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Abstract

The literacy skills of deaf children generally lag
behind those of their hearing peers. The mechan-
isms of reading in deaf individuals are only just
beginning to be unraveled but it seems that native
language skills play an important role. In this study
12 deaf pupils (six in grades 1-2 and six in grades
4-6) at a Swedish state primary school for deaf
and hard of hearing children were trained on the
connection between Swedish Sign Language and
written Swedish using a pilot sign language
version of the literacy training software program
Omega-is. Literacy skills improved substantially
across the 20 days of the study. These literacy
gains may have rested upon the specific software-
based intervention, upon regular classroom activi-
ties, or upon a combination of these factors.
Omega-is-d, and similar software utilizing sign
language as a component, targets an important
mechanism supporting reading development in
deaf children and could play an important role in
bilingual education refinements.

Keywords: deafness, sign language, training,
working memory, decoding, language comprehen-
sion, literacy

The ability to read gives us access to the universe of
knowledge and fantasy contained in books and
magazines. This ability may be particularly impor-
tant for those who have restricted access to conver-
sation, due either to social isolation or functional
impairment. However, these individuals may have
difficulty learning to read (Bonvillian et al., 1973;
Marschark et al., 2012; Moores, 2013). Reading

© W. S. Maney & Son Ltd 2015

MORE OpenChoice articles are open access and distributed under

the terms of the Creative Commons Attribution License 3.0
DOI: 10.1179/1557069X14Y.0000000037

Deafness & Education International 2015

Correspondence to:

Mary Rudner,
Swedish Institute for
Disability Research,
Linkdping University,
Sweden
mary.rudner@liu.se

requires decoding and language comprehension
(Haenggi & Perfetti, 1992; Just & Carpenter, 1992;
Hulme & Snowling, 2014). Decoding involves
mapping the printed words on a page onto the
expressions of a primary language while language
comprehension involves understanding those
expressions. For most people, the primary language
is spoken and decoding involves connecting speech
sounds to printed words in the written equivalent,
for example linking the sounds of spoken English
to the orthography of written English. Deaf children
have limited access to spoken language, and accord-
ing to some sources, these limits persist for many
even when they use hearing aids and cochlear
implants (Cls) (Kral & Sharma, 2012; Holmstrom,
2013). This makes it more difficult for them to
learn the correspondence between speech sounds
and printed letters (Wass et al., 2010). Deaf children
growing up with sign language have a different
problem to tackle. Because sign language has no
written form they have to learn to read in a second
language which does not map directly onto their
primary language either at the word or sentence
level. Thus, it is apparent that deafness changes
the nature of decoding. Whether it changes the
problem of language comprehension is less
obvious. However, although many deaf children
have difficulty learning to read, some do conquer lit-
eracy (Prinz & Strong, 1998; Goldin-Meadow &
Mayberry, 2001; Miller & Clark, 2011).

Growing awareness of the full linguistic status of
sign language through the 1970s led to the introduc-
tion of bilingual education for deaf children in the
1980s (Mayer, 2009). In 1981, the Swedish
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parliament recognized the existence of sign
language and the right of deaf people to be educated
in their own language (Svartholm, 2010). Two years
later, a new special school curriculum was intro-
duced enshrining the legal right of deaf people to
two languages. Since then, deaf people in Sweden
are entitled to education in their first language,
that is, Swedish Sign Language (SSL). It is the
responsibility of special schools for persons with
deafness in Sweden to promote bilingualism, that
is the ability to understand sign language and read
Swedish as well as being able to express thoughts
and ideas in both sign language and writing. This
means that deaf children may receive an education
based on sign language rather than speech with
Swedish being taught as a second language
(Schonstrom, 2010).

