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Abstract

One of the problems during the education and work of blind and visually impaired people is computing values of mathematical expressions. Lack of suitable talking scientific calculators is widely present in countries with non-English speaking population. The major goal of this paper is to show the results of the search for talking scientific calculators that have multi-language support. Another goal is to highlight appropriate solutions to the problem stated and to give engineers guidelines for future designs. The search was performed mainly using Internet resources.
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1. Introduction
Education process of blind and visually impaired people differs from the one of the people with normal vision. According to the literature [1], specialized skills that visually impaired children must learn include: 

· Technology and computer proficiency - using computer and telecommunication equipment and software adapted for blind or visually impaired people. 

· Literacy - reading and writing with Braille, large print, optical devices, or training in effective use of available vision. 

· Safe and independent mobility - using specific orientation and mobility techniques, long canes, or other mobility tools. 

· Social interaction skills - understanding body language and other visual concepts.

· Personal management and independent living skills - learning specialized techniques for personal grooming, food preparation, money management, and other tasks. 

One specific problem during the education of blind and visually impaired youth is computing values of mathematical expressions. This problem is due to the lack of appropriate talking scientific calculators, and is widely present in countries with non-English speaking population. Consequently, the whole spectrum of the mathematical intelligence of blind people is not developed adequate as the mathematical intelligence of the others.
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Our task was to search Internet for information about talking calculators that support non-English languages. This paper presents the results of the search. The major goal was to find talking calculator that can be easily modified for any world language. Another purpose of this paper is to highlight some useful features and problems of existing solutions, and give some ideas to engineers of what can be done in future. Structure of the of this paper conforms IEEE recommendations for presenting research results [2] [3].

2. Classification 
The search was performed in two steps:

· using search engines (AltaVista, Yahoo, and similar) for locating relevant institutions and products

· contacting representatives of various organizations and companies via email

2.1. Criteria For Classification
· Functionality of the calculator was the main criterion for classification. Number and type of mathematical operations and functions available to user is taken in consideration.  

· Multi-language support - calculators may or may not have an option for various languages. Some units have built-in selection of languages and some are equipped with specific language module on demand.

· Realization - using this criterion we distinguish software calculators for personal computers, stand-alone calculators and calculators incorporated with other accessories for blind people.

· Price - the last, but not the least criterion. This parameter is usually the most important one and is very closely coupled with other criteria for classification.

2.2. List Of Classes

Using the classification criteria described in previous section on the acquired information, existing talking calculators have been divided in five distinct groups: 
· Simple talking calculators 
· Scientific talking calculators in English language only 
· Scientific talking calculators in multiple languages
· Talking calculators included in personal organizers
· Talking calculator software for personal computers
2.3. 
List Of Examples For Each Class

In this section are presented some of the examples for each class. This list is not intended to be a complete listing of what we have found on Internet, nor is it intended to be an endorsement of the actual products and manufacturers. Discussion of every example may be found in section 3.

2.3.1. Simple Talking Calculators 
This is the most numerous and the cheapest group of talking calculators. Most of the units in this group are calculators with four basic math operations and  square root or percentage calculation. Very small number of units is available in languages other than English. Prices are typically less than 30 US$. Examples from this group are:

· Ultmost Talking Calculator [4]

· Desk-Top Talking Calculator [4]
2.3.2. Scientific Talking Calculators In English Language Only
This group consists of calculators with advanced mathematical functions (sin, cos, tan, N!, ln, e^x, log, and more), with or without possibilities for programming. Common characteristic of these units is that they do not offer multi-language support. Prices vary from 400 US$ to 1000 US$. Examples from this class are:

· TI Talking Programmable Scientific Calculator [5]

· Audiocalc Scientific Calculator [5]
2.3.3. Scientific Talking Calculators In Multiple Languages
These units offer almost the same features as the ones from previous group, in addition to multi-language support. Manufacturers offer versions for major world languages only. This group is probably the most promising one, when looking for a specific language, even if it is not in the current offer. Some manufacturers may be ready to make necessary modifications, if an official organization contact them directly. This class is represented by following examples: 

· Talking Scientific Calculator DE24 [6]

· Handy Tech Galaxy Speech [7]
2.3.4. Talking Personal Organizers
Personal organizers for blind people are complex multifunctional devices. Some of their features include voice note-takers, speech synthesizer, Braille displays and printers. Among many functions they can perform is usually a talking calculator. Some organizers have multi-language option, but for limited selection of languages only. Devices in this group are not suitable for schools, but for personal use only, and because of their high price (from 1000 US$ and more), not everyone can afford them. Products from this group are:

