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Abstract

We tested sensitivity to coherent motion (CM) in random dot kinematograms in a group of 5-year-old preschool children genetically
at risk for dyslexia, compared to a group of well-matched control children. No significant differences were observed, either in a group
analysis or in an individual deviance analysis. Nonetheless, CM-thresholds were significantly related to emerging orthographic skills. In a
previous study on the same subjects (Boets, Wouters, van Wieringen, & Ghesquicre, in press), we demonstrated that both risk groups
already differed on measures of phonological awareness and letter knowledge. Moreover, auditory spectral processing (especially
2 Hz FM detection) was significantly related to phonological ability. In sum, the actual visual and previous auditory data combined,
seem to suggest an exclusive relation between CM sensitivity and orthographic skills on the one hand, and FM sensitivity and phono-

logical skills on the other.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Developmental dyslexia is a specific failure to acquire
reading and spelling skills despite adequate intelligence
and education, affecting around 5-10% of children and
adults. The predominant etiological view postulates that
dyslexia results from a phonological deficit (Snowling,
2000). However, extensive research during the last decade
also demonstrated a specific sensory processing deficit in
individuals with dyslexia and it has been suggested that this
deficit might be causal to both the observed phonological
and literacy problems (Farmer & Klein, 1995; Stein,
2001). To investigate the assumed causality of this sensorial
deficit hypothesis we assessed auditory and visual process-
ing in two contrasting groups of 5-year-old preschool chil-
dren, a genetically high risk and a genetically low risk
group. In a previous paper (Boets, Wouters, van Wierin-
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gen, & Ghesquiere, in press) we reported the absence of a
significant group difference for any of three administered
auditory measures, in the presence of a significant differ-
ence for phonological awareness and letter knowledge.
However, spectral auditory tasks (particularly 2 Hz fre-
quency modulation detection) turned out to be highly sig-
nificantly related to phonological awareness. In this
paper, we will focus upon sensory processing in the visual
modality, assessed in the same group of preschool children.
In particular, we consider the question whether a deficit in
coherent motion processing may already be observable in
preschool children at risk of dyslexia and we investigate
the relationship between motion processing and developing
literacy skills.

Within the visual modality, dyslexia research has mainly
focused upon sensory processing in the magnocellular visu-
al pathway. Early studies using stimuli that assess the
peripheral visual system (e.g., contrast sensitivity and flick-
er sensitivity paradigms) demonstrated that dyslexics tend
to show a deficit in processing stimuli with low spatial
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and high temporal resolution (for a review, see Lovegrove,
1996; but see Skottun, 2000 for a critical revision). More
recently, interesting results have also been obtained with
stimuli that imply higher level magnocellular functioning
such as coherent motion detection tasks (CM). These tasks,
relying predominantly upon processing in area V5/MT of
the cortex, have proven to differentiate relatively reliable
between groups of dyslexic and normal reading subjects
(Cornelissen, Richardson, Mason, Fowler, & Stein, 1995;
Everatt, Bradshaw, & Hibbard, 1999; Hansen, Stein, Orde,
Winter, & Talcott, 2001; Raymond & Sorensen, 1998; Rid-
der, Borsting, & Banton, 2001; Talcott, Hansen, Assoku, &
Stein, 2000; Talcott et al., 2003; Van Ingelghem, Boets, van
Wieringen, Ghesquiere, & Wouters, 2004; Wilmer, Rich-
ardson, Chen, & Stein, 2004; Witton et al., 1998). More-
over, functional imaging studies have confirmed that
activation of area V5/MT in response to coherent motion
stimuli was not as robust in dyslexics compared to controls
(Eden et al., 1996). Demb, Boynton, and Heeger (1997)
have even demonstrated a reliable relation between the
magnitude of the hemodynamic BOLD-response in extras-
triate area MT and overall reading skills in dyslexic sub-
jects. In psychophysical studies too, sensitivity to motion
stimuli has been related to (nonword) reading ability (Tal-
cott et al., 1998; Van Ingelghem et al., 2004; Witton et al.,
1998), orthographic ability (Talcott, Hansen, et al., 2000;
Talcott, Witton et al., 2000; Talcott et al., 2002; Van
Ingelghem et al., 2004) and letter position encoding (Cor-
nelissen et al., 1998). However, evidence of a motion coher-
ence deficit in dyslexia is not yet unequivocal since some
studies failed to find differentiating thresholds (Amitay,
Ben-Yehudah, Banai, & Ahissar, 2002; Hulslander et al.,
2004; Kronbichler, Hutzler, & Wimmer, 2002; Ramus
et al., 2003). Moreover, a deficit in motion processing
might not be an exclusive characteristic of dyslexia, since
it has also been demonstrated in other developmental dis-
orders like for example autism (Milne et al., 2002) and Wil-
liams-syndrome (see e.g., Atkinson et al., 1997).
Regarding the specific mechanism by which coherent mo-
tion sensitivity may limit normal literacy development, there
is still much speculation. Since CM-thresholds are a robust
measure of magnocellular processing and since this visual
subsystem is mostly involved in encoding spatial informa-
tion, it is probable that poor magnocellular functioning
might result in uncertainty about letter position while read-
ing and writing (Cornelissen et al., 1998). Furthermore, a
magnocellular deficit has also been related to binocular
instability and poor eye movement control, visual attention
and visual search—all factors that might interfere with the
development of orthographic skills and subsequent reading
and spelling skills (Stein & Talcott, 1999; Stein, 2001; Tal-
cott, Hansen, et al., 2000; Talcott, Witton et al., 2000).
Notwithstanding the considerable empirical evidence
that CM-thresholds are able to differentiate reliably be-
tween adult and school-aged dyslexic and normal reading
subjects, the differentiating and predictive power of this
task has never been investigated in preschool children. In

