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ABSTRACT

The present study assessed achieved reading stages of 190 school-aged children with
Down syndrome (DS, age 6-20) in Bavaria, one of the most populated federal states in
Germany. Teachers described the reading stages of their students in a questionnaire. The
achieved stages of reading according to the developmental model of Frith are compared to
a sample of 1419 students with intellectual disability (ID) regardless of etiology, but
excluding DS; thereafter parallelized ID-groups were compared.

Results of the questionnaire addressed to the students’ teachers showed that 20.2% of
the students with DS do not read at all, 7.6% read at a logographic stage, 49.4% at an
alphabetic and 22.8% at an orthographic level. Alongside these findings among the whole
sample, correlations are described concerning age, gender, IQ and sociocultural
background. The students with DS are then compared to other students with ID with
mixed etiologies. This comparison stresses the emphasis on the alphabetic level amongst
students with DS. This emphasis also exists when DS and non-DS students are parallelized
in groups of ID, thus showing that students with DS and severe ID are ahead in reading, but
those with mild ID are behind.

Knowledge about specific literacy attainment of students with DS is vital for planning
instruction, for creating learning environments, and for formulating future fields of
research. Especially students with DS need specific teaching which takes their impaired
verbal short term memory into account, such as learning to read in syllables.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

There is some evidence available that students with Down syndrome (DS) achieve considerable levels of reading (e.g.,
Baylis & Snowling, 2012; Byrne, Buckley, MacDonald, & Bird, 1995; Byrne, MacDonald, & Buckley, 2002; Fletcher & Buckley,
2002; Roch & Jarrold, 2008; Verucci, Menghini, & Vicari, 2006). Buckley’s (1985) suggestion that reading might be an “island
of ability” in DS has been heavily criticized by Cardoso-Martins, Peterson, Olson, and Pennington (2009) who find it
“surprising that they learn to read at all, not to mention well”, due to their language and speech deficits. Objectives of such
studies, however, have generally been rather specific questions, mainly on the aspect of phoneme awareness, seeking the
understanding of the learning process in reading.

More precise studies about the reading achievements of students with DS have been sparse and small-scale and therefore
not representative. In studies about reading achievements of students with ID in general, students with DS are often included
but not specifically mentioned - and these studies are sparse, too.
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Byrne et al. (1995) found an extremely broad variety of reading abilities among 24 students with Down syndrome, and
mention that as many as half of students with DS read at least 50 words (Buckley, Bird, & Byrne, 1996). These students were
traced in a two-year longitudinal study, finding them to progress significantly with single word reading, but progressing very
slowly with reading comprehension (Byrne et al., 2002). Turner, Alborz and Gayle (2008) found severity of intellectual
impairment to be by far the most significant predictor, but sum up that mainstream school attendance only had a modest
beneficial effect on academic skills (N=71).

Other studies looked at students with ID in general, which is an important comparison: Katims (2001) examined a sample
of 132 students in Texas and found 22% of them showing the full criteria of “minimal literacy”, including the ability to “(1)
recognize words within a narrative passage from an analytical reading inventory at least on the primer level; (2) comprehend
a narrative passage from an analytical reading inventory at least on the primer level; (3) write at least 2 letters or letter
combinations representing sounds in words on a phonemic awareness dictation task, and; (4) write at least two words
containing two or more letters each correctly spelled on a free-writing task” (Katims, 2001, 363). Koch (2008) also reports
extreme differences between two schools for students with ID in Germany. In one school 42% of the students were found to
be reading at an alphabetical level, in the other school only 7% read at the same stage. Ratz and Lenhard (2013) conducted a
study in German schools for ID questioning teachers, showing that among all students (N=1629) in these schools and
regardless of diagnosis 29.3% do not read at all, 6.8% read at a logographic stage, 31.9% at an alphabetic and 32% at an
orthographic level.

The present study takes a step backwards and focuses on prevalence of reading for the first time in a large and
representative sample of students with DS. Combining prevalence with a developmental model of reading may take a view
on the process of learning to read from another perspective, and thereby discuss previous research outcomes. The question
whether there is a specific profile in reading for individuals with DS compared to other students with ID is especially
interesting as there is a lot of specific knowledge about DS available which can be used to discuss the results - in comparison,
other diagnoses have been far less researched. Finding a specific profile in the reading development of students with DS
offers important information for educational concepts, in special education classes as well as in inclusive settings.

Previous research has discussed the specific role of phonological awareness (PA) among students with DS when learning
toread. PA is an important predictor of future reading ability and there has been much research into the question whether PA
plays the same role in the development of reading abilities for children with DS as for typically developing children (e.g.,
Verucci et al., 2006). Cossu, Rossini, and Marshall (1993) described Italian students with Down syndrome who were able to
read, but showed no PA abilities. Intensive research followed, criticizing methodological aspects (Byrne, 1993; Morton &
Frith, 1993), and establishing evidence that students with Down syndrome do show PA (e.g. Cupples & Iacono, 2000, 2002;
Fowler, Doherty, & Boynton, 1995; Goetz et al., 2008; Laws & Gunn, 2002; Snowling, Hulme, & Mercer, 2002). Similar
evidence has been described in regard to various languages such as French (Gombert, 2002), Italian (Verucci et al., 2006) and
German (Koch, 2008). This discussion has set the focus on a more differentiated view of PA, e.g. showing that rhyming is not
as important for developing reading abilities as phoneme segmentation (Melby-Lervag, Lyster, & Hulme, 2012). This may in
fact shift the importance of PA in general to a more specific view, emphasizing only certain aspects and avoiding others such
as rhyming and “odd one out” (Koch, 2008; Roch & Jarrold, 2008). Ultimately, this research shows that students with DS do
display PA abilities, but the weight of evidence suggests that this is poorer than their reading level and is correlated with
reading at a lower level than in typical development (Lemons & Fuchs, 2010; Ness, Lyster, Hulme, & Melby-Lervag, 2011).
Groen, Laws, Nation, and Bishop (2006) have even reported a case of DS with exceptional reading accuracy, associated with
robust phonological skills. Baylis and Snowling (2012) assume them to use different strategies in learning to read in
comparison to typically developing children. All these aspects may have been one reason why the whole word approach or
sight word reading is often recommended for teaching students with DS: (e.g. Oelwein, 1995, which is also available in
German; Baylis & Snowling, 2012; Fidler, Most, & Guiberson, 2005). This may be successful for increasing the number of
words to be read, but does not foster the phonological pathway which is the foundation for orthographic reading. Reading
instruction including PA and readings skills, however, shows to be beneficial for students in some recent studies for students
with ID (Browder, Ahlgrim-Delzell, Flowers, & Baker, 2012) as well as for students with DS (Burgoyne et al., 2012; Cologon,
Cupples, & Wyver, 2011).