Cochlear implantation of deaf children began in
Sweden in 1990 and today upwards of 90% of
Swedish children born deaf receive one, or more
commonly two, Cls (Anmyr ef al., 2012). Parents of
children with Cls often choose mainstream edu-
cation for their children (Archbold & Mayer, 2012).
This has led to a renewed emphasis on the develop-
ment of spoken language in deaf children and an
increased focus on phonological processes in the
development of literacy (Mayer, 2009; Wass et al.,
2010) coupled with an awareness of the special
needs of this special population of deaf children
(Archbold & Mayer, 2012; Holmstrom, 2013). Thus,
the numbers of children in Swedish deaf schools is
dwindling (Svartholm, 2010). At the same time,
there are higher proportions of children with learn-
ing difficulties relating to factors other than hearing
impairment and children with immigrant back-
grounds as well as late starters than in mainstream
schools (Svartholm, 2010). These factors have funda-
mentally changed the educational landscape for deaf
learners (Mayer & Leigh, 2010). It remains important
to understand how literacy skills are acquired by
those deaf children for whom sign language is the
primary mode of communication in school.

In children with normal hearing, decoding is
underpinned by phonological awareness, verbal
memory, and verbal processing speed (Wagner &
Torgesen, 1987; Hulme & Snowling, 2014). In this
group, phonological awareness refers to the ability
to detect and manipulate the phonemes that consti-
tute the sounds of words. However, it is a matter of
debate whether phonological awareness in this
sense underpins successful decoding in deaf children
(Kyle & Harris, 2010) and empirical evidence is scant
(Wass, et al., 2010; Mayberry et al., 2011). Signed
languages have their own internal structure or pho-
nology (Emmorey, 2002), which rather than being
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based on sound is based on the shape, movement,
location, and orientation of the signing hands. Thus,
sign language phonology is described in terms of its
articulatory features and for a sign language user,
phonological awareness is about detecting and
manipulating these articulatory features. So, if decod-
ing involves phonological awareness, does that
awareness have to relate to the phonemes of the
spoken equivalent of the written language to be
decoded, or is it sufficient to understand the internal
structure of one’s own native sign language? If the
former is the case, deaf children learning to read
should be trained to understand the patterning of
speech phonology (c.f. Nakeva von Mentzer et al.,
2013) but if the latter is the case they might better
spend time getting to understand the structure of
their own native language, sign language.

Some light can be shed on this issue by studying
the role of phonological awareness in learning to
read languages that display different levels of con-
sistency in grapheme-to-phoneme mapping.
Georgiou ef al. (2012) found that for English-speak-
ing children’s phonological awareness in kindergar-
ten was associated with grade 2 reading fluency in
their native language, but that for Greek- and
Finnish-speaking children, no such association was
found. In the English language, there is a relatively
low level of consistency in grapheme-to-phoneme
mapping whereas in both Greek and Finnish there
is a one-to-one mapping. The finding of the study
by Georgiou et al. (2012) suggests that phonological
awareness becomes more important when the con-
sistency in grapheme-to-phoneme mappings
decreases and decoding becomes harder. The corol-
lary of this is that phonological awareness should be
even more important for deaf children learning to
read than for hearing children. However, it does
not tell us whether for best reading results, phonolo-
gical awareness should be related to the learner’s
native language or the language of literacy, where
these differ.

It has been suggested that the basic linguistic abil-
ities that allow for successful first language reading
have similar impact on the acquisition of reading
skills in a second language (Sparks & Ganschow,
1993; Cummins, 2012). In particular, first language
phonological awareness predicts second language
reading abilities (Kahn-Horwitz et al., 2005). This
implies that for deaf native sign language users,
knowledge of the structure of sign language may
facilitate the process of learning to read. Indeed,
Strong and Prinz (1997) showed that deaf children
with better skills in American Sign Language
(ASL) also had better literacy skills, irrespective of
age and general intelligence. They drew the
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conclusion that ‘Deaf children’s learning of English
appears to benefit from the acquisition of even a
moderate fluency in ASL’. Recently, it has been
shown that reading comprehension in deaf adults
is related to sign language grammar skills
(Cormier et al., 2012; Rudner ef al., 2012) and that
when deaf adults read they activate sign translations
of the written words (Morford et al., 2011). Further, a
Swedish study examining the language proficiency
of school-aged deaf pupils from a bilingual perspec-
tive showed a positive correlation between Swedish
skills and SSL skills (Schonstrom, 2010). This was
interpreted as indicating that a well-developed
sign language is important for deaf individuals to
learn any written language as a second language.
Thus, a bilingual approach to deaf reading may be
fruitful (Pinar et al., 2011).

