MULTIFUNK:
Bringing computer-supported reading one
step further

gj Multifunk - leseomgivelse og lesestatte for anne

% Kjerringa som ikke klarte a stoppe

Velg elev

Detwar en gang et par gamle follk som bodde ute ved

fiorden. Barna deres var dradd ut i verden, og de gamle

@ hadde ingen til & hjglpe seq.

Skanne . . .
Savar det en dag mannen skulle av garde for & hente
e
* - hiem wed. Stivbent var han og nesten blind, men han fant
Opplesing da det han gikk etter. Han laget en stor ber av terre
GE;?R" kvister, men da han skulle ta bera pé ryggen, strakk ikke
e
. kreftene til. Da kom en bl&kledd kar forbi. - Du Kjenner nok
Skrive ny

iklke meg, du, sa karen, - menyi er naboer. Jeg bor under

jorda, under huset ditt. Du har aldri plaget oss, derfor wil

g | ]

1

i Ord ' Setning ) Linje Innstillinger

983

Gjertrud W. Kamstrup
EvaMjavik
Anne-Lise Rygvald
Bjarn Gunnar Saltnes

April 2002



A S
NR:: Norsk Rcgnesentral
_"‘_ ANVENDT DATAFORSKNING

Rapport/Report
Tittel/Title: Dato/Date: April
MULTIFUNK: Ar/Year: 2002
Bringing computer-supported reading one step further | SBN: 82-539-0491-6

Publikagonsnr.: 983
Publication no.:
Forfatter/Author:
Gjertrud W. Kamstrup, Eva Mjevik, Anne-Lise Rygvold og Bjarn Gunnar Satnes

Sammendr ag/Abstract:

Thisis apaper presenting the Multifunk project. It dso gives an extensive review of related research.
Multifunk is a collaboration between three partners:

- Aschehoug Education

- Department of Specid Needs Education, Universty of Odo

- Norwegian Computing Center

The research focusin Multifunk is how to use computers to support and improve dydexic students
reading and writing performance. More than 10% of the population is estimated to experience
substantid difficulties. The results from the project and subsequent software development will
hopefully contribute to improved reading skills and sense of mastery. We propose to offer
personalised text formatting according to individual profiles when reading screen texts. A
prototype has been developed that illustrates this functiondity, and preliminary sudies usng the
prototype indicate improved reading performance among poor readers. We aso propose to use
speech synthesis in order to give auditive support to the reading process. Improved reading will be of
importance both to the students motivation and the overal learning outcome. It isvitd that the
digitalisation of the primary schoolsis donein away that is helpful to sudents with learning difficulties
and does not bring just another arena for shortcoming.

Emneord/Keywords: Computer asssted learning, reading on screen, reading
disabilities, screen design, speech synthess, dydexia

Tilgjengelighet/Availability: Open

Prog ektnr./Project no.: 840003

Satsningsfelt/Research fidd: E-laging, multimedia

Antall sider/No. of pages: 11

Norsk Regnesentral / Norwegian Computing Center
Gaustadalléen 23, Postboks 114 Blindern, 0314 Oslo, Norway
Telefon 22 85 25 00, telefax 22 69 76 60

© Copyright Norsk Regnesentral



A S
NR:: Norsk Rcgnesentral
_"‘_ ANVENDT DATAFORSKNING

Rapport/Report

Norsk Regnesentral / Norwegian Computing Center
Gaustadalléen 23, Postboks 114 Blindern, 0314 Oslo, Norway
Telefon 22 85 25 00, telefax 22 69 76 60



A S
NR_a—‘h— Norsk Rcgnesentral
H_
& ANVENDT DATAFORSKNING Rapport/Report

1 Introduction

Reading congsts of two components, decoding and comprehension. Decoding refers to the
technical skill that enables the reader to transform printed letters into recognised words as
the basis for activation of meaning. Comprehension is a cognitive process that alows the
reader to interpret the text, which includes thinking processes on higher levels. Thisbasic
concept of reading must be completed with an additiona component; motivation. Motivation
iscrucid in dl learning tasks. Literacy development depends on the sudents' interest in and
understanding of what is to be learned. Students with reading difficulties often experience a
rgpid decline in motivation during the first few years & school.