this study, we want to address this issue. Furthermore, to
investigate the specific relation between sensory processing
and different aspects of literacy development, we will also
integrate the previously administered phonological mea-
sures and the 2 Hz FM detection thresholds in our correla-
tion analyses. This has been done since in a series of former
studies CM detection has gradually been linked to FM
detection (see e.g., Witton et al., 1998; Talcott, Hansen,
et al., 2000; Talcott, Witton et al., 2000; Talcott et al.,
2002; Talcott et al., 2003). According to Talcott, Witton,
and colleagues both psychophysical tasks could be regard-
ed as ‘dynamic’ stimuli tasks by relying upon long-duration
stimuli that require the perception of a dimension changing
in time (‘perception of rate’). While CM detection depends
on the successful detection and integration of local motion
signals over both time and space, FM detection depends on
tracking the dynamic changes in the frequency of a tone
over time. Interestingly, in some recent studies where FM
and CM-detection tasks have been administered to the
same subjects (school-aged children), it has been demon-
strated that orthographic skills co-vary most strongly with
CM sensitivity, whereas phonological skills co-vary most
strongly with FM sensitivity (Talcott, Hansen, et al.,
2000; Talcott, Witton et al., 2000; Talcott & Witton,
2002). In this study we will explore whether these specific
relations might already be present in preschool subjects.

2. Materials and methods
2.1. Participants

Sixty-two 5-year-old children attending the last year of
kindergarten' were included in the study (36 boys/26 girls).
Half of the participants were children of ‘dyslexic families’,
the so-called high-risk group (HR); the other half were con-
trol children of ‘normal reading families,” the so-called low-
risk group (LR). All children were native Dutch speakers
without any history of brain damage, long term hearing
loss or visual problems. Additionally, at the moment of
data collection they did not present any gross deficiencies
in visual acuity (Landolt-C single optotypes Snellen acuity
>0.85) and/or audiology (audiometric pure-tone average
<25dB HL). The HR children were selected on a basis of
having at least one first-degree relative with a diagnosis
of dyslexia. The LR children showed no history of speech
or language problems and none of their family members
suffered any learning or language problems. For every indi-
vidual HR child we selected the best matching LR control
child based on five criteria: (1) educational environment,
i.e., same nursery school, (2) gender, (3) age, (4) nonverbal
intelligence, and (5) parental educational level. Nonverbal
intelligence was assessed by an adapted version of the Rav-
en Coloured Progressive Matrices (RCPM) (Raven, Court,

' In the Belgian school system formal instruction starts in Grade 1 at 6
years. This means in kindergarten no reading instruction is offered.
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Table 1

Characteristics of participants and coherent motion detection thresholds
Measures HR LR P

M SD M SD

Nonverbal IQ 107 14 111 13 .07¢
Age in months 68 3 68 3 .83%
Best CM1 (% coherence) 0.19 0.11 0.17 0.08 280
Best CM2 (% coherence) 0.22 0.13 0.19 0.09 .14°

AV CM1/2 (% coherence) 0.20 0.12 0.18 0.09 .19°

Note. BestCM1-2: best and second best CM threshold, AVCM1/2: aver-
age of the two best CM thresholds.

