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Lexical decision performance using the divided visual
field technique following training in adults with
intellectual disabilities with and without Down
syndrome
Nira Mashala,b, Bat-el Yankovitza and Hefziba Lifshitza

aSchool of Education, Bar Ilan University, Ramat Gan, Israel; bGonda Multidisciplinary Brain
Research Center, Bar Ilan University, Ramat Gan, Israel

ABSTRACT
Studies of brain lateralization in individuals with non-specific intellectual
disability and Down syndrome suggest atypical brain lateralization to speech
perception. According to the biological dissociation model, the right
hemisphere (RH) mediates speech perception and the left hemisphere (LH)
mediates motor control in Down syndrome. The current study aimed to test,
for the first time, brain lateralization in both non-specific intellectual disability
and Down syndrome, compared to individuals with typical development.
Furthermore, bilateral word presentation was utilized to assess
interhemispheric communication. Twenty adults with non-specific intellectual
disability, 14 adults with Down syndrome, and 30 adults with typical
development participated in the study. Participants in the non-specific
intellectual disability and Down syndrome groups were trained to perform the
task prior to the experiment. The results showed that whereas hemispheric
lateralization did not differ between individuals with non-specific intellectual
disability and typical development, individuals with DS showed reduced brain
lateralization in comparison to adults with typical development. All three
groups showed no significant difference between words presented to the LH
and bilaterally. Our results also show that individuals with intellectual
disabilities can benefit from training programmes and that they may perform
equally as fast as their typically developing peers.
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Introduction

Individuals with intellectual disabilities constitute a heterogeneous group
with regard to IQ level, etiology, and accompanying disorders. The current
study focuses on adults with mild and moderate intellectual disabilities
(IQ = 40–70) with either non-specific intellectual disabilities or Down
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syndrome. Individuals with non-specific intellectual disability exhibit linguistic
delays, poor language competence (Aitchison, 2003; Fink & Cegelka, 1982),
limited vocabulary (Borkowski & Büchel, 1983; Cornoldi, Giofre, Orsini, &
Pezzuti, 2014), limited syntax, lack of verbal rehearsal, and low ability to
actively retrieve coded information (Hulme & Mackenzie, 1992). They also
exhibit difficulties in semantic relation classification, deficits in lexical develop-
ment (Van der Schuit, Segers, Van Balkom, & Verhoeven, 2011), and poorer
comprehension of abstract relations between pairs of objects (Paour, 1992).
Individuals with non-specific intellectual disabilities, as well as persons with
Down syndrome, frequently exhibit slower and more variable response
times associated with deficient top-down attentional and/or control-related
processes relative to age-matched controls (Heath et al., 2005).

Down syndrome is a genetic disorder caused by an extra copy of chromo-
some 21 (trisomy 21), with an incidence of 1 in 700 live births. The cognitive
profile of individuals with Down syndrome resembles the cognitive profile of
individuals with non-specific intellectual disabilities, although some abilities
are better preserved than others in Down syndrome. Individuals with Down
syndrome exhibit a remarkable deficit in language abilities compared to
their non-linguistic visual-spatial abilities (Gunn & Crombie, 1996; Vicari, Bel-
lucci, & Carlesimo, 2005), particularly in expressive vocabulary and grammar.
Furthermore, individuals with Down syndrome exhibit difficulties in executive
functioning, in particular: working memory, planning (Costanzo et al., 2013;
Lanfranchi, Baddeley, Gathercole, & Vianello, 2012), and analogical problem
solving (Natsopoulos, Christou, Koutselini, Raftopoulos, & Karefillidou, 2002).
Volumetric neuroimaging studies in this population have consistently
reported smaller overall brain volumes, with disproportionately smaller cer-
ebellum, brainstem, frontal lobe, and hippocampus volumes (e.g., Pinter,
Eliez, Schmitt, Capone, & Reiss, 2001).

One possible explanation for the poor verbal competence in Down syn-
drome has been linked to morphological callosal deficiencies observed,
such as a thinner corpus callosum (e.g., Wang, Doherty, Hesselink, & Bellugi,
1992). A thinner corpus callosum may cause poor interhemispheric communi-
cation, and may explain the verbal difficulties observed in Down syndrome
(Heath, Grierson, Binsted, & Elliott, 2007). Thus, unlike typically developed indi-
viduals who manifest a typical left brain asymmetry, those with Down syn-
drome exhibit right hemisphere (RH) asymmetry and weak interhemispheric
collaboration (Wang et al., 1992); this may cause isolation of the functions
of the two cerebral hemispheres (Welsh, Elliott, & Simon, 2003).

Data obtained from brain lesion studies and neuroimaging studies tech-
nique suggest that the left hemisphere (LH) is predominant for processing
language in most right-handed adults with typical development (e.g.,
Perrone-Bertolotti, Lemonnier, & Baciu, 2013). Whereas most right-handed
individuals with typical development (97%) exhibit the typical LH
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lateralization for language, the remaining 3% of right-handed individuals
exhibit bilateral or right hemisphere lateralization for language (Bishop,
1990). Studies using the divided visual field (DVF) technique are also used
to assess the laterality of cognitive functions. They are based on the fact
that visual stimuli presented in the left visual field (LVF) are initially projected
to the right cerebral hemisphere, whereas stimuli shown in the right visual
field (RVF) are projected to the left cerebral hemisphere. This anatomical
feature supports the argument that LVF-RVF differences are an index of asym-
metric functioning within the two cerebral hemispheres. Thus, the consistent
finding that words are recognized more easily in the RVF than in the LVF
reflects LH dominance for language processing. In support of this position,
evidence suggests that individuals with left hand preference show a
reduced RVF superiority for word recognition relative to persons with right
hand preference (e.g., Kim, 1994).

