A prototype application for helping to teach how to read numbers
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Abstract

Nowadays we see several multimedia math applications [1,2] in support of teaching the basic
operations, geometric analysis, algebra and other complex operations; however there’s no math
application for the children at starting school age that helps to teach how to read a number in
Portuguese. The Laboratory for Speech Processing, Electro acoustics, Signals and
Instrumentation (LPF-ESI) at the Faculty of Engineering of the University of Porto (FEUP),
started a project using a text-to-speech (TTS) engine and a Visual Basic multimedia application in
order to fulfil that gap.

A prototype has been produced, called “4 Quinta dos Numeros” (AQN) (The farm of numbers),
that intends to create a bridge between engineering, computer science and pedagogy, using
psycho-pedagogic concepts inherent to the teaching of maths, artificial intelligence, speech/text
processing and multimedia systems, as scientific basis [3]. Developed to help the teacher to
consolidate the student’s knowledge and to support a progressive evaluation of her/his
performance, AQN offers a multimedia interaction with speech synthesis and text boxes. It allows
a greater accessibility at the same time it will offer a wide choice of didactic games, with learning
and evaluation aims.

1 The role of ICT in learning Mathematics

School is changing. Programs, methodologies and attitudes are being renewed. The Information
and Communication Technologies (ICT) are said to be tools, which facilitate the development of
cognitive skills and enhance the power of communication. Specifically, the computer is accepted
as an excellent instrument of education. Papert believes that the computer will provide the learners
with the “materials” they need to build their knowledge in a constructive perspective, enhancing
their autonomy and enriching the context where such construction evolves [4][5][6][7][8]. The
National Council of Teachers of Mathematics [9] also points out as a pedagogic purpose the need
of the curriculum from the 1* to the 4™ school year to allow the appropriate and progressive use of
technologic materials, namely the computers. The thoughtful and creative use of technologies can
improve both the quality of the curriculum and the quality of the learning. That organisation also
mentions that simulations of mathematic ideas in the computer can be an important help for
children to identify the fundamental issues of mathematics. In fact, this association as well as
many researchers [4][6] among others strongly believe that a significant way of improving the
students’ involvement in learning Mathematics is to use the computer as a mean of encouraging
them to do research, explore mathematic ideas and to make use of mathematic relations in
different contexts.



Fernandes [10] also supports that the learning context of the first cycle of basic school is
favourable to the use of the computer as a work instrument, therefore, through suitable software, it
is possible to promote the acquisition and the consolidation of concepts, as well as the
development of the skill to solve problems. The mathematic reform implemented in the United
States was significantly influenced by technology, which changed the way of “doing” elementary
mathematics. All shows that an approach of Mathematics based on the computer leads to a better
understanding of mathematic ideas and releases time for the development of new concepts.

2 Application features and requirements

The main concept explored in AQN is the simultaneous integration of the three media: text,
graphics/animation and sound/speech. This allows the student to try and practice the in-full
reading of numbers, and to play in free activities while performing evaluation.

The reading of numbers develops in a bi-directional structure of numeric categories and their
readings, associated with graphic representation, animation and speech synthesis, with a clear
correlation between text and numeric representation. A wide range of number types is available,
for instance, cardinal, ordinal, roman, scientific, dates, phone numbers, and many other types of
numbers. For the moment only cardinal and ordinal types are implemented into activities/games.

2.1 Visual Design and Interfaces

AQN is designed with a maximum resolution of 640x480 pixels, using only 256 colours
(Windows palette) and Windows default fonts, allowing a good portability between different
systems and equipments.
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Figure 1: Screenshots from AQN. The first image shows the welcome screen, the second image
illustrates the scenario where the children choose their school grade, and the third image shows
where the children choose their animal companion that will guide them through the application.

In a design thought also in environmental terms, the student can travel through several farm-like
scenarios, made of pictures with dynamic icons. These elements were created with the purpose of
approaching children’s universe (animals, fairy tales and objects from the classroom). Several
animations and hidden elements were placed along the scenarios, providing a few surprises. The
navigation is provided by menus and icons, the input devices are the keyboard and mouse. The
practical and simple interface of AQN, based on pictographic animated icons and various sound
events, allows this application to be used either as a didactic product integrated in school classes
or as a self-learning product elsewhere. Figure 1 and 2 shows some scenarios from AQN.