Another issue related to developing reading abilities is the short term memory (STM). Again, DS has been in the focus of
research, and a specific profile of their STM has been described (Frenkel & Bourdin, 2009; Jarrold & Baddeley, 2001). Children
with Down syndrome seem to display a specific deficit in verbal STM, in contrast to visual and spacial material. For example,
Kay-Raining Bird and Chapman (1994) found a common verbal digit span for individuals with Down syndrome of 4,
compared with 5 in typically developing children at an equivalent level of intellectual functioning. Recently, Purser and
Jarrold (2013) found evidence that this verbal STM deficit does not underlie skills in phonemic discrimination. The impact of
this profile of verbal STM deficit on reading is evident, as when sounding out a word phoneme by phoneme one has to
remember the phonemes at the beginning of the word in order to finally recognize the word.

Other objectives of studies seeking to learn more about reading development in DS have been reading comprehension
(Levorato, Roch, & Beltrame, 2009; Roch & Levorato, 2010), language (Burgoyne et al., 2012), eye-movement patterns
(Frenck-Mestre, Zardan, Colas, & Ghio, 2010) and neuropsychological correlates of word identification (Fidler et al., 2005).

Frith’s model (1985) is the classic and well-known model of reading development, and originally described three stages,
the logographic, alphabetic and orthographic stage. In this model, learning to read necessarily evolves from one stage to
another, first the visually oriented, but not analytical, logographic stage, then the alphabetic stage with an emphasis on
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grapheme-phoneme allocation - sometimes also called the ‘phonological route’ (e.g., Roch & Jarrold, 2008), and finally the
orthographic stage, also called ‘visual route’, with increasing fluidity in reading, letter groupings and word structure.
However, there has been some discussion about the necessity of the logographic stage (e.g., Ehri & Wilce, 1985;
Masonheimer, Drum, & Ehri, 1984; see Ratz & Lenhard, 2013, for this discussion).

The present study investigates how many students with DS are able to read, and at which reading stage according to
Firth’s model they do this, and thus is able to describe reading prevalences for students with DS for the first time. Other than
samples from Great Britain (e.g., Byrne et al., 2002; Turner et al., 2008), the students in this sample are located exclusively in
special education schools for ID.

Correlations are made regarding gender, age, intensity of ID and family affluence. The group of students with DS is then
compared to students with ID due to mixed etiologies (“non-DS”) in subgroups matched in grades of ID according to ICD-10.
The aim is to express differentiated statements about the structure of the heterogeneity of students with DS, and to discuss
these with regard to the theoretical and empirical knowledge about DS. Hypothetically, it is supposed that students with DS
show a specific profile in their achievement in reading due to their very specific skills and deficits in PA and different STM
tasks described in various studies mentioned above. After all, PA and STM are very prominent predictors of reading.

2. Method
2.1. Participants

All 190 students with DS were part of a larger sample of 1629 students with ID as described in Ratz and Lenhard (2013)
and in Dworschak, Kannewischer, Ratz, and Wagner (2012). This original sample was chosen in Bavaria, one of the most
populated federal states in Germany with approximately 12.5 million inhabitants, by means of a stratified and randomized
sampling regarding settlement structure, region and school type as layers. As a result of this sampling, a complete inventory
had taken place in 20 schools (clusters), representing some 15% of all students with ID in Bavaria. Given these layers and the
return rate of 56%, all data were weighted according to the original population of students with ID amongst these layers
(Statistisches Bundesamt, 2011). There were no inclusive settings involved, as less than 2% existed in this region at the time
of investigation in January 2010. This study refers to all participants of the original sample whose diagnosis “Down
syndrome” was mentioned by the teachers, which have access to medical expert opinions. No further information as to the
type of DS was available (trisomy 21, mosaicism or translocation). Altogether, 126 different diagnoses were mentioned, such
as Fragile-X-syndrome (17 individuals), Angelman syndrome (12) or Williams syndrome (6), but no diagnosis was
mentioned for 39% of the whole sample.

Of the total number of participants with DS of which age and gender answers were given (n = 188), 39.8% were female and
60.2% were male (Table 1) - a proportion which is due to the fact that males are more vulnerable to DS. The range of ages was
6-20 years, on average 12.9 years (SD = 3.67), the female students being slightly older (M =13.1, SD = 3.80) than the male
students (M = 12.8, SD = 3.60). The teachers were asked to rank the severity of ID of each student according to ICD-10 - they
did this due to psychological tests, which each student in special schools for ID has run through, but no standard exists as to
which test is to be conducted; and due to their specific schooling and experience (see below). They labeled less than one fifth
(17.4%) as mild ID, the largest group by far as moderate ID (60.3%), 14.9% as severe ID and 5.6% as profound ID. This shows a
different distribution to the entire group of students with ID, where roughly one third was ranked as mild ID, another third as
moderate ID, and the last third as severe and profound ID (collapsed into one group) (Ratz & Lenhard, 2013). The intensity of

Table 1
Participants of the study.
Down syndrome Non-Down
n % Age O SD n % Age O SD
Male 113 60.2 12.8 3.60 891 62.6 12.6 3.81
Female 75 39.8 131 3.80 533 374 134 3.75
Age 6-10 64 343 8.9 1.26 484 34.3 8.9 1.53
Age 11-15 74 39.6 13.5 1.76 557 39.5 13.6 1.79
Age > 16 49 26.1 17.5 1.44 368 26.1 17.7 1.46
No ID 0 0.0 - - 16 1.1 113 4.47
Mild ID 33 174 104 3.01 496 34.5 123 3.76
Moderate ID 114 60.3 13.6 3.66 466 323 135 3.58
Severe ID 28 14.9 12.7 3.40 231 16.0 133 3.81
Profound ID 10 5.6 124 2.84 200 13.9 13.9 3.95
FAS1 19 171 11.2 3.01 331 43.7 12.8 3.73
FAS2 56 51.9 12.9 3.67 305 40.3 135 3.63
FAS3 34 31.0 13.6 3.82 121 16.0 12.9 3.49
Total 190 1439

ID, intellectual disability (ICD-10); FAS, Family Affluence Scale (Currie et al., 2008).
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ID (five grades) in male and female students with DS is similar (x?(4)=2.13, p=0.51).