In contrast to the visual modality data obtained from DVF studies in partici-
pants with typical development, most of the data in respect to brain laterali-
zation in individuals with intellectual disabilities comes from auditory speech
perception studies (i.e., dichotic listening) and handedness. To the best of our
knowledge, there have been no DVF studies of brain lateralization in intellec-
tual disability using a lexical decision task. It is possible that the expectation of
slower response times and potential difficulty in coordinating responses with
flashed words on the screen have impeded researchers from conducting such
studies in people with intellectual disability. Heath et al. (2007) argued that
individuals with Down syndrome, in particular, are not capable of performing
perceptual-motor tasks because they may not possess adequate skills to
respond to externally paced stimuli. In the current study, we explored the
possibility that individuals with Down syndrome and non-specific intellectual
disability may be capable of doing so, given adequate training. Therefore, in
the current study we sought to gradually train participants with Down syn-
drome and non-specific intellectual disability to perform a lexical decision
task combined with the DVF technique.

Studies of brain lateralization in individuals with intellectual disabilities,
including studies of handedness, provide insight into the functioning and rep-
resentation of cognitive systems in the two cerebral hemispheres. Studies
using dichotic listening technique for assessing brain lateralization for
language in individuals with intellectual disabilities indicate atypical brain
lateralization for individuals with Down syndrome and typical brain lateraliza-
tion for individuals with non-specific intellectual disabilities and typical devel-
opment (Giencke & Lewandowski, 1989; Pipe, 1983, 1988). For instance,
Giencke and Lewandowski (1989) examined ear advantages of young adults
with non-specific intellectual disability and with Down syndrome compared
to individuals with typical development with the same mental age. Partici-
pants with non-specific intellectual disability and the typical development
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group demonstrated typical right ear advantage (left hemisphere domi-
nance), whereas the Down syndrome group showed a significant left ear
advantage (right hemisphere dominance). The atypical brain lateralization
in Down syndrome was further supported by a meta-analysis (Elliott, Weeks,
& Chua, 1994) in which a reversed cerebral specialization for speech percep-
tion (but not speech production) was observed. This observed left-ear advan-
tage in Down syndrome is suggestive of a link between severe language-
related disabilities and RH specialization.

Based on dichotic listening and manual asymmetry studies, the biological
dissociation model (Elliott & Weeks, 1990) has been proposed to explain cer-
ebral laterality and deficient cognitive performance in Down syndrome. This
model argues that speech perception and control of movements are separ-
ated in Down syndrome: the RH mediates speech perception, and the LH,
similar to individuals with typical development, mediates motor control.
According to a core feature of this model, individuals with Down syndrome
perceive speech with the RH but organize complex movement control, includ-
ing speech production, with the LH. This model has practical implications for
language processing in Down syndrome: language deficits may be related to
the biological dissociation of the structures responsible for speech perception
and speech production. Thus, whereas these language systems typically
overlap in the typically developed population, their dissociation may contrib-
ute to the language-related deficits exhibited by individuals with Down syn-
drome. However, to date, this model has not been tested in studies that
used written word identification.

Given the evidence for corpus callosum morphological abnormalities in
Down syndrome, a delayed interhemispheric transmission is expected in
this population. A simple behavioural paradigm to examine interhemispheric
communication is the Poffenberger paradigm in which participants respond
with either their contralateral hand (i.e., cross condition) or ipsilateral hand
(uncrossed condition) to a visual stimulus presented to either the left or
right visual field. Thus, in the crossed condition, participants see a visual stimu-
lus presented to the opposite visual field of the responding hand, whereas in
the uncrossed condition, the visual stimulus and the hand are on the same
side. The time difference between the crossed and the uncrossed condition
(CUD) provides a measure of the interhemispheric transmission time and is
directly related to the structural integrity of the corpus callosum (Iacoboni &
Zaidel, 2003). In particular, this difference typically manifests as a 4-ms advan-
tage in favour of the uncrossed condition over the crossed condition, and pre-
sumably reflects the time required for between-hemisphere callosal
communication. However, contrary to the expectations, the study of Heath
et al. (2007) did not find evidence for this time difference (crossed–uncrossed)
in adults with Down syndrome. Thus, whereas adults with typical develop-
ment showed, as expected, faster RTs as compared to adults with Down
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syndrome and, more notably, slower responses to the crossed condition than
the uncrossed condition, adults with Down syndrome did not demonstrate
the expected CUD. The authors concluded that this paradigm is probably
not sensitive enough to examine corresponding brain–behaviour relations
in the Down syndrome population owing to inherent variability in speeded
executive-motor processes. Thus, it is still unclear whether interhemispheric
transmission in Down syndrome is deficient. To the best of our knowledge,
there are no studies that have tested interhemispheric communication
among individuals with non-specific intellectual disability; doing so, in both
individuals with Down syndrome and non-specific intellectual disability,
would allow comparison of the pattern of cerebral organization among
these groups.