Research shows that 15--20 % of the studentsin primary and secondary schools have
problems in meeting the required leve of literacy in today’ s society (Shaywitz and Shaywitz
1996, Snow et a. 1998, Catts and Kahmi 1999, Solheim and Tannesen 1999). Other
Sudies, however, show a subgtantially lower prevaence of reading problems. The estimates
vary depending on the means of measure and criteriafor defining a reading disability. The
highest prevaence includes both students with specific reading impairment (dydexia—
unexpected difficulty learning to read despite intelligence, motivation and education) and
more genera reading problems (garden-variety-poor readers which is due to poor
ingtruction, low intelligence etc.) even if the clear-cut distinction between the categoriesis no
longer widely accepted.

At the onset of the 21™ century the computer isincreasingly being adopted as a relevant tool
(and medium) for reading and writing. Both in Norway and internationdly, the number of
computers per student has increased over the last few years as well as the time spent
working with them (Quale 2000). It is of great importance, however, to redise that the
introduction of computer technology in schoolsimplies both arisk and a possihility. If the
gpecid needs of students with literacy problems are not recognised and taken into account,
the use of computers in classroom based project groups may well represent an additional
hurdle instead of a compensatory asset.

The project has developed a prototype to support reading on screen for persons with
reading disabilities. The basic functiondities offered in the first verson are;

- persondised text formatting;

- auditive support using speech synthesis (single words, sentences and paragraphs).

The target group is students (primary and secondary schoal), but the software may be useful

to adults with reading difficulties as wdl. In afuture verson functiondity supporting writing

and project work will be added. Our study has atwofold focus:

a utilisation of the computer to hep students with reading and writing difficulties to decode
and comprehend, and
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b. gpplication of technology in such away that these children are integrated in the
computer-based activities in the classroom.

This paper has an emphasis on how to use the computer to support central tasks

involved in the three components of reading; decoding, comprehension and

motivation.

2 Decoding

2.1 Reading on screen

From research conducted over the past 20 years, we know that many factors influence
reading texts on the computer screen. Reading long texts on screen ismore tiring than in
books, and one often turns to the printer to solve this problem. Another factor influencing
the percaived difficulty of screen reading is computer workplace ergonomics and monitor
placement (Ankrum 1999, Fostervold 1997).

A third factor is screen technology. Dillon (1992) gives areview of studies on reading on
paper versus screen and concludes that the main difference in outcome between the two
mediais speed. With early screen technology, reading was actualy found to be substantialy
dower than on paper, but research by Muter et a. (1991) indicates that improved computer
screen technology has made reading efficiency on screen comparable with paper. Not all
studies show the same results, and a study conducted at Ohio State University even suggests
that reading a text on the computer screen may present an additiona hurdle for less
competent readers (Murphy 2000).

A fourth and wdll-known factor influencing text legibility on paper is typography. Asfor
screen texts, typography still matters, but there are reasons to believe that screen
typography must be seen as a separate issue. Early experiments did not show any
improvementsin reading performance related to textua formetting (Muter 1991). Muter’s
sudy did not isolate the single text formatting characteridtics.

This has been done by Dyson et d. (1998, 2001), whose research suggest that line length
influences reading speed and comprehension. Severa researchers present overviews of
factors that affect legibility of texts on computer screens (Waker 2000, Harrell 1999).
Often mentioned factors are colour, font type and size, line length, line spacing, text structure
and text judtification. Harrell (1999 p. 453) clamsthat “the reader should be ableto
“adjust” screen design to his or her needs and desiresin any number of ways...not only to
satisfy idiosyncratic quirks but to “correct” screen design weskness’'.
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2.2  Personalising text formatting

Computer texts may be formatted according to individud reading levels and persond
preferences, a possibility the printed book does not offer.