The ages of the students were grouped according to German school stages, which are roughly similar to elementary,
secondary and high school (“Grundschulstufe”, “Hauptschulstufe” and “Berufsschulstufe”). The quota of students in these
age groups is not consistent as each stage has a different length: the youngest group 4 years (6-10), the middle group five
years (11-15) and the eldest group usually three years (16-18, though sometimes up to 21 years as some students are
granted extra time in school). 34.3% of the sample attended the elementary school stage, 39.6% the secondary stage and
26.1% the high school classes. These school stages have different educational emphases and instructional contents. For some
calculations the chronological age as a metric scale was applied.

2.2. Differences and similarities between participants with Down syndrome and other etiologies

Dividing the population of the original sample into a group of students with Down syndrome (n=190) and a group with
the remaining students (n = 1439) gives the opportunity to search for a specific profile in reading amongst students with DS.
The structure of these two groups is similar in some aspects, and diverging in others (Table 1). The students with DS show
almost no difference in the aspect of gender, 60.2% being male, compared with 62.6% males in the non-Down-group. Students
with DS are slightly younger (M = 12.9; SD = 3.67) than students in the non-DS-group (M = 13.1; SD = 3.79). The age grouping
is also almost identical, which appears when comparing the means (completely equal at M= 1.92"; SD=0.77) as well as the
shares in each group: Both groups of the students with DS were 6-10 years old (34.3%), 39.6% of the DS-group were11-15
years old (39.5% non-DS), and the over-16-year-olds were again identically old (26.1%). These aspects show that due to the
stratified and weighted random sampling the sample is very well balanced.

On the other hand, the DS group differs significantly from the mixed group in the aspect of ID (x%(4)=63.33, p < 0.01).
Almost two thirds of the students with DS are labeled as having a moderate ID by their teachers, mild and severe ID are
quoted nearly equally at around 15%, none of them has no ID and 5.6% are found to have profound ID. The other group with
mixed etiologies (non-Down) spreads far more evenly across the ID-groups, with a stress on mild ID (34.5%). If severe and
profound ID are taken together, which makes some sense in regard to teachers’ views, three approximately equal groups can
be found within students with mixed etiologies.

The family background also varies between these groups. Students with DS grow up in far wealthier families than other
students with ID. Typically developing children grow up in even wealthier families (FAS1: 7.8%, FAS2: 37.0%, FAS3: 55.2%;
Dworschak & Ratz, 2012, 45).

2.3. Measures and procedure

Frith’s developmental model of reading (1985) has been expanded by many researchers, including German authors. A
common German model (Valtin, 1997) divides Frith’s three steps into six, with the original structure still visible. This model
was chosen for questioning, as it is well known to German teachers and the questions are very descriptive. With reading
developing slower among students with ID, a model with more steps is obviously helpful in assessing the current reading
stage. Table 2 shows a comparison of both models and the way the answers corresponded to Frith's steps.

All data were given by the individual teachers of the students. This decision was made because a large proportion of
students with DS and ID cannot take part in standardized test routines, due to highly individual communication problems,
intellectual problems and behavior problems. However, teachers in special education schools have a very detailed
knowledge of their students as a result of small classes and a more embracing pedagogical view - this being closely related to
the above mentioned problems. Above all, contact to parents and other guardians are often intensive even in higher classes.
All teachers have a university degree in special education focusing on ID, comparable to a Master’s degree, and a subsequent
two-year teacher training, also specialized for students with ID. This university study as well as the teacher training
embraces an intensive diagnostic instruction, authorizing them for diagnosis and conducting psychological tests — which
belongs to their tasks as classroom teachers. Many have conducted psychological tests with their students, or can otherwise
refer to these reports and therefore know their students extremely well. For all these reasons, a questionnaire was designed
addressed to the teachers, one for each student, containing not only the reading questions in Table 2, but also relevant data
such as family affluence, intensity of ID, diagnosis and behavior.

Family affluence was measured using the Family Affluence Scale (FAS), which was developed for the ‘Health Behavior in
School-Aged Children Study’ (HBSC) of the WHO (Currie et al., 2008). FAS has been devised for children and uses four
questions, the number of cars in the family, the number of family holidays in the last twelve months, students having an own
room and the number of computers in the family. The answers add up to a maximum of seven scores, and are then divided
into an ordinal scale of 1, 2 and 3, higher numbers showing more wealth in the family. In contrast to the original use of FAS,
these questions were included in the questionnaire addressed to the teachers who were then able to ask students for
information, if necessary and possible. As argued above, it is assumed that teachers in these schools know their students and
their families well enough to answer these questions. Moreover, no other method can be found to assess these data about all
students with ID.

1 1 =elementary (6-10); 2 =secondary (11-15); 3 = high school (16-21).
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Table 2
Synopsis of reading stages in Frith’s (1985) and Valtin’s (1997) model.

Frith Valtin Reading

(Student does not read at all)
1. Pretends to read

1. Logographic 2. Guesses words

2. Alphabetic 3. Names phonemes
4, Reads letter by letter

3. Orthographic 5. Shows advanced reading abilities
6. Automatically identifies words

The questionnaire and the entire procedure were approved of by the Bavarian Federal Ministry for School Politics. The
parents of each participating student had confirmed their consent to the questionnaire.