A well-established technique to assess hemispheric communication, and to
assess which hemisphere exerts control over the other hemisphere, is to
present the same visual stimulus to both visual fields simultaneously (bilateral
presentation). Faster response times and more accurate responses to a bilat-
eral presentation (as compared to a unilateral presentation), also called bilat-
eral gain (BG), indicate interhemispheric facilitation and cooperation. If the
response time following bilateral presentation is identical to the pattern of
results elicited from RVF/LH presentation, but differs from the pattern
observed following LVF/RH presentation, it can be concluded that the LH
exerts control over the RH (Mohr, Pulvermüller, Mittelstädt, & Rayman, 1996;
Mohr, Pulvermüller, Rayman, & Zaidel, 1994). It has been shown that bilateral
presentation of concrete words (but not pseudo-words) lead to more accurate
(and a tendency toward faster) lexical decisions compared to unilateral modes
of presentation in individuals with typical development (Mohr et al., 1996). A
putative explanation of this finding is based on the neurobiological model of
word representation (Pulvermiiller, 1992) according to which words are rep-
resented in widely distributed cortical regions in both hemispheres. When
the visually presented words stimulate the corresponding neural represen-
tation (assembly), the entire assembly is activated. Furthermore, bilateral
word stimulation leads to summation of activity via interhemispheric connec-
tion, resulting in faster activation.

Studies that tested bilateral presentation in tasks involving word reading
indicate that more complex judgment tasks benefit from bilateral presen-
tation. However, when a task involves a process that only one hemisphere
can perform effectively, the bilateral advantage is decreased. For instance,
Belger and Banich (1998) did not find a bilateral advantage for rhyme judg-
ments. This finding was interpreted in light of split-brain studies suggesting
that only the left hemisphere is specialized in the phonological processing
necessary for rhyme judgment (Rayman & Zaidel, 1991), such that right hemi-
sphere involvement in this task may be more harmful than helpful. Thus, if
one hemisphere is more dominant (i.e., exerts control over the other), then
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response times to bilateral trials should equal the faster of the two unilateral
trial responses (Hellige, 1987). This notion, describing the case in which one
hemisphere consistently dominates processing, is related to the concept of
meta-control. Meta-control refers to the neural mechanism that determines
which hemisphere will attempt to control cognitive processing (Hellige, 1987).

The current study aims to examine, for the first time, brain lateralization in
both individuals with non-specific intellectual disability and Down syndrome,
compared to adults with typical development, using a lexical decision task
combined with the DVF technique. Furthermore, we aimed to test hemi-
spheric cooperation in these etiologies by testing bilateral gain using a bilat-
eral word presentation. Based on the biological dissociation model (Elliott &
Weeks, 1990), we expected a reversal pattern of hemispheric lateralization
in adults with Down syndrome. Based on dichotic listening studies (Giencke
& Lewandowski, 1989; Pipe, 1983) we expected a typical brain lateralization
in the non-specific intellectual disability group. Based on the anatomical
alteration of the corpus callosum, we hypothesized that adults with Down syn-
drome would demonstrate reduced bilateral gain. Whereas faster and more
accurate responses to words presented bilaterally are expected in the typically
developed group, compared with unilateral presentation, a different pattern
of results was predicted for the Down syndrome group.

Method

Participants

Sixty-four native Hebrew speaking volunteers, 34 of whom were participants
with intellectual disabilities (ID) and 30 of whomwere typically developed (TD)
participants (14 females) were recruited for the study. All participants were
right-handed and had normal or corrected-to-normal vision.

The ID sample, comprised of participants with mild and moderate ID (IQ =
40–70), was divided into two etiology groups: 20 participants (seven females)
with non-specific intellectual disability (NSID) and 14 participants (eight
females) with Down syndrome. All of the participants met the study criteria:
individuals with mild/moderate ID according to the traditional AAMR
definition (Grossman & Begab, 1983), independent in terms of Activities of
Daily Living (ADL) skills, and without maladaptive behaviour.

All participants performed the Vocabulary and Similarities subtests from
the shortened Adult Intelligence Scale (WAIS–IV, Wechsler, 2001). The Vocabu-
lary subtest measures word knowledge and verbal concept formation, while
the Similarities subtest assesses abstract reasoning and the power to concep-
tualize dissimilarity. All participants were also assessed by a reading test (Schiff
& Kahta, 2009a, 2009b): The participants were asked to read accurately as
many words and non-words as they could in 45 s from three lists (Hebrew
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words without vowel marks, Hebrew non-words with vowel marks, and
Hebrew words with vowel marks). The differences between the groups on
the reading test were analyzed with a one way ANOVA.

As can be seen in Table 1, the typically developed group outperformed
non-specific intellectual disability and the Down syndrome groups in all
tests. The Down syndrome and the non-specific intellectual disability
groups read significantly fewer words and non-words than the typically devel-
oped group, and had been matched according to age, Vocabulary and Simi-
larities subtests, and three reading tests. Participants had no history of
learning disorders, psychiatric disturbances, neurological disease, or head
trauma (according to self-report).