Positive effects on reading abilities in poor readers
(Gustafson et al., 2011; Helland et al., 2011) and chil-
dren with autism and cerebral palsy (Heimann et al.,
1995; Nelson et al., 1997; Tjus et al., 1998, 2004) have
been achieved as a result of intervention using
Omega-is (Omega-Interactive Sentences; Heimann
et al., 2004) or its software forerunners. Omega-is is
a computerized literacy training program that
focuses on language abilities. It applies a cognitive
strategy including both word- and sentence-level
processing of written language. By clicking on text
buttons with words or phrases, the user can
rapidly create their own sentences such as ‘The
lion chases the swan’. Then the user hears the sen-
tence being read by a prerecorded voice and
finally the meaning of sentence is illustrated by an
animation. Thus, the program offers hearing chil-
dren close correspondence between text, speech,
and animations, providing familiarization with the
links between these modalities.

Training with Omega-is builds on cognitive abil-
ities including working memory storage and proces-
sing (Nelson et al, 2012). Temporary storage
capacity is needed to hold words in mind while a
sentence is being constructed or comprehended. In
addition, executive functions are needed to process
the content of working memory and carry out mul-
tiple steps in comparisons of structures, abstraction
of new structures, and encoding new structures
into long-term memory (Best et al., 2011). Thus,
age-appropriate cognitive skills are likely to
support the learning processing.

In this study, we developed and evaluated a pilot
version of Omega-is (Omega-is-d1) aimed specifi-
cally at deaf children learning to read in a classroom
environment where SSL is the primary mode of
communication. Similar work with prior versions
of software programs that closely linked text, sign
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language, and animations documented literacy
gains by moderately to profoundly deaf children
in the US and in Belgium (Prinz & Nelson, 1985;
Nelson et al., 1989, 1991; Prinz et al., 1993).

The assumption underlying this study is that suc-
cessful development of sign language-related skills
in deaf children can lead to a good basis for learning
to read a second, speech-based language. The
purpose of this study was to determine whether
the literacy skills of deaf children who are sign
language users can be enhanced by use of a compu-
terized training program that focuses on the
relationship between signed language and speech-
based written language.

Method

Participants

Twelve pupils (five girls) at a Swedish state primary
school for deaf and hard of hearing children took
part in the study. They were selected by their tea-
chers as beginning readers whom it was thought
would benefit from sign-language-based literacy
training with Omega-is-d1. The average age was
9:6 years ranging from 7:2 to 12:6 years. Six of the
pupils attended grades 1-2 (age 7:2-8:9 years) and
six attended grades 4-6 (age 10:3-12:6 years).
Seven pupils had Cls. Of these seven, two also
had a hearing aid and another two had hearing
aids only. Apart from having a hearing impairment,
five of the participants also had a neuropsychiatric
diagnosis. These diagnoses included autism spec-
trum diagnosis and attention deficit/hyperactivity
disorder according to Diagnostic and Statistical
Manual of Mental Disorders, 4th Edition, Text
Revision (APA, 2000). SSL was the primary means
of communication for five participants. Other
primary modes of communication were home sign
as well as both European and non-European oral
and signed languages. This heterogeneity is typical
of the population of children attending schools for
deaf children in Sweden (Svartholm, 2010) and
internationally (Mayer & Leigh, 2010).

The participants were randomized by class into
two groups, that is, there were equal numbers of
pupils from grades 1-2 and grades 4-6 in each
group. The pattern of testing and training differed
for the two groups. For demographic information
by group see Table 1. Both the children and their
parents gave informed consent and the study was
approved by the regional ethics committee.

