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Abstract

LATEX is a highly expressive authoring language considered to be the lingua franca
of the mathematics community. Yet, until recently, except for a few contributions
concerning long division, it offered very little support for expressing planar layouts
of problems that employ elementary mathematic operations.

We present a highly configurable tool [2] (written in Java) for producing spa-
tial representations of elementary math exercises and worksheets. The available
configurations produce verbatim and tabular forms of exercises and worksheets
in print and Nemeth Braille formats for inclusion in LATEX, MathML, HTML, and
text files. In addition, they ensure Braille output entirely equivalent to mate-
rial prepared in print formats. Our current attention is devoted to the addition,
subtraction, multiplication, division, and root operations.

We are interested in identifying potential users from the LATEX community
with the objective of developing widely acceptable LATEX interfaces for requesting
math exercises and worksheets.

1 General background

The arithmetic tasks of addition, subtraction, mul-
tiplication, division, and square root assume a cen-
tral place in elementary math education. Spatial
arrangements of problems with such operations of-
fer the foundation for applying computational pro-
cedures to instances which involve operands with
large values. Students are expected to acquire flu-
ency with the algorithms involved in dealing with
the representations and understanding of the un-
derlying ideas. To reach this end, they typically
practice the approaches to the point of automatic-
ity. The teachers are required to supply variants of
the problems for the students to drill with.

Printed and written material, in original and
xeroxed forms, as well as exercise program genera-
tors, are readily available to sighted students and
their teachers. When it comes to math in Braille,
outstanding detailed guidelines are available for cre-
ating worksheets of exercises [7, 8] but very few
actual resources for blind students are provided.
The guidelines are legal requirements for Braille to
be produced according to the Braille Authority of

Editor’s note: This material is based upon work supported
by the National Science Foundation under Award No. IIS-
0312487. Any opinions, findings, and conclusions or recom-
mendations expressed in this publication are those of the au-
thor and do not necessarily reflect the views of the National
Science Foundation.

math worksheets 2,110,000
"math worksheets" 276,000
math worksheets Braille 17,600
"math worksheets" Braille 223

Table 1: Number of entries listed for different
searches with Google.

North America standards [4].
Figure 1 exhibits a sample of spatial layouts of

problems provided in the guidelines. On the other
hand, Table 1 shows some data obtained in search-
ing the web for math worksheets. In the case of
Braille, only one of the entries turned out to be rel-
evant: it offered worksheets of arithmetic operations
on numbers of single digits, and got listed in 1999
with a cost quote of $110 per 650 worksheets.

The problem of a lack of mathematical and
scientific content in Braille, and the high cost of
producing such material, are well known. For in-
stance, the American Printing House for the Blind
estimated that, due to a severe shortage of tran-
scribers, only 78 out of the 3000 general textbooks
published in 1999 were available in Braille in Jan-
uary 2000 [11]. Transcribing a single textbook can
take more than six months [11], and may cost up to
$9,500 [6].

A vast amount of scientific content is available

TUGboat, Volume 26 (2005), No. 2 —Proceedings of the 2005 Annual Meeting 135



Nandan Bagchee and Eitan M. Gurari

1 1

254
+176

430

.
•.
...

.
•.
...

.
•
•

.
•
•

.
•
•

.
•
•

.
•
•

.
•
•

.
•
•

.
•
•

.
•
•

.
•
•

.
•
•

.
•
•

.
•
•

...
.
•.
..
•

.
•.
.
•
•

..
•

•.
•

.
•.
...

.
•
•

.
•
•

.
•
•

.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•
•

.
•.
.
•.

..
•

.
•
•

$7.45
10.92

+84.00
$102.37

...
•..

.
•
•

•..
.
•
•

.
•
•

...
•.
•

.
•.
.
•
•

.
•.
..
•

.
•.
...

..
•

.
•
•

...
•.
•

..
•

.
•.

.
•
•

...
..
•

•.
•

.
•
•

..
•

.
•.
.
•
•

...
•.
•

..
•

.
•
•

..
•

.
•
•

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

...
•..

.
•
•

•..
.
•.
...

..
•

.
•
•

.
•
•

...
...
•.
•

.
•.
.
•.

.
•
•

.
•
•

$9.00
+1.00
$10.00

...
•..

.
•
•

•..
..
•

.
•.

...
•.
•

..
•

.
•
•

..
•

.
•
•

..
•

•.
•

.
•.
...

...
•.
•

..
•

.
•
•

..
•

.
•
•

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

...
•..

.
•
•

•..
.
•.
...

..
•

.
•
•

...
•.
•

..
•

.
•
•

..
•

.
•
•

23
×54

92
115
1242

.
•
•

...
.
•.
.
•.

...
•..
•..
..
•

.
•.
..
•

.
•.
.
•
•

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

..
•

.
•.

.
•
•

...
.
•.
...

.
•.
...

.
•.
..
•

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
...

.
•
•

...
.
•.
.
•
•

1704
× 5
8520

.
•.
...