· Braille Lite [8]

· TeleSensory BrailleMate 2 [9]

2.3.5. Software For Personal Computers
This group has the greatest potential of all stated here, concerning the  education of blind people. Due to drop of prices, personal computers are now becoming affordable to more people. Various software and hardware products are being developed for blind and visually impaired people. Existing software solutions are much easier to adapt to special requirements, then stand-alone hardware units. The main problem with systems in this group is portability, as they are often running on a desktop personal computers. Examples from this group are:

· SmartSum [10]
· NFB calculator program [11]

3. Discussion Of Examples

3.1. Simple Talking Calculators 

Ultmost Handheld Talking Calculator [4] is an example of a simple calculator with basic arithmetical operations. It is available in two versions - English and Spanish. This unit also features adjustable volume and talking speed. It has "repeat" button which is very useful when user may be distracted by environmental noise. Large case dimensions (200x90mm) indicates that this calculator has enlarged keyboard which is very important for blind users. Other features include 8 digit LCD display and auto shut-off for power saving. Price is about 10 US$.
Desk-Top Talking Calculator [4] has very large 
8-digit display for low-vision users. In addition to basic arithmetical operations, there is a memory register for storing results.  Speech can be controlled via repeat button and volume adjustment. Audio result may be given in either units or by digit. Reading results using units instead single digits is better solution when calculating large numbers, however, being able to select between two options is the best solution. Calculator has auto power shut-off feature. Case measures 175x130mm. Unit sells for around 13 US$.

3.2. Scientific Talking Calculators In 
English Language Only
Texas Instruments Talking Programmable Scientific Calculator [5] This unit is the only programmable talking calculator found on Internet. Having this feature puts this calculator in front of the others, but how efficiently it may be used is another issue. Calculator has broad statistical, business and scientific capability and numbers are represented using engineering and scientific notation. It is interesting to note that unit does not announce with key stroke. This may not be always the best solution because typing errors may not be detected immediately. Price of this calculator is around 700 US$.
Audiocalc Scientific Calculator [5] is made in two versions - scientific, and scientific plus business. It performs 15 scientific functions and speaks keys as they are pressed. Some of its capabilities include regular math, trigonometry, transcendental function and chronometer functions. Learning methodology allows user to find function keys without interrupting calculations in progress. Audiocalc also has a waterproof keyboard for increased durability. Unit sells for about 600 US$. 

3.3. Scientific Talking Calculators In Multiple Languages

Talking Scientific Calculator DE24 [6] Housed in a sloping desktop case DE24 utilizes a custom-made 40-key tactile keypad membrane. High color-contrast tactile markings have been used throughout making the unit suitable for partially sighted users. A "learn" mode, which can be used during calculations,  helps user find specific buttons on keyboard. The calculator employs high quality natural speech output (with adjustable volume) and comes with a set of headphones for quiet operation. This is very important in schools and similar environments where two or more persons share the same room. A charger is included which plugs into the calculator for an overnight charge or for immediate usage. An RS232 serial cable is also provided for connection to a suitable computer COM port or to a suitable printer. Serial port support makes this calculator open for more complex applications in future. 
Along with basic operations and common scientific functions, this calculator also supports a set of common statistical functions. General dimensions of the unit are 190x140x45mm, weight is 520g. The calculator is available in several languages to order. Manufacturing company is prepared to make support for most languages. Initial cost for necessary modifications is between 800 and 1700 US$. Price per unit is about 400 US$.

Handy Tech Galaxy Speech [7] is a scientific calculator with natural voice speech output. Numerical data on the display panel can be spoken digit by digit or as a complete number. The Galaxy Speech speaks all key functions and these announcements can be repeated. Galaxy Speech also has a built-in clock and alarm function. The volume can be adjusted using knobs. Unit has built-in loudspeaker and headphone socket. This calculator is also available with 10 cell Braille display. This unit supports basic arithmetical operations, common scientific and statistic functions. Case dimensions are 220x125x35mm, weight is 600 g. Language options include German, English, French, Italian, Dutch, Spanish, Swedish and Swabian German.