@ Paired 1 test.

® Paired wise MMA controlled for nonverbal 1Q, age and parental
educational level.

& Raven, 1984), a collective non-verbal intelligence test
measuring spatial reasoning. Parental educational level
was assessed using the ISCED-scale (International Stan-
dard Classification of Education by UNESCO, 1997), by
converting classifications on the original seven-point scale
to a three-point scale. Further details about the partici-
pants and the selection procedure are described in Boets
et al. (in press).

Table 1 gives descriptive characteristics of both groups.
At the time of collecting the visual data the mean age for
both the HR and LR group was 5 years and 8 months,
not being statistically different (p =.83). The nonverbal
1Q scores were slightly above population average (107 for
HR group and 111 for LR group) and did not differ signif-
icantly (p =0.07). Fisher’s Exact Test also confirms that
both groups did not differ in frequency distribution of the
different educational categories (p = .71 for maternal and
p = .43 for paternal educational level).

2.2. Apparatus

2.2.1. Phonological tests

Phonological skills were assessed by a broad test battery
comprising eight tests. A principal component factor
analysis with varimax rotation confirmed that the battery
reflected the three traditional phonological domains: (a)
phonological awareness (Phon Awareness): high loadings
from first-sound and end-sound identity task, rhyme identity
task and simple rhyme task, (b) rapid automatic naming
(RAN): high loadings from both the colours and objects
rapid automatic naming tasks and (c) verbal short-term
memory (Verbal STM): high loadings from the nonword rep-
etition task and the digit span forward task. Details about
the composition of the battery can be found in Boets et al.
(in press); in this paper, we will only refer to the factor scores.

2.2.2. Productive letter knowledge

This task was intended as a preliminary measure of lit-
eracy development. The 16 most frequently used letters in
Dutch books were presented on a card and the child had
to name each of these letters. Both the sound and the name
of a letter were considered correct.

2.2.3. CM-detection test

For the CM-detection test, children were sitting in a
low-luminance (mesopic) environment at 40 cm distance
from an Elo Intuitive 1725L 17 in. touch screen (75 Hz re-
fresh rate) on which the random dot kinematograms
(RDK) were displayed. The display resolution was set to
640 x 480 pixels. The stimuli were generated online by a
portable computer (Dell Latitude C800 and Toshiba Satel-
lite 1400-103) and comprised of two rectangular patches,
each containing 1103 randomly moving high luminance
white dots on a black background (dot size =1 pixel or
0.07° diameter, dot density = 2.5 dots/deg®, veloci-
ty = 7.3 deg/s, life time = 5 video frames or 200 ms, maxi-
mal duration of stimulus presentation = 6 s, luminance of
dots = 125 cd/m?, luminance of background = 0.39 cd/
m?, Michelson contrast = 99.4%). At a viewing distance
of 40 cm each patch of dots subtended 16 x 27.2° visual an-
gle, separated horizontally by 3.8°. The target patch was
segregated into three horizontal strips (see Gunn et al.,
2002); in the middle strip a variable proportion of dots
were moving coherently in horizontal direction, reversing
direction every 330 ms—creating as such the impression
of ‘an emerging road in the snow.” All other dots were mov-
ing randomly in a Brownian manner. The two patches were
presented simultaneously and the subject had to identify
the patch containing the strip with coherently moving dots.
Threshold was defined as the smallest proportion of coher-
ently moving dots required for detection of the middle strip
with reversing dot motion. Thresholds were estimated
using a two-down, one-up adaptive staircase paradigm,
which targeted the threshold corresponding to 70.7% cor-
rect responses (Levitt, 1971). Percentage coherence in the
middle strip of the target patch started at 100% and de-
creased with a factor of 1.16. After four reversals factor
1.14 was used. A threshold run was terminated after eight
reversals and thresholds for an individual run were calcu-
lated by the geometric mean of the values of the last four
reversals. For every subject four thresholds were deter-
mined. Prior to data collection, participants were given a
short period of practice, comprising supra-threshold trials,
to familiarise them with the stimuli and the task.