Authorizations to conduct the study were obtained from the University
Ethics Committee and the Division of Individuals with Intellectual Disabilities
in the Ministry of Welfare. Adults with intellectual disabilities were recruited
through the employment venues and hostels currently accommodating this
population. Consent for participation of participants with Down syndrome
and non-specific intellectual disability was obtained from the participants’
parents/guardians. The study’s aims and procedures were explained to the
participants, who signed an adapted informed consent form for participation
of individuals with ID in scientific research. Participants with Down syndrome
and non-specific intellectual disability received 50 new Israel shekels (the
equivalent of approximately U.S. $15) for their participation. Adults with
typical development were recruited through Bar Ilan University and other
places.

Stimuli

Stimuli construction – the experiment included 120 stimuli, half being real
words and half being non-words, all in Hebrew. The non-words were
created by replacing the first letter and another additional letter among the
real words. The length of the non-words was equal to the real words. All
words were highly familiar concrete nouns (e.g., body, moon), and were 3–4
letters long. The 60 words were divided into three lists of 20 words each,

Table 1. Demographic characteristics and performance on screening tests and
performance on the reading tests, by group.

TD (1) N = 30 ID (2) N = 20 DS (3) N = 14 F Adjusted T-test

Age 33.83 (6.44) (9.58) 33.80 (5.07) 32.93 0.081 1 = 2 = 3
Vocabulary (5.46) 53. (11.75) 20.60 (6.62) 14.71 90.01*** 1 > 2, 1 > 3, 2 = 3
Similarities (5.12) 25.53 (3.76) 14.25 (2.58) 14.29 90.01*** 1 > 2, 1 > 3, 2 = 3
Reading fluency 98.05 (12.55) 45.80 (21.89) 38.79 (17.82) 47.82*** 1 > 2, 1 > 3, 2 = 3
Reading non-words 18.65 (1.79) 9.15 (5.83) 10.21 (5.38) 47.82*** 1 > 2, 1 > 3, 2 = 3
Reading words 58.40 (1.35) 36.70 (16.74) 35.43 (13.17) 47.82*** 1 > 2, 1 > 3, 2 = 3

***p < .001.
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presented to either the LVF/RH, the RVF/LH, or the bilateral VF. These three
lists (conditions) were counterbalanced according to word frequency and
length. In order to assess word frequency, a questionnaire was given to 10
typically developed students, native Hebrew speakers (M = 28.8, SD = 3.64).
They were presented with the list of all the words and asked to rate their
degree of frequency on a seven point frequency scale ranging from 1
(highly non-frequent) to 7 (highly frequent). The average rates on the fre-
quency scale for the words presented to each of the three conditions were
identical (M = 6.93, SD = 0.08). No significant difference was found for the
words between the three conditions, F(2, 57) = 0.00, p > .99, h2

p < .001. Further-
more, word frequency based on Linzen (2009) was matched across the three
experimental conditions, F(2, 57) = .9, p = .36. In addition, in order to assert
that these words would be familiar to individuals with Down syndrome and
non-specific intellectual disability, five adults with intellectual disabilities
who did not participate in the experiment were asked to read the words
and indicate whether these words were familiar to them. They replied that
all the words were familiar to them. In addition, they successfully explained
the meanings of a sample of five words selected from the list. Finally, a
one-way ANOVA found no significant difference between the three lists in
word length F(2, 57) = 0.00, p > .99, h2

p < .001.

Procedure

Experiment process – Each participant was presented with all 120 word and
non-words, randomly presented either to the right visual field, the left visual
field, or both. The experiment started with a “ + ” presented to the centre of a
white screen for 3,000 ms. The “+” remained on the screen throughout the
experiment in order to maintain the gaze at the centre of the screen. Next,
the words/non-words appeared in the right/left/bilateral field of vision for
180 ms (Bourne, 2006) and were displayed at 2.8° (centre of lateralized word
to centre of fixation) to the right or to the left of fixation. Participants were
instructed to maintain central fixation. The stimuli were written in the
“David” font, size 36, throughout the experiment. The participants sat 60 cm
away from the screen and were asked to make a lexical decision for each
word by clicking “yes” (by pressing the N key) with their right hand for a stimu-
lus that represented a real word in the language, or “no” (by pressing the B key)
for a stimulus that represented a non-word. The participants were instructed to
respond as rapidly and accurately as possible within 3,000 ms until the next
word appeared. In addition, during the experiment the experimenter sat in
front of the participants in order to observe the participants’ focus on the
centre of the screen. Less than 2% of all trials involved deviation of gaze
from the fixation point. Due to the very minimal percent of deviation, these
trials were not excluded from further data analyses. The stimuli were displayed
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via Super-Lab-Pro 5.0 installed on a laptop. The experiment started with a prac-
tice session using four real words and two non-words.