Study design
In view of the relatively small number of pupils that
we were able to recruit to the study and to maximize
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Table 1: Demographic details of the two groups A VRS L S8
n a0l o — o
Group 1 Group 2 — o
(n=106) (n=106) | o
Hls | 83888 3 B q
Mean age (SD) 9:7 (1:11) 9:4 (2:1) § BHS® o R
Female 2 3
CI and/or HA 4 5
Neuropsychiatric 2 3 = oM@ 0 o
diagnosis
SSL primary language 2 3 o) SE8S & S
n al<foN 18 o)
— —
o
: SRR coon o [
experimental power, we employed a crossover 2 s S22 9D =
L . . . =
design in which participants acted as their own con- 0 = A= o
trols. All participants were tested on three separate
occasions, T1, T2, and T3 at 2-week intervals. On = WO M o ©
all three occasions tests of reading skills, sign o 15 16
language comprehension, and cognitive skills were a =2l 2 o2
administered. The tests of reading skills included = - ~ =
tests of decoding at character, word. and sentence 5
. . b
level, and tests of reading comprehension. The % =g NR E} 5 8 %
same tests of reading skills and sign language com- S g ey @ R
. . o] —
prehension were used on each of the three occasions O
in order to chart development of these skills over the E = OO O®Om O O
4-week period of the study. Each of the cognitive g
skills, non-verbal intelligence, working memory, g ) NI 8 N3
and executive function was tested on one occasion = @ A= — <
only at one of the three testing occasions (see g c
Table 2). All testing took place in a room at the @ ik 5 %% 83 § E i
. . . N O LO i
school designed for psychological testing. 2 = —
Between T1 and T2 Group 1 trained for 10 days 3
using Omega-is-d1 while Group 2 pursued regular - = wmom o oo
school work. Between T2 and T3 Group 2 trained 9 G~ o "
for 10 days using Omega-is-d1 while Group 1 g 3 azdx w 3
returned to regular school work. £
o | =
513 g| 8888 8 8
S | o % o= 18 i
3 (55 — [Q\l
Omega-is-d1 5
Omega-is is a computer program that has proved 5 = woeo e °
effective in supporting children in their reading g N ow o o
development (Heimann et al., 2004). It builds on 3 % Jsd4e g 032
the pedagogical model Multimedia, Interaction b =
and Recasting (Heimann et al., 2004). According to g .
this model, the development of literacy skills can o =g 88 & S
. s o} BOFS 156 o
be enhanced by encouraging the use of parallel pat- o S 2
terns of information in several different modalities. 3
Another aspect of Multimedia, Interaction and 2 < OOV © O
Recasting is that training can be customized with 2
the support of a teacher to facilitate learning § *8 %
through discussion and reflection about what is £ E; " ‘% s BB =
happening in the program. The notion of dynamic £ 2,955 RTwREg|6
) i i & 293 ,E @ ne EU ] 3o
ystems is used as a framework to both guide S SL02aq vy aa|d
design of the teacher/software/child interactions & ?'8 % T8 g 8 i 5 o§ § § S
w0 -
and to interpret gains in literacy and language 2 3 § 5 § (})QJ a go(ha« S8 ?9
. . . © s N Q (@]
made by children with a range of learning needs ~ — n ¥
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(Nelson, 1998, 2006; Nelson et al., 2001; Nelson &
Arkenberg, 2008).

Omega-is includes two different types of training
exercises, Construction and Testing. In Construction
exercises, the user practices constructing sentences
by serially selecting words, using a pointing
device such as a computer mouse, from lists dis-
played on the computer screen. As each word is
selected, it is read aloud by a prerecorded voice.
When sufficient words have been selected to form
a sentence, the whole sentence is read aloud.
Sentences may be conventional such as ‘The lion
chases the swan’ or unconventional such as the
‘Swan chases the lion’. This gives the user the oppor-
tunity to use language creatively. Finally, the
meaning of sentence is illustrated by an animation
to reinforce the semantics of the user’s creation. In
the Construction exercises, the user can select
words in the wrong order and still create a
Swedish sentence. The program simply arranges
the selected words in the right order to create a sen-
tence and a correct sentence is presented.

In testing exercises the user practices finding the
right sequence of words to form a sentence that
semantically matches a particular animation.
Omega-is in standard versions uses printed and
spoken material at word and sentence level as well
as animations of sentences. Both types of exercises
are available at six levels ranging from single
words to complete stories.