To ensure the child’s attention and motivation we inte-
grated the psychophysical test in a computer game with ani-
mation movies, aimed to transform the abstract meaningless
stimuli into a concrete and well-known ‘daily life signal.” Be-
fore administering the CM-detection experiment children
watched an introductory animation movie about a little
dog and a little bear getting lost in the snow (see Fig. 2A).
The children were asked to help them find their way home
again by visually inspecting each stimulus patch and report-
ing which patch contains the road to get home (inspired by
work of Atkinson et al., 2003). Immediately after the child’s
response, corresponding auditory feedback was presented.

2.2.4. FM-detection test
In this test participants had to detect a 2 Hz sinusoidal
frequency modulation of a 1 kHz carrier tone with varying
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modulation depth. Threshold was defined as the minimum
depth of frequency deviation required to detect the modu-
lation. Modulation depth decreased with a factor 1.2 from
100 towards 11 Hz, from where a fixed step size of 1 Hz
was used. The length of both the reference and the target
stimulus was 1000 ms including 50 ms cosine-gated onset
and offset. Stimuli were generated in MATLAB 5.1 and
saved as 16-bit wav-files (sample frequency 44,100 Hz) on
the hard disc of the same portable computers as used for
the CM-experiment. They were presented using an inte-
grated audio PC-card and routed to an audiometer (Mad-
sen OB622) to control the level of presentation. The stimuli
were presented monaurally over a calibrated TDH-39
headphone at 70 dB SPL with an ISI of 350 ms. FM-
thresholds were estimated using a three-interval forced-
choice oddity paradigm embedded within an interactive
computer game with animation movies (see Fig. 2B) (La-
neau, Boets, Moonen, van Wieringen, & Wouters, 2005).
Similarly to the CM-experiment a two-down, one-up adap-
tive staircase procedure was used and threshold was calcu-
lated as the geometric mean of the values of the last four of
eight reversals. After a short period of practice, three
thresholds were determined for every subject. For the cor-
relation data we present here, the average of the best and
second best threshold was used as an indicator of FM sen-
sitivity. A more detailed description of the stimuli, proce-
dure and results can be found in Boets et al. (in press).

Data collection were carried out by qualified psycholo-
gists and audiologists. Testing took place in a quiet room
at the children’s school. Since the LR child was selected
from the HR child’s classmates, both children could always
be tested in exactly the same circumstances.

2.3. Statistical analysis

Prior to analysis, psychophysical thresholds were log;o-
transformed to obtain normally distributed data. All re-
sults were analysed in a paired wise manner, comparing
HR versus LR group at the level of the matched individu-
als. Although the groups did not show a significant differ-
ence on any of the matching criteria, we decided to rule out
any possible influence of age, nonverbal intelligence or
parental educational level by controlling for these variables
in our analysis. As such, we analysed the data using Mixed
Model Analysis (MMA) with school as a random variable
(1 to 31) and participant group (HR versus LR) as the fixed
between-subject variable (Littell, Milliken, Stroup, & Wol-
finger, 1996). Age, nonverbal 1Q, and educational level of
both mother and father were added as fixed (co)variables.
Relationships between variables were analysed using
Spearman correlation coefficients, partialed out for the
influence of nonverbal intelligence.

3. Results

A paired wise Repeated Measures MMA with group as
between-subject variable (HR versus LR), threshold run as

within-subject variable (run 1-4) and with the same covar-
iates as mentioned above, revealed no significant effect for
group (p=.20), a significant effect for threshold run
(p <.0001) and no significant group X run interaction effect
(p = .25). Post hoc analysis revealed that none of the four
CM threshold measures differentiated significantly between
HR and LR group. Furthermore, there was only a signifi-
cant learning effect from the first to the second run; the sec-
ond, third, and fourth run did not differ significantly from
each other.