Our prototype supports adaptation of font type, font size, line length, line spacing, word
gpacing, type colour and background colour. The choice of the typographica variablesis
based on the typographica tradition for print (Halberg 1992) and on the works of Muter
(1996), Harrell (1999), Walker (2000), and Dyson (2001) related to computer screen

typography.

Six different font Szes are available in the prototype, and the reader may choose between
the font types Aria (sans serif) and Times New Roman (serif). We have chosen two of the
most common font types as there is evidence that both normal and poor readers ssem to
prefer fonts they are most exposed to (Hallberg 1994).

Line length is reported to be important by many researchers (Waker 2000, Dyson 2001),
but there is only unsystematic knowledge on how line length affects disabled readers. In
generd, long lines tend to make the return sweep to the next line more difficult, while short
lines make reading dower (Dyson 2001). The user of the prototype may choose between
four different line lengths depending on reading level aswell as actud window and screen
gze

Asfor text judtification, we have chosen to make al text Ieft justified with aragged right-
hand margin. Hyphenation at the end of linesis not used as it makes reading more difficult
and scrolling is used for navigation, even if paging has been proved by severd researchersto
be more efficient (Dyson 2001).

Since line gpacing has been seen as an important factor for legibility (Waker 2000), the
prototype has three optiond levels of line spacing. Four levels of word spacing has been
added (even though no research known to us mention this factor) to support sudents that
need additiond assstance in identifying word limits. Colour and contrast is considered
important for dydectic readers. We have chosen some of the colours that are suggested by
associations for dydexia (Dydexia).

Each student can create her own individud profile, and subsequently dl texts thet the student
chooses to read will be formatted according to her established profile, whether they are
Web texts, scanned from ordinary text books or electronic text books. The profile can be
changed a any time, eg. when reading skills have improved.

A first tentative study focused on the effects of adapting the screen text to the readers
individud profile. The study was carried out in a Norwegian primary school with 8 nine
year-old students, al below average readers. Reading performance was measured by speed
and number of errors reading texts on screen and in books. The results indicate improved
reading performance in both speed and accuracy for screen reading (Haugen 2001). The
reasons could be increased motivation, improved legibility of the formatted text etc. Further
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and more in depth studies are, however, necessary to show the red effect of reading
individually adapted texts on the computer screen as compared to traditiond text reading.
Such studies will be carried out in the context of this research project over the next two
years.

3 Comprehension: reading support using speech synthesis

Severd researchers have recommended the use of speech synthesis to support decoding
and comprehension in children with reading difficulties (Olofsson 1992, Wise 1997,
VanDaa 2000, Lewin 2000). Wise et a. (1997) found that speech synthesis substantialy
improved the disabled reader's reading performance, and this has recently been confirmed
by Lewin (2000). McKennaet d. (1997) claims that books with speech support make
reading less frudtrating, aid the development of decoding skills, improve fluency and provide
congderable individua support, offering for instance repeated reading of whatever part of
the text the sudent might want. Van Daal (1993) reports that the effect of speech feedback
depends on how the system is used by the readers, for instance whether the reader chooses
to listen to hard-to-read words or unsdectively chooses to listen to alot of words. The
overdl result is, however, postive. Olofsson (1992) states that the usefulness of speech
support depends on factors like age and meta-cognitive ability. He found that the younger
children (grade 4-5) and disabled readers gppear to need training in the use of speech
gynthesis, while elder children (grade 6-7) acted in amore intuitive and independent way.

The mentioned research, except Olofsson's, is basad on English beginner readers. Linguistic
differences, as letter-sound correspondence, might present some differencesto the
usefulness of speech synthesisin different languages. Olofsson (1992) has studied speech
gynthesis to assist Swedish children, and his conclusions were poditive. Due to language
gmilarities, we believe that Olofsson' s results can be transferred to the Norwegian case.

The prototype offers a“ read-it-loud-to-me’ functiondity through speech synthesis. The
student can choose to listen to words, sentences or paragraphs according to the individua
needs. Olofsson (1992) states that co-occurrence of spoken and highlighted words may
a0 have adirect postive effect on children’ s understanding of the letter—sound
correspondence and help them to gpply this knowledge in their reading. For comprehension
purposes speech synthesis should be used at gpproximately normal speed, while speech
synthesis for decoding purposes should be used a a s ower speed.

