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ABSTRACT
.

A computer-based prototype system with which beginning readers can practice
the correspondences between letters and sounds is described. Both the choice
of hardware components (i.e. digital speech output, touch-input) and the
design of the software is discussed. Some preliminary results of field tests
are presented and future developments are discussed.
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INTRODUCTION

It is generally acknowledged that learning how graphemes map onto phonemes is
an important component of learning to read. Although the knowledge of letter
sound correspondences does not by itself guarantee competent reading behaviour,
it is considered to be important for learning to read alphabetical writing.
Letter sound knowledge by itself may not be sufficient to move a child into
effective printed word learning, but the task to process and remember corres
pondences between pronunciations and spellings may be facilitated significant
ly if pupils possess letter sound knowledge (Samuels, 1972). Ensuring that a
child learns about these correspondences seems therefore to be a worthwhile
instructional objective. Most curricula for teaching initial reading in The
Netherlands emphasize learning the letter-sound correspondences. In order to
achieve fluency in associating letters and sounds, there is often need for ex
tended practice and instruction, especially for low-achieving pupils. The time
available for reading instruction and teacher-directed practice is, however,
for practical reasons necessarily limited. As a solution for this problem, the
present paper explores the possibilities of a computer-based system for pro
viding relatively independent practice in associating letters and sounds.

°The research reported here is supported by funds of the Netherlands Ministry
of Education and Science.
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SPECIAL REQUIREMENTS FOR OUTPUT AND INPlIT

Under what conditions can computers be incorporated into the process of teach
ing children to read? Considering the small microcomputer systems most popular
in schools today, the answer to this question will probably be "none". The
microcomputers readily available are not well adapted for this purpose. Most
important caveats are: poor-quality screen characters, no audio output capa
bility, and only keyboard input. Our solutions to these three problems are:

1. The video screen normally displays its output in dot matrix form. The small
matrix characters are often difficult to read, especially for novice readers.
In most cases, a solution to this problem requires no additional hardware.
Using software capabilities for bit mapped graphics, it is possible to enlarge
the letters and to create clear and distinct forms. In our application an al
phabet was created that closely resembles the type font children are confronted
with in their books at school. Figure 1 shows some examples of the enlarged
character set compared to the standard screen output on a 9 inch monitor.
wnile in the micro used here (Hewlett Packard HP-150) letters are normally pre
sented in matrices of 7 by 10 pixels, in the new font type the character width
varied from 16 (i) to 71 (m) pixels, and height varied from 39 to 65 dots.

aa
00

p
p

r
r

enlarged

standard

Fig. 1. Some examples of the enlarged and standard character set.

~. A program for practising letter-sound relations will most often be used by
pupils who are not yet able to read, and screen-based instruction should there
fore be avoided. In particular, children who have trouble in reading may not
easily be able to understand instructions presented via screen messages. Voice
output seems to be a necessary alternative to the standard video screen in CAl
applications for beginning readers. The feasability of introducing voice tech
nology in educational software has recently increased rapidly. A variety of
possible forms of voice output are now easily and cheaply available. Methods
vary in terms of storage requirements, complexity of coding and decoding, and
quality of reproduced speech. The choice of speech storage and reproduction
techniques obviously depends on the requirements of a particular application.
If storage volume is limited and no high quality of speech is needed, a flexi
ble rule-driven text-to-speech synthesizer might be a good solution. In case
of fairly predictable and lenghty messages an inferior speech quality is often
adequate. If, however, inexperienced listeners are involved, and the fine de
tails of the message are important, a higher quality of speech is required.
Voice synthesized from prerecorded digitized speech can be quite high in quali
ty, but intelligibility strongly depends on the technique of coding. One way of
achieving compact coding of speech is by using Linear Predictive r,oding (LPC).
In LPC, digitized speech is converted to a limited set of relevant speech para
meters. In order to regenerate speech, these parameters are sent to a synthesi
zer. In general, LPC can offer quite acceptable and intelligible speech, espe
cially when speech sounds are presented in context-giving sentences. It was
therefore decided that in the particular application of a system for practising
letter-sound associations, all instructional and evaluative sentences could ad-
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equately be presented using LPC. Eighteen different instructions were recorded
and analyzed with the IPQ speech analysis and resynthesis system (Vogten, 1985).
The storage requirements for these sentences (about 38 sec in real-time) were
about 10 kbytes in total. These speech data were used for controlling the
Philips speech synthesizer ~ffiA8000 whenever during the interactive program
some message or a comment was needed (some examples are given later). In pre
liminary research on the intelligibility of utterances presented in isolation
to 6, and 7-year-old children, we found that for isolated sounds a very high
quality speech reproduction is required. To obtain clearly intelligible letter
sounds a straightforward digitising of the speech signal should be used, with
no compression at all. Fifty letter sounds (including some dialectic variants)
were recorded, sampled at 10 kHz, digitized through a 12-bit ADC, converted to
8-bit data, and progra~med into 32-Kbyte EPROMs. The letter sounds could be
played back in real time at 10 kHz through a P-bit Digital Analog Converter.