In this study we developed Omega-is-d1, a pilot
version of Omega-is for use by deaf beginning
readers. We built on the overall theoretical notion
of Multimedia, Interaction and Recasting
(Heimann et al, 2004). The principles of
Multimedia and Interaction were enhanced for the
participant group by adding a new language
modality, sign language, to meet the learning
needs of the participants, while retaining the orig-
inal printed material and replaced the animations
with videos of SSL, modelled by a deaf native user
of SSL. We turned off the sound so that there
would be no auditory stimulation for those partici-
pants who had residual hearing and used amplifica-
tion. Practical limitations did not allow us to
implement Recasting. However, Omega-is-d1 only
included the first three exercise levels (single
words, two-word sentences, and three-word sen-
tences) which, although they could certainly be
subject to Recasting, offer less scope for this prin-
ciple than longer sentences and complete stories.
These levels were selected because we deemed
them most appropriate for the deaf children who
were beginning readers that were targeted in this
pilot study.
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In the testing exercises in Omega-is-d1, signed
sentences are presented and the task of the user is
to select listed words in the right order to create a
Swedish sentence that corresponds to the signed
sentence. Feedback is given to the user to indicate
whether or not the right words were selected.
Training time is logged.

Participants trained in Omega-is-d1 at their own
computer, using a personal USB-memory-card
with their own copy of the program. The partici-
pants’ class teachers were instructed in the use of
Omega-is-d1 by the research team. Instructions
were given in SSL (two of the participating teachers
were deaf) and orally. Written instructions were also
provided. The class teachers made sure all the par-
ticipants understood the training program and
could use it independently. They also answered
any questions the participants had related to train-
ing with Omega-is-d1. Further, class teachers facili-
tated home training for those participants who so
desired during the 10-day training period. When
data collection was complete, the teachers were
debriefed.

Participants were encouraged to train with the
software in individual sessions as much as possible
during the 10-day training period. This included
classroom training and training at home. Unlike
prior studies with versions of Omega-is software,
no trained adult sat by the child during their compu-
ter sessions to facilitate learning through Recasting,
that is, discussion and reflection about what is hap-
pening in the program. Due to pressure on teacher
time, it was impossible to provide resources for
this throughout training.

All training was logged. This included training in
the classroom and training at home. The average
logged time spent on training was 3 hours 49
minutes. The minimum time logged was 49
minutes and the maximum logged time was 8
hours 51 minutes. A technical error led to data loss
for one participant and so the average training
time was based on logs for 11 of the participants.
The actual training time for the participant for
whom data were lost was estimated to be in excess
of one hour.

Literacy skills

Reading comprehension

The Woodcock Passage Comprehension test from
the Woodcock Reading Mastery Test-Revised uses
a ‘cloze’ procedure that requires the child to orally
provide a single missing word, denoted by an
underlined space in a sentence, to assess their
ability to understand short passages consisting of
one or two short sentences that are read silently
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(Woodcock, 1998). A Swedish translation of this test
was used in this study (Olson et al., 2011). In the
standard test procedure, the missing word is repro-
duced orally. In this study, participants signed their
responses either in SSL or using the Swedish manual
alphabet. Points were given for each correct word
and grammatical form and the maximum possible
score was 68. Testing stopped after six incorrect
responses.

In order to assess the relative level of reading com-
prehension of participants in this study compared to
the population of beginning reader pupils in
Swedish schools, we obtained Swedish comparison
data from the International Longitudinal Twin
Study (ILTS) of early reading development (Olson
et al., 2011). These data show scores on the
Woodcock test of reading comprehension of 14.0
(SD 8.0, N = 252) in grade 1; 22.3 (SD 6.3; N = 164)
in grade 2, and 34.8 (SD 6.8, N = 64) in grade 4.