Although the Repeated Measures MMA revealed a gen-
eral learning effect from the first to the second run, this ten-
dency did not apply to all subjects. For many of them, the
first threshold was better than the second, third or fourth.
Moreover, since we are interested in threshold estimation
as an indicator of a subject’s true sensory capability—i.e.,
the best level of performance a subject is able to reach,
regardless of interfering factors like for example fluctua-
tions in concentration and motivation—average threshold
(or the average of the last two or three threshold runs)
might not be the most appropriate measure. To cope with
the high intrasubject variability which is typical for youn-
ger children (see e.g., Wightman & Allen, 1992), a more
reasonable estimator is each subject’s ‘best’ performance,
or the lowest threshold of the different runs. For this reason
we used the average of the best and second best threshold
as a true indicator of a child’s CM sensitivity. The Spear-
man rank correlation between this best and second best
threshold estimate appeared to be very satisfactory
(r¢=.91, p<.0001), indicating a reliable threshold
estimation.

Threshold estimates and test statistics for the best and
second best threshold and for the average of the two best
thresholds are given in Table 1. Although the observed dif-
ference was in the expected direction with the HR-group
scoring less well than the LR-group, the coherent motion
detection task did not differentiate significantly between
the groups. It is worth mentioning that these null-results
were not merely the consequence of applying such a strict
controlling MMA design, as the results were virtually iden-
tical when the analysis was repeated without any covariates
added.

Since group comparisons might mask major individual
differences, we also carried out an analysis at the subject le-
vel. To decide which individual did and did not show
abnormal performance, we adopted the two-step criterion
as suggested by Ramus et al. (2003). Applying this proce-
dure, the criterion for deviance was placed at 1.65 standard
deviations of the ‘purified’ mean of the LR-group, after first
having excluded all deviant LR-subjects (by applying a
similar 1.65 SD criterion, resulting in the removal of two
deviant LR subjects). A distribution analysis on the coher-
ent motion thresholds of the ‘restricted” LR-group con-
firmed the normality of the data. Hence, the 1.65 SD
deviance criterion corresponds to the fifth percentile and
is thus a fairly strict criterion. The individual deviance
analysis for the averaged best and second best coherent
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Table 2
Spearman (partial) correlations for total group of subjects (n = 61/62)

Age RCPM Letter Knowledge Phon Awareness RAN Verbal STM AV FM 1/2 AV CM 1/2
Letter Knowledge —0.08 0.26" — 0.42"" 0.09  —0.07 —0.36"" —0.29"
Phonological Awareness ~ —0.08 0.26" 0.46™" — —0.02  —0.10 —0.48""" —0.11
RAN 025" —0.21 0.03 —0.08 — 0.02 —-0.12 —0.06
Verbal STM 0.07 0.19 —0.02 —0.04 —0.02 — —0.05 —0.04
AV FM 1/2 0.15 —0.16 —0.40™ —0.49"" —0.08  —0.08 — 0.26"
AV CM 1/2 0.18 —0.30" —0.33" —0.18 0.01  —0.10 0.29" —

Note. Coeflicients above the diagonal are partial correlations after removing variance attributable to individual differences in nonverbal intelligence
(RCPM).

* p<.05.

* p<.01.

* p <.001.

T p <0001,

*

ok

motion threshold revealed that the proportion of subjects In previous research CM-detection has been found to be
showing abnormal performance was equal in both groups: specifically related to orthographic skills. Since it is impos-
four subjects in the HR group and four subjects in the LR sible to administer a pure orthographic test at this pre-
group scored below the fifth percentile. This corresponded  school age, we considered Letter Knowledge as the best
to 13% of each group. approximate measure to obtain an indication about ortho-

Table 2 shows Spearman rank interrelations between graphic ability. After all, resolving a letter knowledge task
psychophysical thresholds, phonological ability and letter relies on recognizing the visual features of the written sym-

knowledge, and their relation to age and nonverbal IQ.  bol on the one hand, and retrieving the corresponding lin-
Neither CM, nor FM were related to age, and only CM-de-  guistic information on the other. As such, Letter
tection showed a significant relation to nonverbal intelli-  Knowledge might be regarded as a measure that reflects

gence. To exclude the variance attributable to individual both orthographic and phonological skills. To create a
differences in intelligence, all further correlations have been more ‘pure’ orthographic measure we extracted all the pho-

partialed out for the influence of nonverbal 1Q. Table 3 of-  nological aspects out of the letter knowledge task by statis-
fers similar Spearman rank correlations for both risk  tically removing all the variance due to differences in
groups separately. Phonological Awareness, Rapid Automatic Naming and