Training programme

Each participant with intellectual disability took part in a training programme,
aimed at preparing the participants for the experiment to use the keys cor-
rectly and to coordinate their response as fast as possible. Before conducting
the study, we tested whether the participants in both etiology groups were
able to perform the task. We found that all participants were unable to
attend the stimuli at all, even at a 1000 ms presentation rate, indicating a com-
plete inability to perform the task (it should be noted that stimuli were ulti-
mately presented for 180 ms in the live experiment). Furthermore, 82% of
the participants with intellectual disability were unable to perform the task
at 2000ms presentation rate. During the training programme, the words
were presented in same font and size as in the live experiment. The training
programme was comprised of six stages in increasing difficulty, so each stage
increased the speed of the stimuli display on the screen. In the first stage, the
stimuli were displayed for 2,000 ms to either the RVF, LFV, or bilaterally, in a
random fashion. In the second stage, the stimuli were displayed for
1,500 ms, in the third stage for 1,000 ms, in the fourth stage for 750 ms,
and in the fifth stage for 500 ms. In the sixth stage, the stimuli were presented
for 180 ms, the same duration as in the experiment. During the training, par-
ticipants were taught to press the N button (coloured in green) for a real word
and the B button (coloured in red) for a non-word, and were presented with
different words than those used in the experiment. The criteria we used for
moving a participant to the next training level was based on the accuracy
of their performance: If participants were able to identify the stimuli with at
least a 70% accuracy rate, they moved to the next stage. After completing
the sixth stage of training, participants were ready to begin the experiment
(all participants successfully completed the training programme).

The trainingmeetingswere held once aweek in a quiet, stimuli-free environ-
ment that encouraged maximum concentration with minimum distractions.
The length of each meeting was 20 min on average. The number of meetings
was adapted to the personal abilities of each participant with ID. Participants
who performed better were able to accelerate to the more advanced stages
of the training programme and therefore attended less training meetings.

Results

Reaction time

After omitting outliers (responses ± 2 SD from the mean), we computed mean
reaction times (RT) for correct responses for each participant in each
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condition. Before conducting the analyses we computed the correlations
between performance on the reading tests (Reading fluency, Reading non-
words, Reading words) and both the RTs and the accuracy rates in each con-
dition within each group. No significant correlations were found (except a
negative correlation in the typically developed group between the bilateral
presentation RTs and the Reading words task, r =−.51, p < .01). Therefore,
reading fluency was not controlled in the RT and accuracy analyses. Analyses
were performed with both subjects treated as the random variable (F1) and
with items treated as the random variable (F2).

RT analysis: A two-way 3 (RVF/LH, LVF/RH, Bilateral) × 3 (TD, NSID, DS) mixed
analysis of variance (ANOVA) was conducted on RTs, with visual field as the
within-subject factor, and group as the between-subjects factor. See Figure
1 for raw data in all conditions.

This analysis yielded a significant main effect of visual field, F1(2, 122) =
32.85, p < .001, h2

p = .35; F2(2, 57) = 27.95, p < .001, h2
p = .49. Bonferroni

adjusted t-testing revealed, in both analyses, that responses to words pre-
sented to the RVF/LH were significantly faster than to the LVF/RH, ps <
0.001, and responses to words presented bilaterally were significantly faster
than to words presented to the LVF/RH, ps < .001. No significant difference
was found between the bilateral and the RVF/LH presentation. The main
effect of group was non-significant, F1(2,61) = 0.10, p = .900, h2

p = 0.00; F2
(1.78, 101.85) = 1.22, p = .29, h2

p = 0.02.

Figure 1. Mean reaction times (in milliseconds) and SEs by visual field and group.
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The two-way Visual Field X Group interaction was significant, F1(4, 122) =
2.81, p = .028, h2

p = .00; F2(3.57, 101.85) = 1.64, p = .18, h2
p = .05. Bonferroni

adjusted t-testing conducted on each group separately revealed that,
within the non-specific intellectual disability group, RTs were faster in the
RVF/LH than the LVF/RH, p < .001. No significant difference was observed
between the RVF/LH and the bilateral presentation, p = .29. However, adults
with non-specific intellectual disability responded faster to words presented
bilaterally than to words presented to the LVF/RH, p < .001. Similar to the
non-specific intellectual disability group, adults with typical development
responded faster to words presented to the RVF/LH than to LVF/RH, p
< .001; RTs were faster to words presented bilaterally than to LVF/RH, p
< .001. However, no significant difference among the adults with typical
development was observed between words presented bilaterally and to the
RVF/LH, p > .99. In contrast, in the Down syndrome group, significant differ-
ences were observed neither between the two visual fields, p = .25, nor
between the bilateral presentation and the RFV/LH, p = .78. However, faster
RTs were observed for words presented bilaterally than to the LVF/RH
among those with Down syndrome, p < .05.

In sum, adults with non-specific intellectual disability (but not adults with
Down syndrome) demonstrated a typical LH lateralization similar to the
adults with typical development. All groups showed faster RTs to words pre-
sented bilaterally, as compared to words presented to the RH, suggesting a
bilateral gain as compared with the RH. Furthermore, no difference was
observed between words presented bilaterally and words presented to the
RVF/LH, in all groups.

Accuracy

Accuracy analysis: A two-way 3 (RVF/LH, LVF/RH, Bilateral) × 3 (TD, NSID, DS)
mixed analysis of variance (ANOVA) was conducted on the percentage of
correct responses, with visual field as the within-subject factor, and group
as the between-subjects factor. See Table 2 for the accuracy rates.