Decoding

The reading chains test measures decoding ability
(Jacobson, 2001). Reading chains consists of a
number of subtests: character chains, word chains,
and sentence chains. For all subtests, the task is to
separate chains of characters using a pen stroke
according to a particular instruction. For character
chains, uppercase letters, lowercase letters, and
numbers should be separated. For word chains,
words should be separated and for sentence
chains, sentences. There are different versions of
word chains for grades 1-2 and 4-6; for grades 1-2
there are three words in each chain and for grades
4-6 there are four words. In grades 1-2, word
chains only are recommended, while in grades 4-6
all three subtests are recommended. Thus, in this
study all 12 participants performed the appropriate
versions of the word chains subtest while only the
six participants in grades 4-6 performed the charac-
ter and sentence chain tests. Two minutes are given
to complete each subtest and participants are
instructed to work as quickly and yet as accurately
as they can. One point is awarded for each correctly
completed character and word chain. For sentence
chains, one point is awarded for each correctly sep-
arated sentence.

Using the reading chains manual (Jacobson, 2001),
points for word chains were converted to stanine
using the table (total) for grade 4 (the lowest grade
for which a conversion table was available).

Teacher assessment of reading skills

The class teachers were asked to assess the partici-
pants’ reading skills on a scale of 1-10, where 1 rep-
resented poor skills and 10 represented good skills.

Deafness & Education International 2015 voL. 17
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Sign language skills

Sign language comprehension

There are at present no standardized tests of com-
prehension of SSL. In order to test the participants’
ability to comprehend SSL in this study we made
a SSL adaptation of the Test for Reception of
Grammar, Version 2 (TROG-2; Bishop, 2009). This
standardized test is originally designed to measure
receptive grammatical understanding. In this test
the experimenter reads a passage aloud and the par-
ticipant is shown a set of four pictures from which
he or she is instructed to select the one that best
fits the passage. Thus, each set of four pictures
includes one target and three distractors that are
closely related but not identical to the target and
as such constitute lexical or grammatical lures. The
test has 20 blocks, each with four test passages.
For the SSL version, the original sentences were
translated from Swedish to SSL by an accredited
professional SSL interpreter in collaboration with a
teacher of deaf children. The test was administered
in SSL. This adapted version of TROG-2, referred
to as TROG-2-SSL was administered in accordance
with the standard procedure for TROG-2. One
point was given for each correct block. Testing
stopped either when no correct answers were
given for two blocks in a row or when no points
were awarded for five blocks in a row.

Teacher assessment of sign language skills

The class teachers were asked to assess the partici-
pants’ skills in SSL on a scale of 1-10, where 1 rep-
resented poor skills and 10 represented good skills.

Cognitive skills

The cognitive skills tested in this study measured
non-verbal intelligence (at T2) working memory
(at T3) and executive function (T1).

Raven’s Coloured Progressive Matrices
Raven’s Coloured Progressive Matrices (Raven’s
CPM) measures nonverbal general intelligence
(Raven et al, 1994). The test includes 36 trials
arranged in three subtests of increasing difficulty.
Each trial involves choosing the best of six options
to complete a pattern. One point is awarded for
each correct trial. There are no Swedish norms avail-
able for Raven’s CPM. In this study we applied
norms for the Federal Republic of Germany. These
norms were chosen because the education system
in Germany is similar to that in Sweden. These
norms were used to determine percentiles and age
equivalents.
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Letter span

The letter span task measures the short-term storage
and processing capacity that characterizes working
memory. While forward letter span emphasizes
the storage component, backward letter span puts
relative emphasis on the processing component as
it requires reversal at recall of the order of items
encoded in memory. Letter span tasks were chosen
in preference to the more commonly used digit
span tasks. This is because the digit span task has
consistently been shown to put deaf people at a dis-
advantage (Rudner et al., 2009) and it has thus been
suggested that its use in educational testing may be
inappropriate (Boutla ef al., 2004; Andin et al., 2013).
Furthermore, performance on the same version of
the letter span task as used in the present study
has been shown to be similar for matched groups
of deaf signers and hearing non-signers (Andin
et al., 2013). The test was administered on an ASUS
laptop with presentation software DMDX (version
4.0.4.4). Each version (forward and backward) com-
prised 16 trials in which letters were displayed seri-
ally for one second each in sequences of increasing
length (from two to nine letters) in two different ver-
sions for each sequence length. The letters used in
this task where R, S, X, L, M, Q, G, H, J, which are
phonologically dissimilar in both Swedish and the
Swedish manual alphabet. They are monosyllables
in Swedish and have no movement in the Swedish
manual alphabet. The participants were instructed
to respond after each sequence by using a set of
nine keys (numpad) each labelled with one of the
letters. For the forward letter span task they were
instructed to press the sequence of keys that cor-
rectly represented to the sequence displayed and
for the backward version of the task they were
instructed to reverse the sequence. The score is the
individual span size which is the length of the
longest completely correctly reproduced sequence
at which at least one correct sequence has been
reproduced at all preceding sequence lengths.