2.2 Accessibility features

AQN is a disguised interface based on Visual Basic, with soft animations, not aggressive colours
and intuitive sounds. All the buttons/icons have tool tip text. Messages to the user are of two
types: static and dynamic. Static messages are reproduced by playing pre-recorded human voice
(wave files). Dynamic messages are reproduced with the help of a Text-to-Speech (TTS) engine
with a european portuguese grammar. All the numbers categories are marked up with LPF-ESI’s
mark-up language called TPML that identifies the type of number and directs the TTS’s text
converter in the conversion’s decision.
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Figure 2: Screenshots from AQN. The first image shows AQN’s Talking Calculator, the second
image illustrates an example game before start playing it, and the third image shows the resulting
messages and icons after playing a game.

The combination of text, graphics and speech, enables a much stronger interaction and
comprehensive teaching for the student, since she/he watches and listens to the number in
question, relating the object and characters to the specific sounds. The capability of a TTS engine,
also allows an extraordinary interactivity and comfort. When the student input’s her or his name,
the application will speak a greeting sentence including the entered name. That’s found a warmer
reception and is gratifying for the student.

2.3 Application requirements

AQN has the following requirements: 256 colours minimum, screen resolution of 640x480,
Windows 95 to XP, nearly 25MB on hard disk, at least 32MB RAM, soundcard, speakers,
keyboard and mouse. Visual Basic runtime files and Microsoft Speech API runtime files are
provide at the AQN’s installation.

3 Usability/Accessibility Evaluation and Results

A few preliminary tests were already made. AQN was tested with a group of students with ages
between 5 and 7 years old enrolling the 1% and 2™ year of primary school. The tests were
performed individually as well as in group. Some of the students had there the first contact with a
computer. Each test consisted in a free experimentation phase followed by a questionnaire and a



task. The duration of each test was about 15 minutes. The application was evaluated in 3 different
aspects: design and interface, text-to-speech evaluation and subjective opinion and evaluation.

3.1 Design and Interface

A few questions were made with the intention to evaluate visual perception and memory,
navigation, animations, pictographic icons and spatial organization. The majority of the users
collected the main visual information of the application (menus, titles and animations). A few
problems were found with navigation between screens, mainly because the use of a few non
intuitive icons. The selective learning options menu was found very confusing by the users. The
“choosing favourite animal” screen was found very simple to understand and very intuitive to
choose an animal and continue to the next screen. The main theme of a farm was enjoyable to the
children. Some visual and audio elements were concealed in the scenarios. A few users found this
disturbing at the first impression.

3.2 Text-to-Speech evaluation

The use of a TTS engine proved to be a valuable tool to improve the accessibility features and
comprehension of the application, especially if the student has reading difficulties. However, we
have found that good students with a good reading capability tend to almost ignore the TTS
messages.

A few tests were made to evaluate the perception of the TTS voice. Most of the students were able
to understand the text-to-speech engine; however the adaptation to the voice was fully visible only
at the second or third experience during the application games. One of the features of the TTS is
speaking the user’s chosen name. This was found very rewarding to the children.

3.3 Subjective opinion and evaluation

In a scale of 1 to 4 (bad, normal, good, very good), AQN was evaluated in average by the children
asa3.

All users enjoyed very much the application’s calculator and the animals present on the scenarios.
The game was found very intuitive and the TTS was found a helpful tool. However the TTS
engine was found a little difficult to understand at the first time it is heard.

4 Conclusions and future trends of work

The accessibility of information was one of our prime aims, and the use of a TTS engine was a
great tool to accomplish this requirement.

This application, if using a different interface but the same approach, could be used in other
situations such as: Portuguese number’s teaching for blind students (with the help of a Braille-
output), for foreign persons or teaching older people (night-school). It could even be used as a
kind of speech dictionary for numbers.

The immediate goal is to overcome some of the criticised aspects and test again the application
with real users and also to evaluate its added value in the teaching activity. The extension to other
types of numbers and operations is also envisaged. User customization also needs to be
incorporated in the application. AQN will also provide a basic expert system that will try to
understand the student’s progress on the proposed exercises, detecting difficult levels and
advising. Also, the teacher or pedagogic responsible, will be able to access the application’s
records for control, supervision and evaluation of the student’s progress.



The text-to-speech engine and the basic expert system that guides and evaluates the student
knowledge, combined with the inherent pedagogic aspects, make AQN an interesting application
in its area, and a tool to consider.
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