3.4. Talking Personal Organizers

Braille Lite [8] is so named because it is one of the smallest, most lightweight refreshable 18-cell, 8-dot Braille display available today. This unit has following features: Braille keyboard and simple command structure, fully adjustable speech synthesizer (rate of speech, volume, pitch and tone), storage for 800 pages of Braille in up to 77 files, grade 2 Braille back translator for print output, talking clock, calendar and telephone directory, word processing capabilities (including spell check), talking scientific calculator and stopwatch, one-handed operation mode, serial and parallel ports for interfacing. This device is available in 11 languages - Czech, Danish, English, French, German, Italian, Japanese, Korean, Polish, Portuguese and Spanish. Price of Braille Lite is somewhere around 3500 US$. Other versions of this unit without Braille display and with different keyboard types are also available. Prices for various models start at 1300 US$. Although this unit can perform many tasks very successfully, some users have been disappointed with the scientific calculator. According to the resources [5], some significant bugs have been reported. These bugs will probably be corrected in future versions.
Telesensory BrailleMate 2 [9] is a hand-held, battery-operated, speech synthesizer/Braille notetaker which can be used independently or with a DOS compatible computer. BrailleMate 2 features an integrated Braille keyboard, one 8-dot Braille cell for reading or editing, a built-in speech synthesizer and 2 Mb of non-volatile flash memory for storing important data. Only one Braille cell display cuts down the cost of the unit and still allows users to tactually "see" their work. Built-in software includes a word processor, calculator, telephone/address book and appointment calendar. Model BrailleMate 2+2 adds an additional 2 Mb of flash memory.

3.5. Software For Personal Computers
SmartSum [10] is a Windows based implementation of an adding machine/printing calculator. This program is not specially designed for blind users. It is a good example of talking software adaptability to different languages. Even novice computer user can perform necessary modifications by replacing existing sample files with the new ones. Calculator features basic arithmetical calculations, square root and tax calculations. It also supports macro commands. Price for registration of this shareware program is 35 US$.
NFB Calculator Program [11] was written by 
Dr. Abraham Nemeth, inventor of Nemeth code for Mathematics and Science Notation [12]. This program does not itself talk, but it can be used with screen reading software. Runs as a stand-alone program or as a pop-up (TSR) utility on MS DOS computers. Language options depend on no screen reading software. Price is 40 US$.
4. Conclusion
Out of all devices found on Internet, only one talking calculator - DE24  [6], was able to satisfy our basic requirement - support for any world language. Direct contact with other manufacturers did not give expected results. Reasons for this are probably in the small market economy. Value of existing talking calculators, without any modifications, in our country and in most countries whose mother tongue is not English is minimal.

During construction of equipment for people with any kind of disability, engineer must be aware of all their problems and needs in order to find suitable solution. In case of talking scientific calculator as a stand-alone unit designer should consider following concepts.

· Set of mathematical functions should be carefully selected. One possible solution is to find common functions for various existing scientific calculators and implement them. Any additional functions may be added if necessary.

· Keyboard may be enlarged, but this is not vital since blind people are generally good in tactile operations. Tactile markings are strongly recommended. High contrast buttons are suitable for low-vision users. "Learn" mode must be available in such way that user does not have to interrupt calculation in progress. Calculator should be able to announce with every key stroke. "Repeat" button for repeated announcing of last calculated result is required. Good keyboard design allows user to access all functions with one hand.

· Speech synthesizer must have volume control. Speed and pitch adjustment may also be included. Small built-in speaker is required and headphone plug is optional. Sound sample bank should be organized in such way that speaking language can be changed with a replacement of a single chip. Reporting the results by number is acceptable but distinctive announcement of units is recommended especially in case of large numbers. Both engineering and scientific notation of numbers should be supported.

· Display is optional and may be with enlarged digits or Braille. Price of Braille display is highly significant for the cost of whole device, and is in direct relation with the number of Braille cells. 

· Input/output ports are optional but may be very useful for connecting to printers, computers and other devices.

· Power supply. Since speech synthesis consumes significant power, batteries with large capacity must be used. Built-in charger with rechargeable batteries may be acceptable solution to power consumption problem.
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Figure 4.1 - Proposed shematics of talking scientific calculator 
CC - calculator core is the part responsible for mathematical calculations and comumunication with other devices in system. It may be designed as a single chip or with standard microcontroller and necessery circuits. KBD - keyboard with enlarged keys and tactile markings acts as standard input device. SSYN - speech synthesizer generates audio output. This part contains replacable PROM with sound samples. DISP (optional) - display may be with enlarged digits or Braille display. I/O (optional) - communication ports are used for connection with external devices (printers, computers and similar).

The future of talking scientific calculators and similar accessories probably lies in developing software for personal computers and specialized I/O devices for people with disabilities. Every year computers are becoming more powerful and smaller in dimensions and as a result of massive production their prices are dropping rapidly. On the other hand, standalone talking scientific calculators are not produced in as large quantities as computers and therefore their prices are not expected to drop significantly. Still, at the present time they may prove to be better solution, if their use requires portability.
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