of a different 
writer.  On the other hand, a pattern of difference 
in the direction of the stroke forming an answer 
mark is significant.  

When certain marks on an answer sheet have 
been erased and changed, and the new or changed 
marks are persistently written in the opposite 
stroke direction from the unchanged marks, this 
fundamental difference between changed and un-
changed marks is persuasive evidence of a differ-
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Answer Sheet 9c—Unchanged Mark Clockwise 
Stroke Direction.

Answer Sheet 118C, answer marks 
41–50. The marks in 41–44 are 
original, unchanged marks. Those 
now appearing in 45–50 have been 
changed by a different writer. Note 
the difference in the pressure used by 
the two writers, as seen on the back of 
the page. The entries in red boxes are 
those by the second writer.

ent writer.  The evidence is even more persua-
sive when supplemented by the same pattern of 
differences in pressure, shape, size, darkness or 
some other feature. 

CONCLUSION  

The majority of writers had a pattern and consis-
tency to the manner in which they made answer 

Answer Sheet 9c—Changed Mark Counterclockwise 
Stroke Direction.

Transmitted light photographs show the difference between the stroke direction of the unchanged mark (left) 
and that of the changed mark (right)—marks by two different writers on a single answer sheet.  
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marks in this project.   And when a writer had a 
relatively wide range of variation (and essentially 
followed little if any pattern in making marks), 
it quickly became apparent when examining the 
subtle features of the marks as described above.  

There were certain features that were repeated 
in the marks made by numerous writers. The 
most common pattern in writing these marks 
was a carefully-drawn circular mark written in 
a counterclockwise direction, filling the printed 
oval and only occasionally veering outside the 
printed line.   When comparing answer marks by 
different writers who used this style, there was 
no evidence on which to base an opinion that 
they were in fact by different writers because 
they lack distinctive features.   

None of the marks produced during this study 
had the kind of individuality needed to deter-
mine authorship, to the exclusion of all other 
writers.  On the other hand, in many instances 
there was clear evidence that two sets of answer 
sheets were not by the same writer.   While there 
were often supplemental features such as writing 
pressure, shape,  size, and density or darkness of 
the marks that support a conclusion of a different 
writer on two sets of answer marks, the most sig-
nificant feature that provided strong evidence of 
different writers is a difference in the direction of 
the stroke forming the marks.  When numerous 
changes were made on an answer sheet, and there 
is a pattern of fundamental differences between 
the changed marks and the unchanged marks, the 
evidence of two writers is clear.   As was noted 
by Dan Purdy in Scientific Examination of Ques-
tioned Documents, “if two documents were not 
prepared by the same writer, this can often be 
established by the presence of significant or ir-
reconcilable differences.”3 That is the case with 
answer marks as well.
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