This analysis yielded a significant main effect of Visual Field, F(1.56, 95.19) =
39.01, p < .001, h2

p = 0.39; F2(2, 57) = 23.74, p < .001, h2
p = .45. Bonferroni

Table 2. Mean percentage of correct responses by group.
TD (1) N = 30 ID (2) N = 20 DS (3) N = 14 Total N = 64

RVF/LH 97.00
(5.66)

78.25
(14.35)

83.57
(9.69)

88.20
(13.01)

LVF/RH 90.00
(8.51)

66.50
(20.39)

61.07
(23.46)

76.33
(21.06)

Bilaterally 97.33
(3.88)

80.25
(17.05)

81.43
(11.33)

88.52
(13.82)
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adjusted t-testing revealed that, in both analyses, responses to words presented
to the RVF/LH were significantly more accurate than to words presented to the
LVF/RH, ps < .001, and responses to words presented bilaterally were signifi-
cantly more accurate than to words presented to the LVF/RH, ps < .001. No sig-
nificant difference was found between the bilateral and the RVF/LH
presentation, ps > .99. The main effect of group was significant, F1(2, 61) =
29.05, p < .001, h2

p = .48; F2(1.81, 103.38) = 114.95, p < .001, h2
p = .66. Bonferroni

adjusted t-testing revealed that, in both analyses, the typical developed
group responded more accurately than both the non-specific intellectual dis-
ability group and the Down syndrome group, ps < .001. No significant differ-
ence was observed between the two etiology groups, ps > .99.

The two-way Visual Field X Group interaction was significant, F1(3.12, 95.12)
= 3.64, p < .05, h2

p = .1; F2(3,62,103.38) = 6.00, p < .001, h2
p = .17. Bonferroni

adjusted t-testing conducted in each group separately revealed that, within
the non-specific intellectual disability group, responses were more accurate
to words presented to the RVF/LH than the LVF/RH, p < .001, p < .05, respect-
ively, and to words presented bilaterally than to the LVF/RH, ps < .001. No sig-
nificant difference in accuracy rate was found between words presented
bilaterally and words presented to the RVF/LH, p = 1.0, p = .73, respectively. In
the typically developed group, no difference was observed between words pre-
sented to the RVF/LH and the LVF/RH, p = .07 (however, this difference was sig-
nificant in the item analysis, p < .01), and no difference was observed to words
presented bilaterally and to the RVF/LH, ps > .99. However, a significant differ-
ence was observed between words presented bilaterally and words presented
to the LVF/RH, p < .05, p < .001, respectively. In contrast, similar to the non-
specific intellectual disability group, adults with Down syndrome demonstrated
more accurate responses to words presented to the RVF/LH than to the LVF/RH,
ps < .01, and to words presented bilaterally than to the LFV/RH, ps < .001. In
addition, no difference was observed for words presented bilaterally and to
the RVF/LH, ps > .99.

In sum, adults with non-specific intellectual disability and Down syndrome
demonstrated typical LH lateralization. Adults with typical development
showed, although not significant, a tendency toward LH lateralization. All
groups showed increased accuracy rates to words presented bilaterally as
compared to words presented to the LVF/RH, demonstrating a bilateral gain
over the RH. Similar to the RT analyses, no difference was observed
between words presented bilaterally and words presented to the RVF/LH, in
all groups, suggesting left hemisphere meta-control (Hellige, 1987).

Hemispheric lateralization

In order to measure hemispheric lateralization in each group we assessed the
index of lateralization. The index of hemispheric lateralization was calculated
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by subtracting LH performance from RH performance for RTs, and RH perform-
ance from LH performance for accuracy rates. Higher scores indicate greater
left hemisphere lateralization (faster or more accurate responses in the LH).
Next, we performed one way ANOVAs on lateralization index (LI) scores sep-
arately for RT and accuracy rate. The analysis for RTs revealed a significant
effect, F(2, 61) = 4.34, p < .05. Bonferroni adjusted t-testing revealed greater
LI for the typically developed group than the Down syndrome group (p
< .05) with no significant difference between the typical development and
the non-specific intellectual disability group (p = .13) and between the non-
specific intellectual disability and the Down syndrome group (p > .99) (see
Figure 2). A one way ANOVA on LI accuracy scores revealed a significant
effect, F(2, 61) = 4.18, p < .05. Bonferroni adjusted t-testing revealed greater
LI for the typically developed group than the Down syndrome group (p
< .05) with no significant difference between the typically developed and
the non-specific intellectual disability group (p = .97) and between the non-
specific intellectual disability and the Down syndrome group (p = .21).

Comparing response times to correct “yes” responses and correct
“no” responses

Because response-buttons were not counterbalanced across participants we
analyzed the RTs to correct “yes” responses (N key, for words) and to
correct “no” responses (B key, for non-words) for each group separately. We
therefore performed a series of paired t-tests comparing the correct “yes”
and “no” responses within each hemisphere. Our results revealed that for

Figure 2. Lateralization index (LI) scores for RT and accuracy rate by group.
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both the typically developed and the non-specific intellectual disability
groups no difference was observed between the two types of responses in
the LVF/RH (t(29) =−.41, p = .69; t(19) = .28, p = .19, respectively). For the
Down syndrome group a significant effect was found between the two
types of responses, t(13) = 2.28, p < .05. For stimuli presented to the RVF/LH
we found a significant effect in all groups (ps < .05). The significant difference
between the correct “yes” and “no” responses in the LH might result from the
relative specialization in processing words in the LH as compared to the RH.