Simon task

The Simon task measures executive functioning
relating to inhibition (Simon & Rudell, 1967). The
test was administered on an ASUS laptop with pres-
entation software DMDX (version 4.0.4.4). In each of
16 trials, a red or blue rectangle was randomly dis-
played an equal number of times either at the right
or left side of the screen. The participant was
instructed to respond as quickly and accurately as
possible by pressing a key to the right of the compu-
ter keyboard when the rectangle was red and to the
left when it was blue. The score for each participant
was the average reaction time for incongruent trials
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(when the correct response key was on the opposite
side to the stimulus) minus the average reaction time
for congruent trials (response key on same side as
stimulus).

Results

Mean test scores and standard deviation for T1, T2,
and T3 are shown in Table 2.

Effect of computerized sign language-based literacy
training
To determine whether literacy improved over the
course of the training period, a repeated measures
analysis of variance (ANOVA) was computed on a
composite literacy score. The composite score incor-
porated all available literacy scores for both younger
and older children: it was created by averaging
across the z-scores of Woodcock and Word chains
for all participants as well as across Character
chains and Sentence chains for the older partici-
pants. The ANOVA included the within group
factor testing occasion (T1, T2, T3) and the
between group factor training group. There was a
main effect of testing occasion (F(2,20)=6.42,
MSE = 0.03, P=0.007, partial 5°=0.39). This
large effect size reveals a substantial and highly sig-
nificant improvement in performance between T1
and T3. For composite literacy scores, there was no
main effect of group (F(1,10) = 0.2.24, MSE = 1.77,
P=0.17) and no significant interaction (F(2,20) =
0.24, P = 0.79). Thus, it is indeterminate whether lit-
eracy gains may have rested upon the specific soft-
ware-based intervention, upon regular classroom
activities, or upon a combination of these factors.
To determine whether the sign language compre-
hension skills were enhanced by training, a repeated
measures ANOVA was performed on TROG-2-SSL
scores. There was a non-significant tendency
towards improvement in performance across time
(F(2,20) =284, MSE=4.6, P=0.08). However,
there was no interaction with group (F(2,20) = 1.39,
P =0.27). Thus, the tendency to improvement in
sign language skills over time could not be specifi-
cally attributed to training with Omega-is-d1.

Levels of performance relative to norms

The levels of performance of the participants in this
study were compared to those of typically develop-
ing children.

Literacy skills

Reading comprehension — Woodcock

Grade scores for Swedish children from the ILTS
(Olson et al, 2011) were used as comparison
scores. At T1 one participant in group 2 performed
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within one standard deviation of ILTS grade score
while all other participants scored <2 SD below
ILTS grade score. Thus, 11 of the 12 participants
had reading comprehension scores that were
below that of their typically developing peers.

Decoding — word chains

When the word chain scores (reported in Table 2)
were converted to stanine, we found that at T1 ten
of the participants had a stanine of 1, one of the par-
ticipants had a stanine of 3 and another had a
stanine of 6. In other words, only two of the
twelve participants performed within the normal
range.

Decoding — character chains

When character chain scores were converted to
stanine, we found that at T1 three of the six partici-
pants in grades 4-6 who performed this test had a
stanine of 1. Among the remaining three, one had
a stanine of 3 and two had a stanine of 4. Thus,
three out of six participants performed within the
normal range on this test.

Decoding - sentence chains

At T1, one of the participants had a stanine of 6
while the other five had a stanine of 1. Thus, only
one of six participants performed within the
normal range on this test.

In summary, the participants showed a generally
low level of reading-related skills compared to typi-
cally developing peers, except on the character chain
test which measures word decoding in the form of
visuo-motor speed with no demand on reading
comprehension (Jacobson, 2001). This suggests that
although reading skill was low, the fundamental
level of decoding was in place for three of the six
participants in grades 4-6.