3. Results
3.1. Reading skills of students with DS

Students with DS display a rather specific spread of achieved reading skills across all age and ID groups. In the opinion of
their teachers, half of these students read at an alphabetic level (49.4%; Table 3; Fig. 1), and nearly a quarter reads
orthographically (22.8%). 20.2% do not read at all, whereas only 7.6% read at a logographic stage.

The differences in gender are worth looking at, as the sizes of both of these groups with DS reported above differ quite a bit
and therefore questions arise. Both sexes show similar proportions of non-readers (Table 3). However, there are slight
differences in the alphabetic and orthographic stages indicating that girls are further developed. Nonetheless, these
differences show no significance in regard to reading in a 2 x 4 table (both sexes and four stages of reading) (x? (3) = 3.46;
p=0.32). The slightly younger mean age of the boys further underlines the missing significance.

When grouping the students with DS according to age groups (elementary, secondary and high school), a development of
reading skills from one age group to the other can be described (Table 3). These differences between the age groups, however,
closely miss significance in reading (Spearman r=0.138; p =0.054). When using exact age as a metric scale, a clearer and
significant result evolves (Spearman r=0.102; p = 0.000).

The severity of ID is closely related to reading achievements (Table 3). The composition of the group of illiterate students
is varied, and while half of the students with DS and severe ID (49.2%) can be described as illiterate, only few students with

Table 3
Prevalence rates of reading skills of students with DS (n=190) and mixed etiologies (non-Down) (n =1439).
Down syndrome Non-Down
n Reading stages in % n Reading stages in %
Not at all  Logographic  Alphabetic  Orthographic Not at all  Logographic  Alphabetic  Orthographic
Gender
Male 113 204 9.1 51.8 18.8 876 31.2 6.4 30.0 324
Female 75 20.2 54 454 29.0 526 283 7.2 29.0 35.5
Age
6-10 64 23.0 3.0 63.1 10.8 473 314 6.7 43.0 18.9
11-15 74 235 5.5 41.0 30.1 554 27.1 49 28.3 39.6
>16 49 113 17.2 42.8 28.8 362 325 9.4 15.3 42.8
ID
None 0 0 0 0 0 16 0 0 30.8 69.2
Mild 33 6.4 0 61.9 31.7 491 1.3 3.8 34.1 60.8
Moderate 114 8.9 10.9 53.2 27.1 462 16.0 9.4 43.6 31.0
Severe 28 49.2 6.8 41.5 24 229 68.6 13.1 134 49
Profound 10 100 0 0 0 189 996 0.4 0 0
FAS
1(0-3) 19 31.5 7.0 31.9 29.6 325 193 3.8 354 414
2(4;5) 56 17.0 5.5 51.1 26.4 301  30.0 6.1 25.6 38.2
3(6;7) 34 18.9 5.0 47.9 28.2 121 309 6.0 324 30.6
Total 189 20.2 7.6 494 22.8 1419  30.5 6.7 29.6 33.2

ID, intellectual disability (ICD-10); FAS, Family Affluence Scale.
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Fig. 1. Prevalence of reading stages: comparison of DS and non-DS-students (all ID-grades).

moderate (8.9%) or mild ID (6.4%) fall into this category. The same differences occur vice versa on the orthographic level: only
2.4% of students with severe ID were labeled orthographic readers, compared to 27.1% of those with moderate ID, and 31.7%
with mild ID. There is a strong correlation between ID and reading (Spearman r=-0.434; p < 0.01).

Family affluence, as measured with the FAS (Currie et al., 2008) (Table 3) shows no bivariate correlation in regard to
reading (Spearman r=0.083; p=0.382).

3.2. Comparison of Down syndrome with mixed etiologies (non-DS)

3.2.1. Reading stages in DS and non-DS in general

The first point of comparison is between all students with DS and all other students with ID attending special schools for
ID in Bavaria. This general comparison corresponds to the way they appear proportionally in the actual classes and therefore
influences the preparation for the classes. Descriptively, students with DS show a higher level of reading (M = 2.75, SD = 1.03)
than all other students with ID (M = 2.69, SD = 1.22). An analysis of covariance (ANCOVA) with reading level as the dependent
and ‘DS-non-DS’ as the independent variable, as well as severity of ID as the covariate, revealed that the biggest share of
variance was explained by the covariate, F(1, 1608) = 1742; p = 0.000; % = 0.521, whereas ‘DS-non-DS’ reveals a significant,
albeit small main effect as well, F(1, 1608)=2.935; p=0.043; n*=0.002).

Differences in the distribution of reading levels were analyzed post hoc via x2-tests. Achieved reading stages (0-3) differ
between these two groups (DS and non-DS) (Table 3 and Fig. 1) (x%(3)=32.36, p < 0.01). 30.5% of the students with non-DS
are “not reading at all”, compared to only 20.2% of those with DS. These numbers are almost reversed in the last stage, the
orthographic stage. According to their teachers, 22.8% of the DS students are able to read orthographically, compared with
33.2% in the non-DS group. The logographic stage is equally rarely mentioned (ca. 7%), which leaves the main difference in
the alphabetic stage: Nearly half of the DS students (49.4%), but less than one third (29.6%) of the non-DS students read
alphabetically.

There is not only a difference between the achieved reading stages as a whole. The results demonstrated an emphasis on
the alphabetical level, and this is confirmed by a further calculation. When comparing the alphabetic stage with the three
other stages taken together, Fisher’s exact test shows significance (p < 0.01, x%(1)=31.35). This is statistical evidence for the
emphasis on the alphabetical level amongst students with DS in general compared to students with other diagnoses with ID.

When considering the three age groups, the reading levels of DS and non-DS students progress from the 6-10 year-old
group to the 11-15 year-old group. But the reading levels of both DS and non-DS-students are only slightly higher in the last
age group. Within this group of over 16-year-olds there is a difference in regard to reading ability with more DS-students
than non-DS-students reading at the logographic stage.