.
•
•

.
•
•

..
•

.
•
•

.
•.
.
•
•

...
•..
•..
..
•

.
•.
..
•

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•
•

..
•

.
•.
..
•

.
•
•

...
..
•

.
•
•

132
×300
39600

.
•.
...

.
•.
.
•.

.
•
•

...
...
•..
•..
..
•

.
•.
.
•.

..
•

.
•
•

..
•

.
•
•

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

..
•

.
•.

.
•
•

.
•.

..
•

.
•
•

..
•

.
•
•

6)636
106

.
•
•

.
•.
•.
•

.
•.

.
•
•

.
•.

.
•.
.
•.

.
•
•

.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
...

..
•

.
•
•

.
•
•

.
•.

5,080.09
18)91,441.62

90
1 44
1 44

1 62
1 62

.
•.
..
•

...
..
•

..
•

.
•
•

.
•
•

..
•

..
•

.
•
•

...
•.
•

..
•

.
•
•

..
•

.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
...

.
•
•

..
•

•.
•

.
•.

..
•

.
•.

.
•.
...

...
..
•

.
•.
.
•
•

.
•.
.
•
•

.
•.
...

...
•.
•

.
•
•

.
•.

.
•
•

...
..
•

.
•.

..
•

.
•
•

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
...

.
•.
.
•
•

.
•.
.
•
•

.
•.
...

.
•.
.
•
•

.
•.
.
•
•

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
...

.
•
•

.
•.

.
•
•

...
.
•.
...

.
•
•

.
•.

.
•
•

...
.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

.
•.
.
•.

Figure 1: Spatial layout of math exercises in Braille.
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(a)

(b)

(c)

(d)

Figure 2: Graphical user interfaces for addition.
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in LATEX, authored either directly with text editors
or indirectly through word processors that export
LATEX. LATEX also seems to be the authoring lan-
guage preferred by visually impaired scientists.

The objective of our work in general is to auto-
mate the production of technical and scientific ma-
terial in Braille, with an emphasis on translating
content available in LATEX. Our current attention
is devoted to the area of producing spatial arrange-
ments for arithmetic exercises.

We introduce a highly configurable utility ded-
icated to this task, capable of producing worksheets
in different forms for general users, while ensuring
an option of Braille output for all supported fea-
tures. We present a graphical user interface (GUI)
of the tool, and exhibit a corresponding XML repre-
sentation for the data to be fed into the tool. Then
we consider LATEX in the role of a user interface for
the tool.

2 Graphical user interfaces

In order to serve a large base of users with differ-
ent needs and preferences, our tool was designed
in a modular manner which allows easy connection
to independent standalone user interfaces. Figure 2
displays GUIs currently provided for the addition
operation. GUIs of a similar nature are also offered
for the other operations.

The GUI of Figure 2(a) lets the user explicitly
introduce the problems to be processed. The GUI of
Figure 2(b) provides the means to request the de-
sirable content and representation for the problems.
In particular, there are options to present the prob-
lems with their results, with intermediate steps, with
the carries produced during the computations, and
a currency sign. The addition sign may be placed in
the same columns as the currency sign, or leftward.
The output may be exported in LATEX, MathML,
text, or Braille format.

A user may request randomly generated prob-
lems satisfying desirable constraints via the GUI

shown in Figure 2(c). The data to be included refers
to the number of problems to be generated, the de-
sirable number of decimal digits, lower and upper
limits on the number of desirable operands, the total
number of digits per operand, and the magnitudes
of the digits. Figure 2(d) shows a GUI for determin-
ing the characteristics involved in typesetting the
problems within the worksheets.

3 System architecture

Two aspects make the system highly configurable:
a modular architecture which gives independent at-
tention to the different functions of the system,

Figure 3: The underlying structure of the system.

and a script-based approach which provides for the
functions to be described within external configura-
tion files instead of being hardwired into the code.
The system consists of four major components (Fig-
ure 3).

The back end of the system employs a script-
based driver, called XTTL, for performing XML

transformations. The driver is offered a library,
called MathExr, of scripts for typesetting exercises
and worksheets. In addition, the library includes a
utility able to compute data for the exercises. The
scripts for handling the different operations are in-
dependent of one another, and they can be sup-
plemented and augmented by additional scripts to
achieve alternative outcomes. The examples of Fig-
ure 1 were obtained with those scripts.

The front end of the system uses a script-based
driver, called SwiForm, for managing the GUIs. The
driver is built as an extension to the SwiXml sys-
tem [10] and is offered a library, called SwiExr, of
scripts that specify the desirable features for the
GUIs. In addition, the library provides scripts and a
utility for binding the front end to the back end, and
for filtering the data communicated between these
ends.

The MathExr scripts are currently tailored to
receive the requests in XML format, and to deliver
the exercises in Braille, HTML, LATEX, MathML, and
plain text formats. The type of the information be-
ing transmitted is fully dependent on MathExr, and
that makes it possible to substitute a given graph-
ical front end for another. A LATEX front end is of
interest for us here.