1. If children cannot read well, they probably cannot type well too. Therefore
if possible, the keyboard as an input device should be bypassed. We would have
liked to allow the pupil to respond by simply speaking. Unfortunately, speech
recognition technology is not sufficiently advanced for this to be a practical
solution. Alternative input devices, such as a light-pen, a paddle, a mouse, or
a touch-screen, can also eliminate the need for using a keyboard. Pilot work in
our laboratory indicated that a touch screen would be preferred by young child
ren, enabling them easy access to the computer. Obviously, pointing is a very
natural way of selection. In the application described here, a HP-150 micro
computer was used, which has a touch screen fully integrated with the system.
Infrared light beams form a matrix across the face of the monitor. When the
screen is touched, the light beams are broken and the X-Y coordinates of that
interruption are used to determine the position of the finger on the screen.
A touch screen permits children to make a direct selection of the alternative
answers presented on screen.

COURSEl-1ARE RE()UIREMENTS

Within the instructional domain of lnitial reading, it is not likely that the
computer will ever be used for delivery of complete curricula. Instead, modern
technology can provide instructional tools to support a teacher-directed curri
culum. Initial introduction and specific tutorial instruction will probably be
given by the teacher her or himself. An electronic aid for practising letter
sound associations should therefore be designed to be supplementary to regular
teaching activities. As in the Stanford reading curricula (Fletcher, 1979),
the primary objective of the present program was not to impart new knowledge,
but to present beginning readers an opportunity to practice extensively using
material they have already encountered, i.e. to further develop accuracy and
proficiency in the skill of matching letters and sounds already introduced.
The selection and ordering of letters and 1etterclusters was for this reason
directly related to the content of the reading method used in the classrooms
(Caesar, lQ80). In Table 1 the 36 letters (clusters) that are successively
treated in the program, are listed with their corresponding phonemic values.
The teacher was allowed to (de)limit the set of letters to be practised accord
ing to progress in classroom instructions.
Next to the requirement of compatibility of learning material with the regular
curriculum was the requirement to free the teacher of constant supervision of
individual children working with the computer. Bence, the system should allow
that a child works independently with the computer and should enable the stu
dent to engage in an interactive learning environment without the constant
presence, assistance, and encouragement of the teacher. In the software design,
therefore, care was taken that at all appropriate moments the computer would
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TABLE 1 The Letter-Sound Associations Used in the Program.