3.2.2. Differential comparison of reading development

The finding above, the emphasis on the alphabetic level in the reading development of students with DS, is a hypothesis,
and attempting to prove a specific profile of reading development amongst students with DS requires parallelizing them as
far as possible, as the two groups differ in some aspects, as reported above. As the reading development is mainly correlated
to the severity of ID (see above; see also Ratz & Lenhard, 2013), further parallelizing efforts should take place in regard to the
ID groups. Hardly any students with or without DS learn to read when their ID is profound, therefore this group was excluded
from comparison, leaving the groups of severe, moderate and mild ID. As the sample was chosen randomly amongst clusters
(whole schools) and weighted to the layers of settlement structure, school type and political region (see Section 2), and the



4510 C. Ratz/Research in Developmental Disabilities 34 (2013) 4504-4514

100 -
mDown, severe ID (28)
mNon-Down, severe ID (229)
80 -
68.6
60
H 49.2
2
& 415
40
20 + 13.1 13.4
6.8
0- , . _ el
not at all logographic alphabetic orthographic

Reading stages

Fig. 2. Prevalence of reading stages: comparison of DS and non-DS-students (only severe ID).

weighting was active during all computing processes, DS and non-DS groups were parallelized according to these aspects as
well. The age grouping of both groups was also very even (Tables 1 and 3).

3.2.3. Severe ID-group

In fact, the reading in each of the three ID-groups shows these differences in the role of the alphabetic level, too. In the
severe ID group (Fig. 2), the largest number of students did not read at all, but there were noticeable differences: over a third
of the students with mixed etiologies (68.6%) versus half of the students with DS (49.2%). While hardly any of these students
with severe ID read at an orthographic level, there is a very specific difference on the alphabetic stage: 41.5% of the students
with DS read at this level, whereas only 13.4% of the non-DS students with severe ID do. Students with DS are shown to be
further ahead in reading with 1.97 in the mean (SD = 1.02) versus 1.55 in the non-DS-group (SD = 0.90). The distribution of
the stages amongst both groups differs (x%(3) = 14.47, p < 0.01). The emphasis on the alphabetic stage compared to all of the
other stages is repeated in this parallelized group according to Fisher’s exact test (p < 0.01, x(1)=15.63).

3.2.4. Moderate ID-group

The students with moderate ID seem to be distributed more equally (Fig. 3), and the majority of students in both groups
already read either at an alphabetic or orthographic stage. But the emphasis on the alphabetic stage amongst students with
DS is also evident in this group with 53.2% of them reading at this level, compared to 43.6% in the mixed group. The
differences between both groups are minor (x%(3) = 5.86, p = 0.12), but when comparing the alphabetic stage with the other
stages, Fisher’s exact test once again shows an emphasis on the alphabetic stage (p=0.03, x*(1)=3.91).

100 -
m Down, moderate ID (114)
mNon-Down, moderate 1D (462)
80 -
o 532
& .
o
2 43.6
<
o
40 -
31.0
271
20 16.0
8.9 109 94
not at all logographic alphabetic orthographic

Reading stages

Fig. 3. Prevalence of reading stages: comparison of DS and non-DS-students (only moderate ID).
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Fig. 4. Prevalence of reading stages: comparison of DS and non-DS-students (only mild ID).

3.2.5. Mild ID-group

This pattern continues when looking at students with mild ID (Fig. 4) (x(3)=17.45, p < 0.01). 61.9% of the students with
DS still remain at the alphabetic stage, compared to only 34.1% of those with mixed etiologies (non-DS). At an orthographic
level of reading the quota is nearly opposite: only 31.7% of students with DS reach this level, compared to 60.8% of non-DS-
students. When comparing the alphabetic stage with the other stages, students with DS and mild ID still show a prominent
emphasis on the alphabetic stage (Fisher’s exact test p < 0.01, x*(1)=9.82).

4. Discussion

The aim of the present study was to describe the level of reading skills of students with DS throughout their school years
(aged 6-20years), and then to compare them to students with ID deriving from all sorts of other diagnoses (non-DS), in order
to detect a specific profile in the reading development of students with DS. The data of the students were given by their
teachers using Valtin’s (1997) developmental model of reading; the answers were then converted into the three stages of
Frith’s model (1985).

The group of students with DS as a whole differs in some aspects from the other students with ID in these schools, but not
in others: The aspect of gender, with only one third of female students, is similar; this quota is specific for students in all
schools with special educational needs in Germany (Statistisches Bundesamt, 2011). The distribution of age is also identical,
this validating the sampling process. A difference between the group of students with DS and all other students with ID can
be found in the severity of ID according to ICD-10. The students with mixed etiologies (non-DS) spread quite evenly across all
groups (when severe and profound ID are combined into one group), while on the other hand nearly two thirds of the
students with DS are described as moderate ID by their teachers, showing a strong emphasis on this ID range. A further
difference between both groups can be seen in the family background as measured with FAS, which shows that, in the mean,
students with DS come from more wealthy families as students with mixed etiologies. But they still do not reach family
wealth of school aged children in general in Germany, and above all, the deviation is considerable.

The reading development of students with DS shows a strong emphasis on the alphabetic stage. This is noticeable when
looking at the group as a whole, and also when comparing the whole group to all other students with ID as they appear in
classroom, and it finally becomes evident when matching ID-groups are compared with one another.

The results of the students with DS offer more opportunities for interpretation than the results for students with other
diagnoses for ID as more details of a DS development profile are available. As reported above, individuals with DS seem to
have a specific profile of the short term memory (STM) (Frenkel & Bourdin, 2009; Jarrold & Baddeley, 2001; Kay-Raining Bird
& Chapman, 1994). This profile shows difficulties with the verbal STM, and nearly normal visual STM when compared with
nonverbal mental age, often also parallel to hearing impairments (Byrne et al., 2002). This knowledge corresponds very well
to the findings of this study, as the ability to read alphabetically means that the concept of phoneme and grapheme allocation
has been understood, and sounding out words grapheme by grapheme is beginning to take place. At this stage, verbal STM
plays a vital role as the reader has to memorize the identified phonemes from the beginning of the word onwards, in order to
put the meaning of the word together. When reading sentences, the previous words also have to be remembered. Difficulties
with the verbal STM seem to culminate in a thorough barrier toward the orthographic level of reading. The results of this
study show the impact of this specific profile of STM of students with DS on learning to read in comparison to students with
ID and mixed etiologies.
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This barrier between the alphabetic and the orthographic stage does not only affect students with higher reading abilities,
which is particularly evident when comparing those students with mild ID (Fig. 4); students with DS in the severe ID-group
also have an emphasis on the alphabetic stage, and - in contrast to the lag in the mild ID-group - now prove to be far ahead in
reading (Fig. 2). A possible explanation for this result may be the other aspect of the specific STM profile of students with DS:
Difficulties with the verbal STM had explained the barrier, whereas their nearly normal visual STM may help them to learn
phoneme-grapheme allocation more easily, and this is a precondition for the alphabetic stage of reading.