4 An XML view

The MathExr component takes as input a high level
description of the desirable outcome and processes
it into a detailed account of how the digits, symbols,
and rulers of the exercises are to be placed on a grid.
The input of MathExr in its XML forms is to a large
degree a mirror of the visual format available from
the GUIs.
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<addition xttl="add-tex.xttl"

carry="yes"

steps="yes"

result="yes"

currency="alone">

<operands>

<operand>1</operand>

<operand>23</operand>

</operands>

</addition>

(a)

<multiplication steps="yes"

result="yes"

currency="alone"

xttl="mult-txt.xttl">

<operands>

<operand>1234</operand>

<operand>5</operand>

</operands>

</multiplication>

(b)

<division steps="no"

result="yes"

remainder="yes"

currency="yes"

rulers="full"

xttl="div-brl.xttl" >

<operands>

<operand>1234</operand>

<operand>56</operand>

</operands>

</division>

(c)

<generate xttl="worksheet-generate-tex"

cols="3"

enumerate="decimal"

enumerateBefore="("

enumerateAfter=")"

enumerateStart="1">

<exr type="addition"

howmany="2"

xttl="add-tex"

carry="yes"

steps="yes"

result="yes"

currency="alone">

<minEntries>2</minEntries>

<maxEntries>7</maxEntries>

<low>100</low>

<high>999</high>

<minDigits>1</minDigits>

<maxDigits>3</maxDigits>

<decimals>3</decimals>

</exr>

</generate>

(d)

Figure 4: XML requests for typesetting three types of problems and a worksheet.

Figure 4 contains examples of requests in XML

for single exercises and for a worksheet of exercises.
Each of the examples states the data required for
deriving the outcome and the name of the script
to be applied on the data. For instance, the first
example asks for the script stored in a file named
add-tex.xttl. That script typesets the addition
problem onto a grid and exports the result in a tab-
ular format acceptable to LATEX.

5 A LATEX perspective

The motivation to develop our tool was rooted in
the desire to provide the means to prepare spatial ar-
rangements of math exercises in Braille. The Braille
exercises are to serve mainly blind students attend-
ing mainstream classes populated mostly by sighted
children. To properly serve the blind students, it

is crucial for the Braille exercises to accurately rep-
resent the problems given to the sighted students.
Consequently, we programmed our tool to support
standard print formats as well as Braille, with the
hope of making it a useful tool for preparing work-
sheets in any format. In this way, we can ensure that
the Braille material is entirely equivalent to the ma-
terial in print formats.

LATEX offers to our tool an obvious method
of producing high quality printouts, through style
files that are easy to tailor and modify. In addi-
tion, LATEX also provides our tool with an option
for a natural text-based user interface to request
the exercises. A front end of this kind obviously
enables authors to seamlessly incorporate exercises
and worksheets into documents, and introduces a
friendly authoring environment for those who shy
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away from WYSIWYG platforms. In particular, a
non-WYSIWYG front end for accessing the tool is
obviously crucial to blind users.

A LATEX style file to support the input envi-
ronment can consist of macros that imitate the high
level structures captured by the XML code presented
to MathExr. For instance, the following LATEX-
oriented command expresses the same request as
the XML code of Figure 4(a).

\mathexr[op="addition"
xttl="add"
carry="yes"
steps="yes"
result="yes"
currency="alone"]{1,23}

The implementation of the macros can be quite
straightforward, relying on a process similar to that
for bibliographies and indexes in LATEX. Specifically,
the arguments given to the macros may be written
into a file in XML format, with the expectation that
the file will be processed by MathExr. The exer-
cises produced by MathExr can then be imported
by the macros into the LATEX source in consecutive
compilations.

6 Connecting the dots

We introduced our tool to the public domain at
the TUG 2005 International Typesetting Confer-
ence with the hope of promoting the tool with sup-
port from the LATEX community. In particular, we
looked for potential users and developers, interested
in LATEX interfaces and typesetting criteria for el-
ementary math exercises. In addition, we wished
to connect with potential developers for Braille and
related proofreading fonts.

949
13

)
12345
11700

645
520
125
117

8

Figure 5:
A display by
\longdiv.

Despite the central role
LATEX plays in documenting
mathematical and scientific
content, until recently the
only public support avail-
able for elementary math
exercises was a single macro
by Barbara Beeton and
Donald Arseneau [3]. This
macro uses input interfaces
such as the macro invoca-
tion \longdiv{12345}{13}
and produces output like
that shown in Figure 5.

The situation has changed recently, as a new
LATEX package for typesetting spatial math exer-
cises, named Xlop, was submitted to CTAN [5]. In
spirit, the new package answers our wish for a LATEX

counterpart to our tool. We hope future work on
Xlop and our tool will enrich both utilities with
additional features, and will bridge the differences
between the two utilities to allow to support each
other. In particular, we would like to see Xlop pro-
viding a LATEX extension to our system, and have
our utility offer alternative output formats to Xlop
in general and to include Braille in particular.

We are not aware of any LATEX fonts for Braille.
A substitute through LATEX pictures is available via
a style file [9]. The issue of backward translating
math exercises in Braille to LATEX got some atten-
tion in an experimental system called INSIGHT [1].
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