FM-detection was highly significantly related to Phono-  Verbal STM. Concretely, we calculated the Spearman cor-
logical Awareness and—to a lesser extent—to Productive  relation between CM and Letter Knowledge and added
Letter Knowledge. There was no correlation with Verbal  nonverbal 1Q, Phonological Awareness, Rapid Automatic
STM and only in the HR group the correlation with Rapid ~ Naming, and Verbal STM as partial variables. In doing
Automatic Naming was significant. The relation with Pho-  so, we still observed a significant relation between CM
nological Awareness seemed to be the most robust in the  and the orthographic aspects of Letter Knowledge, both
LR-group where 37% of the variance in phonological in the total group (r; = —.27, p = .04) and in the LR-group
awareness could be predicted from sensitivity to FM. (r¢=—.41, p=.03). For the HR-group this relation was
CM-detection on the other hand, turned out to be com-  considerable but not significant (r; = —.31, p =.11). This

pletely unrelated to any phonological measure, but was sig- means, that again the relation turned out to be the most

nificantly related to Letter Knowledge. However, this substantial in the LR-group where 17% of the variance in

relation only seemed to hold for the LR-group. orthographic skills could be predicted from sensitivity to

Table 3

Spearman partial correlations for LR and HR group separately (after removing variance attributable to individual differences in nonverbal intelligence)
Letter Knowledge Phonological Awareness RAN Verbal STM AV FM 1/2 AV CM 1/2

Letter Knowledge — 0.17 0.17 0.01 —0.31" —0.417"

Phonological Awareness 0.46™ — —0.11 —0.08 —0.61""" —-0.29

RAN —-0.14 —0.04 — —0.29 0.13 0.11

Verbal STM —-0.18 -0.14 0.30 — —-0.16 0.06

AV FM 1/2 —0.38" —0.35" —0.33" 0.07 — 0.44™

AV CM 1/2 -0.19 0.09 —-0.25 —0.16 0.08 —

Note. Coefficients above the diagonal concern the LR group (n = 31), coefficients under the diagonal concern the HR group (n = 30).
" p<.10.

* p<.05.

T p < .001.

*
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CM-detection. Interestingly, in contrast, the correlation be-
tween FM and the orthographic aspect of Letter Knowl-
edge was not significant (in neither of the two groups).
Considering the whole of these observations, this seems
to imply an exclusive relation between FM and phonolog-
ical awareness on the one hand, and CM and orthographic
skills on the other (see Figs. 1A and B).

Although FM and CM appeared to be related to differ-
ent and dissociated aspects of literacy development, they
also shared some common variance. Indeed, both in the to-
tal group and in the LR-group FM and CM were signifi-

>
N}

1.8 4
1.6 |

1.4 4

*
12 ;

log CM (%)

0.8 T T T T
0 5 10 15 20

Productive Letter Knowledge

cantly related to each other. Again, this relation was not
present in the HR-group. This might imply that both psy-
chophysical tasks (at least in the LR-group) rely upon some
common neurological mechanism involved in ‘dynamic
processing.” Importantly, this hypothesised common mech-
anism is not involved in psychophysical processing in gen-
eral, since CM proved to be completely unrelated to two
other auditory measures that were also administered to
the same subjects (i.e., gap detection in broadband noise
and tone-in-noise detection; for details see Boets et al. (in
press).
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Fig. 1. (A) Thresholds for detecting coherent motion plotted against a Productive Letter Knowledge measure for 31 HR and 31 LR subjects. (B)
Thresholds for detecting 2 Hz FM of a 1000 Hz tone plotted against a combined measure of Phonological Awareness for 30 HR and 31 LR subjects. HR

subjects: filled diamonds; LR subjects: empty squares.

Fig. 2. Screenshots of the animation movies. (A) A frame of the introductory and concluding movie used to animate the CM detection experiment, (B) a
frame of the introductory and concluding movie used for the FM detection experiment.
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4. Discussion

In this study, we tested sensory processing and phono-
logical and orthographic abilities in 5-year-old preschool
subjects who never received any formal reading instruction.
As reported previously, a significant deficit in phonological
awareness and letter knowledge could be demonstrated in
the dyslexia-prone HR group. Consequently, since both
letter knowledge and phonological awareness have consis-
tently been proven to be the best preschool predictors of lit-
eracy development (see e.g., Scarborough, 1998), it is likely
that the genetically high risk group will contain a dispro-
portionally high number of future cases of dyslexia.