How does this outcome affect reading instruction? Several aspects may be discussed. One of them is the way in which
students with DS are taught to read. Some authors suggest teaching to read with sight words as a specific method for
students with DS, e.g. Oelwein (1995) (Baylis & Snowling, 2012; Browder & Xin, 1998; Fidler et al., 2005; Roch & Jarrold,
2008). A strong visual STM enables students with DS to memorize pictures fairly easily. As sight words can actually be
memorized as pictures, the result is that they have hardly any difficulties in learning a considerable amount of sight words.
However, it must be kept in mind that teaching to read only with sight words does not lead to orthographic reading (e.g.,
Dehaene, 2009). This stage of reading only derives from a thorough insight in reading, containing a complete understanding
of grapheme-phoneme allocation. From this point onwards, orthographic reading develops along with practice. The
alphabetic stage cannot be skipped by teaching sight words, although trained readers in fact also read sight words - but only
after having passed through the alphabetic stage. Recent evidence that phonics skills are highly relevant for developing full
literacy in comparison with sight word teaching for students with severe developmental disabilities has been found by
Browder et al. (2012) (see also Burgoyne et al., 2012 and Groen et al., 2006).

For the process of teaching students with DS, an impaired verbal STM must be considered. Koch (2008) has pointed out
that a verbal three span task is sufficient for reading if one takes into account that phonemes can be grouped to syllables, thus
reducing the amount of elements to be memorized. But this requires an appropriate method of teaching which trains the task
of syllable-reading.

Taken together, the results of this study, which align well with their profile of STM found in other research, lead to the
following recommendations: although a strong visual STM makes students with DS learn sight words easily, this is not a path
to literacy. Practice in phonological awareness, learning phonics and sounding short words out is essential. The specific
impairment in their verbal STM will presumably lead to difficulties when sounding out longer words, this has to be taken into
account. Teaching these students to read by syllables seems a reasonable consequence, and requires offering word material
with marked syllables such as bows beneath each syllable or syllables in different colors. Effects of these teaching efforts,
however, are hypothetic and remain to be proved.

Another aspect that, however, turns out to be minor is the different sociocultural background of students with DS.
According to the FAS measurement, their families are wealthier than those of non-DS students with ID, but still far less
wealthy than typically developing school aged children in Germany. This can be described as a specific situation of students
with DS, and in contrast to many other students with ID. It remains to be said that despite this profile amongst Down
syndrome, there is still an enormous variance among individuals with DS deriving from diverging sociocultural backgrounds
as well as genetic differences in each individual.

4.1. Study limitations

The three different types of DS (trisomy 21, mosaicism or translocation) were not taken into account in this study. As
there is no reason for systematic influences, it is assumed they occur at random and in the same proportion as usual. The
phonological awareness has also not been taken into account, which is an important predictor for reading.

The differences between reading in German and English are well-known (Landerl, Wimmer, & Frith, 1997; Seymour, Aro,
& Erskine, 2003; Wimmer, Hartl, & Moser, 1990), and mainly bear on the logographic stage being less important in German.
This results from a more shallow orthography in German, which seems to make it easier to learn to read. While the results of
this study are not affected by this as it only considers German schools, these differences need to be kept in mind when
comparing the results with other languages.

Future research may also attempt to improve assessment of academic achievements of students with ID. This includes
teacher training on collecting data, as well as developing instruments, such as the Academic Attainments Index (AAI), which
comprises three subscales covering reading, writing and numeracy (Sloper, Cunningham, Turner, & Knussen, 1990).

An important future research field is the consequence of these findings for teaching. As pointed out, sight or whole word
reading is not appropriate for gaining a thorough insight in reading, and the outcome of learning to read by syllables for
students with ID as suggested here has to be investigated further. The outcome of research on students with DS may also be
exemplary for many other diagnoses for ID, such as Williams’ syndrome, Fragile X and many other genetic syndromes. It
seems likely that students with other syndromes also have a specific learning profile for reading and further research will be
of interest to the development of teaching. Research on learning profiles will be relevant to many other learning areas or
domains, such as language and numeracy.

References

Baylis, P., & Snowling, M. J. (2012). Evaluation of a phonological reading programme for children with Down syndrome. Child Language Teaching and Therapy, 28(1),
39-56. http://dx.doi.org/10.1177/0265659011414277



C. Ratz/Research in Developmental Disabilities 34 (2013) 4504-4514 4513

Browder, D. M., Ahlgrim-Delzell, L., Flowers, C., & Baker, J. (2012). An evaluation of a multicomponent early literacy program for students with severe
developmental disabilities. Remedial and Special Education, 33(4), 237-246. http://dx.doi.org/10.1177/0741932510387305

Browder, D. M., & Xin, Y. P. (1998). A meta-analysis and review of sight word research and its implications for teaching functional reading to individuals with
moderate and severe disabilities. Journal of Special Education, 32(3), 130-153.

Buckley, S. (1985). Attaining basic educational skills: Reading, writing and number. In D. Lane & B. Stratford (Eds.), Current approaches to Down’s syndrome (pp.
315-343). New York: Praeger Press.

Buckley, S., Bird, G., & Byrne, A. (1996). The practical and theoretical significance of teaching literacy skills to children with Down'’s. In J. A. Rondal (Ed.), Down’s
syndrome. Psychological, psychobiological, and socio-educational perspectives (pp. 119-128). London: Whurr Publishers.

Burgoyne, K., Duff, F. J., Clarke, P. J., Buckley, S., Snowling, M. ]., & Hulme, C. (2012). Efficacy of a reading and language intervention for children with Down
syndrome: A randomized controlled trial. Journal of Child Psychology and Psychiatry, 53(10), 1044-1053. http://dx.doi.org/10.1111/j.1469-7610.2012.02557.x

Byrne, A. (1993). Learning to read in the absence of phonemic awareness? (Remarks on Cossu, Rossini & Marschall, 1993). Cognition, 48, 281-283.