Cognitive skills

Performance on the cognitive tests by group is
shown in Table 2. Three of the participants chose
not to perform the backward span task. The
average digit span scores of group 2 were within
one standard deviation of the score reported by
Gathercole and Pickering (2000) for 6- and 7-year-
old children and those of group 1 were within two
standard deviations.

On Raven’s CPM ten out of twelve participants
performed above the 25th percentile norm for their
age. Eight participants performed above the 50th
percentile and three above the 75th percentile. Of
the remaining two participants, one performed
above the 10th percentile and the other above the
5th percentile. Thus, all twelve participants in this
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study performed within the normal range on
Raven’s CPM.

Teacher assessments

The mean teacher rating for reading was M =4.3
(SD=2.8) in group 1 and M=5.0 (SD=3.1) in
group 2. There was no difference in assessed
reading skills between groups (£(10)=0.39, P =
0.70). The mean teacher rating for SSL was M = 3.8
(SD=1.0) in group 1 and M=5.7 (SD=3.1) in
group 2. Assessed SSL skills were significantly
different between groups (t(10) = 2.36, P = 0.04).

Discussion

The purpose of this study was to determine whether
literacy skills could be enhanced by training with
Omega-is-d1.

Although literacy skills were generally low we
showed that they improved substantially and sig-
nificantly over the course of training and did so
for both training groups. Cognitive skills were in
the normal range providing a basis for learning.
However, in the absence of group x time interaction
effects, it is unclear whether the improvement in lit-
eracy skills over time was caused by the specific lit-
eracy software intervention. Instead, the children’s
advances in literacy may have rested upon the
specific software-based intervention, upon regular
classroom activities, or upon a combination of
these factors.

The small group of participants in this study
recruited from a Swedish state primary school for
deaf and hard of hearing children displayed the het-
erogeneity typical of this population (Mayer &
Leigh, 2010; Svartholm, 2010) in terms of age,
primary mode of communication, hearing rehabili-
tation, and comorbidity. Despite careful randomiz-
ation by class into the two groups, behavioural
performance varied across groups. This variance
militated against the ability of our crossover design
to detect a specific effect of the intervention.

In contrast, children using Omega-is software
have made literacy gains more specifically attribu-
table to intervention periods in studies that used
longer intervention duration than the current one
and that also employed trained teachers to
enhance the child’s engagement with the software.
Improvements in reading skills as a result of training
in Omega-is (Heimann et al., 2004) and its forerun-
ners have been reported in a number of prior
studies across a range of cultures including children
with specific reading difficulties (Gustafson et al.,
2011; Helland et al., 2011) as well as children with
autism and cerebral palsy (Heimann et al.,, 1995,
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2004; Nelson et al., 1997; Tjus et al., 1998, 2004).
Positive results in terms of reading have also been
achieved using Omega-is (Heimann et al., 2004) for
children with hearing impairment (Tjus et al.,
2004). In this study we developed a new version,
Omega-is-d1, which allowed deaf children to train
the association between SSL and Swedish text.
Recent work has shown a link between reading
skills and sign-language-related skills and the
rationale behind this study was that training this
link through software incorporating sign language
may lead to better literacy for deaf children
(Strong & Prinz, 1997; Schonstrom, 2010; Cormier
et al., 2012; Rudner ef al., 2012). It is likely that the
present intervention approach would have been
more successful if resources had been available to
fully implement the concept of Multimedia,
Interaction and Recasting with the support of a
teacher to facilitate children’s learning through dis-
cussion and reflection of what is happening in the
training program and if the training period for
each child had been extended.

Conclusion

The literacy skills of deaf beginning readers
improved substantially over the course of the
study. These improvements may have depended
upon the specific software-based intervention,
upon regular classroom activities where teachers
also employed SSL, or upon a combination of
these factors. Future interventions for deaf begin-
ning readers including Omega-is-d and similar soft-
ware utilizing sign language as a component should
extend the duration of training and fully implement
the concept of Multimedia, Interaction and
Recasting.
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