Some researchers (Zellweger 2000) have chosen to use digitised speech to assist emergent
readers, asthey think speech synthesis technology is not of high enough quality (persona
communication) for use with dydexic children. When the main purpose of the speech
support isto asss the decoding, i.e. the comprehension of the letter—sound
correspondence, low qudity of speech synthesis might clearly pose a problem. On the other
hand, speech synthesisis more robust to unknown text. In our opinion digitised speech can
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clearly be an dternative in some contexts since pronunciation of single sounds, which are
limited in number, can be digitised and reused severd times. We will consder integrating
digitised speech with speech synthesis when it is more useful.

The speech synthesis functionality of the prototype has not been extensively tested. We have
carried out some brief tests with teachers and children, observing that students had a very
tolerant attitude towards the prototype’ s somewhat artificial and mechanica voice. The
teachers, however, worried about the children “ending up speeking like that”.

4  Motivation

Due to poor performance reading disabled students devel op a negetive attitude towards
both reading and reading related tasks. Negative attitude/low motivation is related to
attention, and attention provides the necessary focus needed for decoding and
comprehenson processesto result in successful reading. A reevant hypothesisisthat if the
prototype improves the reader’ s overdl reading experience, thiswill in itself affect the
motivation for further reading. Improved mativation may aso come from being able to
manipulate and personalise the text formatting and thus being in control of the reading tasks
(van Daa 2000).

Speech synthesi's supports comprehension, and provides for the poor reader a necessary
distance to the laborious task of technical decoding and as such strengthens the
communicative aspect of literacy. This may make the reading task more enjoyable, simulate
further reading, enhance a sense of mastery, and trigger more motivation. Underwood
(2000) clamsthat the use of taking-booksisin itsdf highly mativating.

5 Future development of the software

In a commercidised verson, the following functiondity will be added:

- reading support including speech synthess of syllables, morphemes and word
condtituents;

- reading support through digital speech when more suitable than speech synthesis,

- gpdling support adapted to students with reading and writing difficulties;

- word explanations adapted to the age of the target group.

The spelling support will not be asmple check that suggests (any) smilar spdlings. 1t will be
designed to meet the specid needs of people with poor writing skills. The software will have
adatabase of errors commonly made by dydexic persons and suggest the most probable
gpelling dternatives. It will aso provide semantic information as to help the student reflect on
which word she triesto write. A feedback mechanism will aso be included to provide
information on progress, reduction of errors etc.
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A primary god for the project is to identify which parts of the reading and writing process
can be supported by technology and computer-based tools.

The second main question motivating our research is “how to gpply the technology in such a
way that sudents with reading and writing difficulties are integrated in the computer-based
activitiesin the classoom?’ The chdlengeisto design atool that enhances reading, writing
skills and promotes collaborative work, e.g. atool that has both a compensatory ability and
integrative power.

6 Conclusion

ICT can be used to improve the learning experience and performance of children with
reeding and writing difficulties. Today computers are an integra part of the daily life of many
children, and we must ensure that the process of digitisng the classsrooms will be an asst for
poor readers and writers.

Knowing thet children with reading and writing difficulties are motivated by certain uses of
computer technology, this must be exploited for the best of struggling readers. Research dso
suggests that students find writing on computers to be highly mativating (Daiute 2000), and
that they produce texts of higher qudity when using the computer in ared-life context.

We propose to useindividua adaptation of text formatting when reading texts on the
computer screen. Preliminary studies indicate improved reading performance for poor
readers when reformatting the text individualy. We aso propose to use speech synthesisto
support reading. Severa researchers have shown improved reading elther by the means of
screen design and typography or by speech synthesis. We have integrated these two options
to make an even better support for dydexic children. In primary and secondary education in
Norway there are atotad of 50.000 students with reading and writing difficulties that could
benefit from thistool.
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