Byrne, A., Buckley, S., MacDonald, J., & Bird, G. (1995). Investigating the literacy, language and memory skills of children with Down’s syndrome. Down Syndrome
Research and Practice, 3(2), 53-58.

Byrne, A., MacDonald, J., & Buckley, S. (2002). Reading, language and memory skills: A comparative longitudinal study of children with Down syndrome and their
mainstream peers. British Journal of Educational Psychology, 72, 513-529.

Cardoso-Martins, C., Peterson, R., Olson, R., & Pennington, B. (2009). Component reading skills in Down syndrome. Reading and Writing, 22(3), 277-292. http://
dx.doi.org/10.1007/s11145-007-9114-6

Cologon, K., Cupples, L., & Wyver, S. (2011). Effects of targeted reading instruction on phonological awareness and phonic decoding in children with Down
syndrome. American Journal on Intellectual and Developmental Disabilities, 116(2), 111-129. http://dx.doi.org/10.1352/1944-7558-116.2.111

Cossu, G., Rossini, F., & Marshall, J. (1993). When reading is acquired but phonemic awareness is not: A study of literacy in Down’s syndrome. Cognition, 46, 129-
138.

Cupples, L., & Iacono, T. (2000). Phonological awareness and oral reading skill in children with Down syndrome. Journal of Speech, Language, and Hearing Research,
43, 595-608.

Cupples, L., & [acono, T. (2002). The efficacy of ‘whole word’ versus ‘analytic’ reading instruction for children with Down syndrome. Reading and Writing, 15, 549~
574. http://dx.doi.org/10.1023/A:1016385114848

Currie, C., Molcho, M., Boyce, W., Holstein, B., Torsheim, T., & Richter, M. (2008). Researching health inequalities in adolescents: The development of the Health
Behaviour in School-Aged Children (HBSC) Family Affluence Scale. Social Science and Medicine, 66(6), 1429-1436. http://dx.doi.org/10.1016/j.s0cs-
cimed.2007.11.024

Dehaene, S. (2009). Reading in the brain: The science and evolution of a human invention. New York, NY: Viking.

Dworschak, W., Kannewischer, S., Ratz, C., & Wagner, M. (Eds.). (2012). Schuelerschaft im Foerderschwerpunkt geistige Entwicklung. Eine empirische Studie [Students
with intellectual disabilities. An empirical study.] Oberhausen: Athena.

Dworschak, W., & Ratz, C. (2012). Soziobiografische Aspekte der Schuelerschaft mit dem Foerderschwerpunkt geistige Entwicklung [Sociobiographic aspects
amongst students with intellectual disabilities.]. In W. Dworschak, S. Kannewischer, C. Ratz, & M. Wagner (Eds.), Schuelerschaft im Foerderschwerpunkt geistige
Entwicklung. Eine empirische Studie (pp. 27-48). Oberhausen: Athena.

Ehri, L. C., & Wilce, L. S. (1985). Movement into reading: Is the first stage of printed word learning visual or phonetic? Reading Research Quarterly, 20(2), 163-179.

Fidler, D. J., Most, D. E., & Guiberson, M. M. (2005). Neuropsychological correlates of word identification in Down syndrome. Research in Developmental Disabilities,
26(5), 487-501. http://dx.doi.org/10.1016/j.ridd.2004.11.007

Fletcher, H., & Buckley, S. (2002). Phonological awareness in children with Down syndrome. Down Syndrome Research and Practice, 8(1), 11-18. http://dx.doi.org/
10.3104/reports.123

Fowler, A. E., Doherty, B.]., & Boynton, L. (1995). The basis of reading skill in young adults with Down syndrome. In L. Nadel & D. Rosenthal (Eds.), Down syndrome.
Living and learning in the community (pp. 182-196). New York: Wiley-Liss.

Frenck-Mestre, C., Zardan, N., Colas, A., & Ghio, A. (2010). Eye-movement patterns of readers with Down syndrome during sentence-processing: An exploratory
study. American Journal on Intellectual and Developmental Disabilities, 115(3), 193-206. http://dx.doi.org/10.1352/1944-7558-115.3.193

Frenkel, S., & Bourdin, B. (2009). Verbal, visual, and spatio-sequential short-term memory: Assessment of the storage capacities of children and teenagers with
Down'’s syndrome. Journal of Intellectual Disability Research, 53(2), 152-160. http://dx.doi.org/10.1111/j.1365-2788.2008.01139.x

Frith, U. (1985). Beneath the surface of developmental dyslexia. Are comparisons between developmental and acquired disorders meaningful? In K. Patterson, J. C.
Marshall, & M. Coltheart (Eds.), Surface dyslexia. Neuropsychological and cognitive studies of phonological reading (pp. 301-330). London/Hillsdale, NJ: L.
Erlbaum Associates.

Groen, M. A, Laws, G., Nation, K., & Bishop, D. V. M. (2006). A case of exceptional reading accuracy in a child with Down syndrome: Underlying skills and the
relation to reading comprehension. Cognitive Neuropsychology, 23(8), 1190-1214. http://dx.doi.org/10.1080/02643290600787721

Goetz, K., Hulme, C., Brigstocke, S., Carroll, J. M., Nasir, L., & Snowling, M. (2008). Training reading and phoneme awareness skills in children with Down syndrome.
Reading and Writing, 21(4), 395-412. http://dx.doi.org/10.1007/s11145-007-9089-3

Gombert, J.-E. (2002). Children with Down syndrome use phonological knowledge in reading. Reading and Writing, 15, 455-469. http://dx.doi.org/10.1023/
A:1016324016485

Jarrold, C., & Baddeley, A. D. (2001). Short-term memory in Down syndrome: Applying the working memory model. Down Syndrome Research and Practice, 7(1),
17-23.

Katims, D. S. (2001). Literacy assessment of students with mental retardation: An exploratory investigation. Education and Training in Mental Retardation and
Developmental Disabilities, 36(4), 363-372.