1 r Irl 7 b Ibl 13 i III 19 z Izl 25 h Ihl 31 ou laul
2 s 151 8 V Ivl 14 g IXI 20 0 10 1 26 j Ijl 32 sah IsXI
3 m Iml 9 k Ikl 15 w /VI 21 a Ia! 27 ij I£il 33 eu 1$1
4 1, III 10 aa lal 16 u lrel 22 ie Iii 28 oe lui 34 ei I£il
5 P Ipl 11 00 101 17 e 1£1 23 n Inl 29 ui IAYI 35 au laul
6 t ItI 12 ee lei 18 d Idl 24 f If I 30 uu lyl 36 ah Ixl

tell the pupil what to do by giving instructions and evaluative feedback. More
over, since the spoken instructions were delivered by earphones, the interac
tions were individualized and did not interrupt other classroom activities. The
18 different spoken directives and comments were resynthesized whenever needed
or appropriate during the practice sesions. An individual session could be
started by inserting a personal 3.5" microdisc in the discdrive and pointing
to a sketch of a door drawn at the screen (audio was available too: "If you
want to start, then point to the door"). The general format of the learning
procedure consists of the presentation of 5 or 7 letters at (pseudo-)random
positions on the screen and asking the child to point to one of them (e.g.
"Point to the ••• Ir/"). This request is available in three versions to avoid
monotony. When the pupil points to a position of the screen where no letter
(cluster) is drawn, a warning follows accordingly ("There is nothing here").
If the correct letter is selected a confirmative comment is given C'Correct"
or "You've done well") and the lettersound is repeated ("This is a ... Irl").
If the pupil makes an error, the comment is: "No, this is a ... Im/" (again
in several versions). Thus, in all cases the system provides adequate feedback
immediately after the child makes a pointing response. After a short pause,
the next trial starts with the presentation of a new set of letters and asking
for selection of another letter. During one session a maximum of 60 consecutive
trials for one student is possible. By keeping extensive records of individual
performance (saved on personal discs), it was possible to construct a model of
what each student knows and to make instructional decisions based on students
responses. According to the view that letters less well known should get more
practice, at any given point the letter-sound association to be practiced
(target letter) could be selected on basis of previous performance. Similarly,
in order to prevent frustration and to maintain good temper, if a pupil makes
a number of errors in succession a target is presented which is very likely to
be responded to correctly as indicated by past performances. When a given se
lection of letter-sound relations is fully mastered, as should be determined
by examining performance data, the program can automatically move to a next
set of letters, or end the session. A session also stops automatically when
three errors are made in succession or when no response is given on four con
secutive trials. Teachers were allowed to break the session any time.
In order to determine which target letter should be presented and whether a
mastery criterion is reached for a given letter-sound relation, a simple para
meter was computed. For a given learner this parameter was calculated for each
letter and updated after a trial was completed. The learning criterion parame
ter was based on a revised "incremental learning model": this parameter is in
creased by a constant amount for each correct answer, but reduced by a constant
when an error occurs. It was possible by the teacher to obtain for each child a
list of learning parameters for each pair of letter and sound (ranging from 0.0
to 1.0). Teachers were explained that an arbitrary chosen value of 0.8 could
be taken to he the mastery criterion. Thus, teachers were allowed to check in
dividual performances at any time. In order to further facilitate integration
of the use of this practice program within the regular teaching activities,
teachers were also permitted to predetermine the range of letters to be practi
sed for each student and make changes whenever they feel it to be beneficial
for that particular pupil.