Discussion

The present study demonstrated, for the first time, typical brain lateralization
in adults with non-specific intellectual disability. Adults with non-specific intel-
lectual disability showed faster and more accurate responses to words pre-
sented to the RVF/LH than to the LVF/RH. Adults with Down Syndrome,
similar to participants with non-specific intellectual disability, showed more
accurate responses to words presented to the RVF/LH than to the LVF/RH.
Thus, contrary to our hypotheses, the current results did not find evidence
of reversed brain lateralization for language in adults with Down syndrome.
Nevertheless, whereas hemispheric lateralization (as assessed by the laterali-
zation index) did not differ between individuals with non-specific intellectual
disability and typical development, individuals with Down syndrome showed
reduced brain lateralization in comparison to adults with typical development.

In contrast to the biological dissociation model (Elliott & Weeks, 1990), our
findings point to typical (i.e., left lateralized) brain lateralization in adults with
intellectual disability, at least for a task of receptive language. These appar-
ently contradictory findings may result from the different techniques used
to assess lateralization. Most of the previous studies with intellectual disability
used the dichotic listening procedure that indicated a left ear/RH advantage
for the perception of speech sounds in Down syndrome, implying RH domi-
nance for speech perception (Elliott et al., 1994). The current findings
cannot dispute the assertion that auditory speech perception is lateralized
to the RH in ID. However, our findings refine the biological dissociation
model, and suggest that visual word identification is lateralized to the LH,
as observed in most right-handed adults with typical development. It
should be noted that this finding is another illustration of the fact that
right-to-left reading direction (Hebrew) does not eradicate the RVF-advantage
for visual word processing.

The typical left-lateralized responses demonstrated in the present study in
both etiology groups find support from previous neuroanatomical findings.
An MRI study, although reporting overall smaller brain volumes in Down syn-
drome, nevertheless indicated no aberrant pattern of anatomical brain asym-
metry, in particular in the overall temporal lobe volumes (Pinter et al., 2001).
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Because it has been shown that individuals with intellectual disability, with
and without Down syndrome, process visual information more easily than
auditory information (Grieco, Pulsifer, Seligsohn, Skotko, & Schwartz, 2015)
future studies should use neuroimaging techniques to further assess
whether the typical lateralization observed in our intellectual disability
sample is linked to the modality of stimulus presentation. More specifically,
it is important to further assess whether individuals with intellectual disability,
with or without Down syndrome, rely on their LH to process visual linguistic
stimuli, and utilize their RH to perceive speech.

Another finding that emerged from the current study is the RH bilateral
gain (RHBG) obtained in the three groups. All groups showed faster and
more accurate responses for words presented bilaterally compared to LVF/
RH presentation. However, no LH bilateral gain (LHBG) was obtained for any
group, indicating similar performance with words presented bilaterally and
words presented to the RVF/LH. These findings are indicative of LH domi-
nance over the RH in both non-specific intellectual disability and Down syn-
drome, similar to adults with typical development. In other words, the
results are indicative of the left hemisphere controlling visual word identifi-
cation (Hellige, 1987). Mohr et al. (1996) found more accurate lexical decisions
for words presented bilaterally compared to RVF presentation in adults with
typical development. The current results, unlike Mohr et al.’s findings, demon-
strated similar performance in the bilateral VF and the RVF. Analyzing the per-
centage of correct responses in Mohr et al.’s study reveals less than 90%, 80%,
and 70% correct responses in the bilateral VF, RVF/LH and LVF/RH, respect-
ively. Thus, it is plausible to conclude that because our participants with
typical development performed at ceiling level (97% in both the RVF/LH
and the bilateral VF) they did not demonstrate the expected bilateral gain
(i.e., better performance in respect to both unilateral presentations). There-
fore, our results cannot point to interhemispheric cooperation and excitatory
trans-callosal connections in the typically developed group, as no LHBG was
obtained, probably because the words were highly familiar and very easy to
process.

Participants in both etiology groups, like the typically developed group, did
not show a significant difference between RVF/LH and bilateral VF presen-
tation (no LHBG). A similar pattern of results was found in a split brain
patient (i.e., severed corpus callosum): no RT differences were found
between bilateral presentation and unilateral presentation in the RVF/LH.
Because our adults with non-specific intellectual disability and Down syn-
drome performed similarly to our participants with typical development, it
is unclear whether they performed at relatively ceiling level and therefore
no BG could be detected. Another possible interpretation for this pattern of
results is that there is no interhemispheric communication during the
lexical decision task in both etiology groups, as observed in the split-brain
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patient study. A parsimonious conclusion, based on the current findings, is
that we can exclude the possibility that the hemispheres interact in an inhibi-
tory fashion. If this was the case, a worse performance of the bilateral presen-
tation, compared to the unilateral presentations, would be expected.
Moreover, we can reasonably conclude that the LH is the dominant hemi-
sphere for word identification in both non-specific intellectual disability and
Down syndrome. Future studies using this paradigm with, for example, less
frequent words, might avoid a ceiling effect in TD and may reveal how the
two hemispheres communicate during a lexical decision task.