Kay-Raining Bird, E., & Chapman, R. S. (1994). Sequential recall in individuals with Down syndrome. Journal of Speech and Hearing Research, 37(6), 1369-1380.

Koch, A. (2008). Die Kulturtechnik Lesen im Unterricht fiir Schiiler mit geistiger Behinderung. Lesen lernen ohne Phonologische Bewusstheit? [The cultural technique of
reading in schools for students with intellectual disabilities: Learning to read without phonological awareness?] GieBen: Justus-Liebig-Universitdt GieRRen
Retrieved from http://geb.uni-giessen.de/geb/volltexte/2008/6247/pdf/KochArno-2008-28-05.pdf.

Landerl, K., Wimmer, H., & Frith, U. (1997). The impact of orthographic consistency on dyslexia: A German-English comparison. Cognition, 63(2), 315-334.

Laws, G., & Gunn, D. (2002). Relationships between reading, phonological skills and language development in individuals with Down syndrome: A five year
follow-up study. Reading and Writing, 15(5/6), 527-548. http://dx.doi.org/10.1023/A:1016364126817

Lemons, C. ]., & Fuchs, D. (2010). Phonological awareness of children with Down syndrome: Its role in learning to read and the effectiveness of related
interventions. Research in Developmental Disabilities, 31(2), 316-330. http://dx.doi.org/10.1016/j.ridd.2009.11.002

Levorato, M. C., Roch, M., & Beltrame, R. (2009). Text comprehension in Down syndrome: The role of lower and higher level abilities. Clinical Linguistics and
Phonetics, 23(4), 285-300. http://dx.doi.org/10.1080/02699200802673259

Masonheimer, P. E., Drum, P. A,, & Ehri, L. C. (1984). Does environmental print identification lead children into word reading? Journal of Reading Behavior, 16(4),
257-271.

Melby-Lervag, M., Lyster, S.-A.H., & Hulme, C. (2012). Phonological skills and their role in learning to read: A meta-analytic review. Psychological Bulletin, 138(2),
322-352. http://dx.doi.org/10.1037/a0026744

Morton, J., & Frith, U. (1993). What lesson for dyslexia from Down’s syndrome?. Comments on Cossu, Rossini, Marshall. Cognition, 48, 289-303.

Nass, K.-A.B., Lyster, S.-A.H., Hulme, C., & Melby-Lervag, M. (2011). Language and verbal short-term memory skills in children with Down syndrome: A meta-
analytic review. Research in Developmental Disabilities, 32(6), 2225-2234. http://dx.doi.org/10.1016/j.ridd.2011.05.014

Oelwein, P. L. (1995). Teaching reading to children with Down syndrome: A guide for parents and teachers. Bethesda, MD: Woodbine House.

Purser, H.R., & Jarrold, C. (2013). Poor phonemic discrimination does not underlie poor verbal short-term memory in Down syndrome. Journal of Experimental Child
Psychology, 115(1), 1-15. http://dx.doi.org/10.1016/j.jecp.2012.12.010



4514 C. Ratz/Research in Developmental Disabilities 34 (2013) 4504-4514

Ratz, C., & Lenhard, W. (2013). Reading skills among students with intellectual disabilities. Research in Developmental Disabilities, 34(5), 1740-1748. http://
dx.doi.org/10.1016/j.ridd.2013.01.021

Roch, M., & Jarrold, C. (2008). A comparison between word and nonword reading in Down syndrome: The role of phonological awareness. Journal of
Communication Disorders, 41(4), 305-318. http://dx.doi.org/10.1016/j.jcomdis.2008.01.001

Roch, M., & Levorato, M. C. (2010). Idiom understanding in children and adolescents with Down syndrome: The role of text comprehension skills. Applied
Psycholinguistics, 31(03), 531-550. http://dx.doi.org/10.1017/S014271641000010X

Seymour, P. H. K., Aro, M., & Erskine, ]. M. (2003). Foundation literacy acquisition in European orthographies. British Journal of Psychology, 94(2), 143-174. http://
dx.doi.org/10.1348/000712603321661859

Sloper, P., Cunningham, C., Turner, S., & Knussen, C. (1990). Factors related to the academic attainments of children with Down'’s syndrome. British Journal of
Educational Psychology, 60, 284-298.

Snowling, M. ]., Hulme, C., & Mercer, R. C. (2002). A deficit in rime awareness in children with Down syndrome. Reading and Writing, 15(5/6), 471-495. http://
dx.doi.org/10.1023/A:1016333021708

Statistisches Bundesamt. (2011). Bildung und Kultur. Aligemeinbildende Schulen. Schuljahr 2009/2010 [Official statistical report for schools in Germany]. Retrieved
from https://www.destatis.de/DE/Publikationen/Thematisch/BildungForschungKultur/Schulen/AllgemeinbildendeSchulen2110100107004.pdf?__blob=pu-
blicationFile.

Turner, S., Alborz, A., & Gayle, V. (2008). Predictors of academic attainments of young people with Down'’s syndrome. Journal of Intellectual Disability Research,
52(5), 380-392. http://dx.doi.org/10.1111/j.1365-2788.2007.01038.x

Valtin, R. (1997). Stufen des Lesen- und Schreibenlernens. Schriftspracherwerb als EntwicklungsprozeR [A developmental model of reading]. In D. Haarmann
(Ed.), Handbuch Grundschule (pp. 76-88). Weinheim, u.a. Beltz.

Verucci, L., Menghini, D., & Vicari, S. (2006). Reading skills and phonological awareness acquisition in Down syndrome. Journal of Intellectual Disability Research,
50(7), 477-491. http://dx.doi.org/10.1111/j.1365-2788.2006.00793.x

Wimmer, H., Hartl, M., & Moser, E. (1990). Passen englische Modelle des Schriftspracherwerbs auf deutsche Kinder? Zweifel an der Bedeutsamkeit der
Logographischen Stufe. [Do “English” models of learning to read fit to “German” children?. Doubts upon the significance of the logographic stage.]|. Zeitschrift
fuer Entwicklungspsychologie und Pddagogische Psychologie, 22(2), 136-154.