-5-

so~m PRELIMINARY RESl~TS AND DISCUSSION

No data are yet available to determine the overall effectiveness of this newly
developed educational aid. Nevertheless, results of preliminary field tests in
dicate that the basic concept is valid and promising. Both children, a total
number of 81 beginning readers from three different elementary schools did use
the apparatus for several weeks, and the teachers were rather enthusiastic.
Perhaps the most frequent positive comment was the possibility to practice in
dependently. During the two or three sessions in which they participated, all
children really enjoyed working with this electronic aid. Although first expe
riences indicate that the present system, using speech output and immediate
feedback. tends to be intrinsically motivating. it remains to be seen whether
this would be maintained in everyday classroom situations.
At least two relatively unique aspects of the system deserve some discussion.
Firstly, a touch-screen as an easy-to-use alternative to the traditional key
board seem to exhibite a number of advantages. Indeed, without any further in
struction, all children immediately understood that they could use their fore
finger to make their choices. They seemed to like this direct way of interac
tion very much. One might ask how accurate children can manually designate
points on a display or whether there are directional response biases in touch
input. Such information may be important for formatting input-areas in future
work. Of course. the present task does not require relatively high resolution.
The display area of each character was at least as large as children's fingertip.
Moreover. the touch-sensitive area was programmed for each letter separately and
includes extra space on all sides. In these conditions, it was found that of a
total of 7,183 responses only 2.7 percent pointing errors occurred. The number of
times children pointed to an area where no letter was displayed is negligible.
Further analysis of the data revealed that generally the subjects touched right
at the centre of the displayed letter(-cluster). Only a slight tendency was found
to point at the upper left of the centre. No effects were found of relative posi
tion of the targets on the screen. In sum, since it requires no training or expe
rience at all and error rate could easily be kept rather low by judiciously spac
ing items and touch-sensitive areas, it should be concluded that a touch screen
is a preferable device for young children to indicate their choices.
Secondly, the children unanimously and vociferously appreciated the fact that in
structions and comments were spoken to them by the apparatus. The synthesized
sentences or messages appeared to be all quite intelligible; no misunderstandings
or complaints about quality were reported. As far as messages are of reasonable
length and are fairly predictable, coded speech regenerated by a computer seems
to be quite suitable for use with CAl. Although they were digitized without data
compression in order to obtain high quality of speech, the sounds of letters
appeared to cause some trouble. The overall frequency of confusions was about
5 per cent. Especially some consonant phonemes were apparently hard for the com
puter to reproduce faithfully and also hard for the children to distinguish.
Since at a given trial nontarget letters were randomly selected irrespective of
their similarity to the target lettersound, unfortunately no balanced confusion
matrix could be constructed. Tabulation of confusions, however, clearly indicated
that /p/, Itl, and Ib/. and It/. If I and lsi are among the sounds that are diffi
cult to distinguish. These phonemes, of course, differ only by one or few distinc
tive features and are often hard to distinguish in natural speech too, at least
when presented in isolation. In instructing young children about symbol-sound cor
respondences, teachers often make deliberate use of mouthing cues to demonstrate
differences between sounds. It is obviously rather difficult to provide such
articulatory prompts by a computer system. Solutions therefore may in future
developments be sought in further improving sound quality e.g. by using advanced
high fidelity audio apparatus, like the compact disc technology. One may alter
natively choose to constrain the nontarget letterset to letters that differ
widely from the target. The opportunity to practice in discriminating subtle
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sound differences remain somewhat limited if distractors need to differ maxi
mally from the target letter. Nevertheless, numerous letter-sound correspon
dences could well be practised with the aid of a 'talking computer' without
additional cueing or prompting of small phonemic features.

Further research is planned in the near future in order to improve the present
design. Several improvements are necessary, but at the moment sufficient knowl
edge is lacking about some relevant aspects. Within the domain of learning a
limited set of letter-sound correspondences, there seems to be a genuine oppor
tunity to further develop and refine a response sensitive target selection
strategy. Selection of letters to be practised should be optimally based on
inferences about an underlying model of the learning process and information
about each pupil's response history. Furthermore, since the effect of different
feedback procedures is likely to be specific for a given task, various ways of
providing instructional feedback during practice in associating letters and
sounds should be explored (e.g. Kulhavy, 1977). Also, although some preliminary
notions have already been documented here, considerably more should be done
to identify appropriate specifications for classroom implementation and
curriculum integration. The results so far, do strongly support the conclusion
that further improvements and extensions could well make the electronic aid for
practising letter-sound relations a truly powerful educational tool.
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