One surprising finding that emerged from the current study is the non-
significant differences in response times between both etiology groups
and the typical development group, as manifested by the non-significant
group effect. In terms of response time (RT) to words presented bilaterally,
the participants with non-specific intellectual disability and Down syndrome
responded as fast as the participants with typical development (697, 738,
and 722 ms, respectively). Previous studies have consistently reported
longer response times in the Down syndrome group compared to age-
matched typical development controls (e.g., Heath et al., 2007), slower
motoric movements, and difficulties in executing manual movements
(Welsh & Elliott, 2001). Neuroanatomical studies have suggested that the
reduced cerebellar gray matter evident in Down syndrome is associated
with hypotonia and motor coordination difficulties, as well as articulatory
speech deficits (Frith & Frith, 1974). We believe that the training programme
that preceded our experiment revealed perhaps surprisingly adept improve-
ment among the non-specific intellectual disability and Down syndrome
groups. The stimulus presentation rate was 180 ms in the live experiment,
and it was discovered that 82% of the participants from the etiology
groups were unable to adequately attend to the stimulus even at a
1000 ms presentation rate. Only after the experimenter made sure that
the participant could coordinate her/his manual response with the
ongoing brief stimulus presentation with at least 70% correct responses,
did the experimenter move to the next stage with a decreased time of stimu-
lus presentation. Out of six stages of training, the sixth stage mimicked the
presentation duration of the actual experiment (180 ms); when participants
succeeded in completing this stage (with at least a 70% accuracy rate) they
were allowed begin the experiment. Participants varied in the number of
meetings (5–20) required to complete the training, but all completed the
training and went on to participate in the live experiment. Our findings
may suggest that with the right programme, individuals with intellectual dis-
abilities can be trained to perform equally as fast as their age-matched typi-
cally developed peers. Further, our findings indicate that despite possible
structural anomalies, individuals with Down syndrome can show flexible
behaviour in the context of individually-tailored training.
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Notwithstanding the fact that there were no significant differences
between the groups on reaction times but there were differences in accuracy
that could indicate that both etiology groups may be more prone to demand
characteristics and thereby respond faster (but less accurately) due to having
learned what the experimenters expect. Future studies should test whether
their fairly high level of performance (above 80% accuracy in the bilateral con-
dition) indicates a ceiling effect or a result of demand characteristics.

The current study opens the door for future studies that are needed to
deepen the understanding of the neural substrates of language functioning
in non-specific intellectual disability and Down syndrome. Although our
results show typical brain lateralization in word identification, the cause and
understanding of the RH advantage for speech sounds and LH advantage
for written words, as was evident in the current study, is unclear. It is
evident that individuals with intellectual disability, with and without Down
syndrome, exhibit more difficulties in processing auditory than visual infor-
mation (Grieco et al., 2015). Furthermore, a series of meta-analyses and
reviews of long-term and working memory performance (Lifshitz, Kilberg, &
Vakil, 2016) found equal performance between participants with intellectual
disability and typical development when auditory stimuli was accompanied
by visual scaffolding (pictures cards or written words). Thus, future studies
should test whether using the visual modality rather than auditory modality
would reveal different pattern of brain lateralization for participants with
Down syndrome and with non-specific intellectual disability. Therefore,
future studies that directly compare brain processing of visual vs. auditory lin-
guistic stimuli are necessary.

Further future studies emerged from the current study. As the current
results did not provide clear-cut evidence for deficient lexical information
transmission between the two hemispheres in intellectual disabilities, future
studies need to investigate this topic using other methods that will shed
light on the quality of interhemispheric communication in ID. Finally, our par-
ticipants showed remarkable improvement in their ability to coordinate their
motor-behaviour response during the lexical decision task. Thus, despite
accumulating evidence pointing to slow responses and deficient motor-
behaviour coordination, our findings show that following a short training
intervention, participants from both etiology groups performed as fast as
their age-matched typically developed peers. These findings are in line with
a previous study that tested the effects of intervention on acquiring visual
metaphor comprehension in individuals with non-specific intellectual disabil-
ity or Down syndrome (Shnitzer-Meirovich, Lifshitz, & Mashal, 2018). The
results showed a significant improvement in both etiology groups, with
greater improvement among individuals who underwent an extensive inter-
vention programme that enhanced analogical thinking. Thus, there is evi-
dence that individuals with non-specific intellectual disability and Down
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syndrome can benefit from training and intervention programmes. However,
we are unable to conclude whether their behavioural performance is
accompanied by neural changes. The extent to which individuals with intellec-
tual disabilities demonstrate brain plasticity should be further tested with
brain imaging techniques.

The current study also has some limitations. Because the response-buttons
in the lexical decision task were not counterbalanced across participants (par-
ticipants always pressed the “N” button for “yes” response and the “B” button
for “no” response) future studies should balance the response buttons across
participants in order to exclude the possibility that faster response times to
the RVF/LH are related to a right-side affirmative response. Another limitation
of the current study that should be mentioned is the experimenter sitting in
front of the participants in order to observe participants’ focus on the screen.
This might have interfered with participant performance and future study
should test its impacts on the results.

Conclusion

In summary, our results provide new evidence in respect to language latera-
lization in non-specific intellectual disability and Down syndrome. The current
findings revealed typical brain lateralization in both etiologies, with reduced
left lateralization in the Down syndrome group as compared to adults with
typical development. However, we could not conclude whether the two cer-
ebral hemispheres in these populations are, in fact, cross-transmitting infor-
mation during the lexical decision task. Future studies with different
methods are needed to address this topic. The current study emphasizes
the importance of a gradual training programme tailored for each individual
with intellectual disability to foster hidden capabilities that may lead to typical
functioning in other cognitive domains.
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