For CM detection we did not observe any significant dif-
ferences between the high and low risk groups, either at a
group level, or in the individual deviance analysis.
Although these results are consistent with a minority of
studies that also failed to find any group differences (Ami-
tay et al., 2002; Hulslander et al., 2004; Kronbichler et al.,
2002; Ramus et al., 2003), they clearly conflict with the
mass of evidence provided by most other studies. The same
applied to the FM detection data that did not reveal a
group difference either. A straightforward explanation for
this lack of a group difference might be the fact that we
did not study a well-defined clinical group but only an at
risk group that still might show substantial overlap with
the control group. Moreover, Bishop et al. (1999) demon-
strated in a twin study on SLI children that in contrast
to the highly heritable phonological skills, auditory skills
depend less on genetic and more on environmental influ-
ences. As such, our finding of a phonological deficit in
combination with relatively intact sensorial skills in this
genetic high risk group corresponds well with the results
of Bishop and colleagues.

Considering the relations between sensory processing
and the orthographic and phonological sub skills of litera-
cy development, our preschool data convincingly confirm
previous results from adults and school-aged children (Tal-
cott, Hansen, et al., 2000; Talcott, Witton et al., 2000; Tal-
cott & Witton, 2002). Even while taking into account the
influence of general cognitive ability, sensitivity to CM
seems to be uniquely related to orthographic skills, whereas
sensitivity to FM seems to be specifically related to phono-
logical skills. This relation appears to be the most robust in
the LR group where 17% of the variance in orthographic
skills could be predicted from differences in sensitivity to
CM and 37% of the variance in phonological awareness
could be predicted from sensitivity to FM.

The finding of these more substantial correlations in the
LR/control group compared to the HR/dyslexic group is in
line with most other studies (Rosen, 2003). Ahissar, Prot-
opapas, Reid, & Merzenich (2000) have hypothesised that
the suppression of these correlations in adult dyslexics
might be due to variably compensated literacy skills, in
contrast to the lagging sensory skills. However, our data
do not provide much support for this interpretation, since
we observed a similar pattern in preschool children who

have not even been diagnosed or detected as being dyslexic.
Actually, the children studied had not yet received any for-
mal reading instruction; indeed, they have had no opportu-
nity to compensate or be treated for their undetected
impairments.

With respect to the causality of the observed relations
between literacy skills and basic sensory measures, it has
been suggested that better sensorial sensitivity might be a
consequence and not a cause of better literacy skills (Tal-
cott & Witton, 2002). Indeed, based on adult and school-
aged data, the possibility cannot be ruled out that reading
experience (or print exposure) improves CM and FM
detection performance rather than vice versa. In fact, it
would not be too far-fetched to expect visual and auditory
skills of good readers to be more finely tuned than those of
dyslexics by virtue of their more highly trained orthograph-
ic and phonological systems. However, this study on pre-
school subjects demonstrated that there already exists a
reliable preceding relation between sensory and prelimin-
ary literacy skills, even before having received any instruc-
tion or before having been exposed extensively to a lot of
print. Therefore, it seems unlikely to consider the sensorial
deficits in dyslexics as a consequence of lack of reading
experience. Instead, the results of our study seem to be con-
sistent with the general hypothesis that basic sensory pro-
cessing skills do influence (albeit in a facilitating or in an
inhibiting way) the development of phonological, ortho-
graphic and reading abilities.

To conclude, phonological awareness and letter knowl-
edge turn out to be the best indicators to differentiate be-
tween preschool children with low versus high genetic
risk of developing dyslexia. In contrast, neither visual
coherent motion detection nor auditory 2 Hz frequency
modulation detection is able to differentiate significantly
between both groups. Nevertheless, there is a significant
relation between these dynamic sensory measures and
developing literacy skills, even while taking into account
the influence of differences in intelligence: sensitivity to
CM is uniquely related to orthographic skills and not to
phonological ability, whereas sensitivity to FM is specifi-
cally predictive for emerging phonological skills and not
for orthographic skills. In sum, these results suggest that
basic visual and auditory sensitivity is likely to play an
important role in the development of fine-grained ortho-
graphic and phonological representations necessary for
successful reading.
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