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Abstract: Contextual integration is seldom explored in people with Down syndrome (DS). This study aimed to 
investigate this ability by comparing causal inferences made by people with DS who were presented with homonyms 
embedded within sentences and asked to choose which of three interpretations (figurative meaning, literal meaning, or 
unrelated meaning) was correct. Accuracy was the dependent variable. Each homonym was presented in a scenario 
familiar to the participants. The results revealed that the participants with DS were the least accurate in responding to 
figurative meanings and erred most compared to matched controls in chronological age and mental age. It was 
concluded that people with DS were developmentally delayed in causal inferences and weak central coherence is indeed 
a syndrome-general phenotype across populations with developmental disorders.  
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1. INTRODUCTION 

The integration of contextual information is an 
important cognitive ability in both verbal and nonverbal 
domains. Putting contextual cues together and forming 
a concept to achieve comprehension is termed central 
coherence [1]. This inferential depth is known as 
contextual competence [2], which is the ability to 
integrate parts into a contextual theme using 
appropriate social knowledge and semantic 
comprehension. Deficiencies in central coherence or 
contextual competence have been considered major 
impairments in people with autism and in right-
hemisphere damaged patients, resulting in difficulty 
inferring meanings from expressions and behaving 
appropriately in social circumstances [3]. Other 
populations with developmental disabilities such as 
people with Williams Syndrome (WS) have exhibited 
weak central coherence performance in both verbal 
and nonverbal domains, supporting syndrome-general 
rather than syndrome-specific phenotypes (verbal 
studies: Hsu et al., 2007 [4]; Hsu, 2013b [5] and 
nonverbal studies: Grice et al., 2001 [6]; Hsu & Tzeng, 
2011 [7]; Hsu, 2013a, 2013c, 2014b, 2014c [8-11]; Hsu 
& Chen, 2014a [12]; Karmiloff-Smith et al., 2004 [13]; 
Mills et al., 2000) [14]. However, it is not clear whether 
other populations with genetic deficiencies show 
delayed or deviant patterns. This study aimed to 
investigate causal inference in people with Down 
Syndrome (DS) through figurative comprehension in 
the context of uncovering their central coherence ability 
in the verbal domain.  
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People with DS have trisomy of chromosome 21, 
which was identified in 1959. The condition is 
associated with serious cognitive and behavioral issues 
and asynchronies [15, 16]. Individuals in this clinical 
population exhibit an uneven profile of superiority on 
digit span but inferiority on Corsi span, represented as 
verbal and visuospatial working memory processing 
[17]. Receptive language is far more severely impaired 
than nonverbal cognitive ability when measured by the 
Test for Auditory Comprehension of Language-Revised 
and the Stanford-Binet Intelligence Scale (4th edition) 
(Abbeduto et al., p. 10) [18], including grammatical and 
semantic subtests. Within this uneven profile, the 
grammatical knowledge (grammatical morphemes, 
syntactic structures in the passives, relative clauses, 
interrogatives) of people with DS is poorer than their 
semantic knowledge (word classes and relations). A 
test using the Oral and Written Language Scale 
revealed that the performance of people with DS 
describing pictures was worse in response to the 
examiner’s verbal prompts, and the expressive 
language ability of people with DS was poorer than 
their receptive language ability and nonverbal 
cognition. In addition, people with DS have been shown 
to be far more impaired in expressive vocabulary and 
syntax than people with WS [19]. 

In the nonverbal domain, standardized first- and 
second-order false belief tasks have shown that the 
ability to reason and understand other people’s minds 
is problematic in people with DS [18]. Other 
visuospatial studies have revealed that visuomotor 
integration ability using block design tasks in people 
with DS is not impaired [19]. In contrast to the 
participants with WS who exhibit local bias without 
global configuration, participants with DS exhibit the 
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reverse pattern. The same finding has been observed 
in a picture copying task in which DS individuals drew a 
bicycle and a dog with clear configurations but without 
disorganized parts, as would be typical for people with 
WS. In addition, the visuospatial ability of people with 
DS has been reported as relatively good but with 
deficiencies. A review of various studies [20] has 
shown that the ability of people with DS to integrate 
parts into wholes is relatively weak. Laws and 
Lawrence (2001) [21], who analyzed the drawings of 
people with DS, showed that, unlike in typically 
developing control subjects where there were 
significant correlations between drawing patterns and 
language comprehension, verbal mental age, 
chronological age, and motor skills, these correlations 
were not observed in people with DS. This suggests a 
deviant developmental trajectory in spatial 
representation for this clinical group. The 
dysmorphology of the brain in people with DS appears 
to play a role in deficient integration. This verbal-motor 
laterality of the clinical group has been thought to relate 
to an impairment of the corpus callosum, which passes 
cerebral information between hemispheres. Hence, it 
has been concluded that ability in verbal-motor 
integration is affected in people with DS. Neurological 
impairment in the cerebellum, which is related to 
language development in people with DS, was 
mentioned in a review of several syndromes such as 
WS and specific language impairment [22]. Put 
together, the nonverbal domain of people with DS 
exhibits weak central coherence. However, there have 
not been any studies looking at central coherence in 
the verbal domain from a causal or contextual 
integration perspective in people with DS. The focus of 
this study was to investigate causal inference in people 
with DS to determine central coherence deficits. 

2. METHODS 

2.1. Participants 

Thirteen people with DS were recruited from several 
institutes in Taiwan, including the Foundation for Down 

Syndrome, the Association for Parents of People with 
Down Syndrome, and special schools. All of the 
participants were diagnosed at different ages in 
hospital as having a gene-specific syndrome related to 
chromosome 21 and were issued an identification card 
listed their handicapped category from local city 
government in Taiwan. A recruitment advertisement 
was mailed to the individuals through the help of the 
institutes mentioned. The parents who returned the 
consent forms were contacted by the researchers to 
confirm testing dates and locations (home, school, or 
our institution). 

Two separate groups of 13 typically developing (TD) 
controls were each matched by chronological age (CA) 
or mental age (MA) and gender based on the full-scale 
IQ of our clinical individuals. The TD controls were 
partially the same as the participants who took part in 
the Hsu study [5] and were students from various high 
schools in New Taipei City and the Municipal Badou 
Elementary School with Kindergarten in Keelung. 
Consent forms with signatures were obtained from the 
parents or guardians of all of the healthy controls 
before testing, and all of them were paid for their 
participation after testing. The backgrounds of the 
participants are listed in Table 1. 

There was no significant age difference between 
any two groups. The healthy controls in mental age 
were individually matched based on the full scores of 
people with DS using the WSIC-IV (Wechsler Scale of 
Intelligence for Children, fourth edition) [23] for the 
participants who were under 16 years of age, and the 
WAIS-III (Wechsler Adult Intelligence Scale, third 
edition) [24] for those who were older than 16 years. 
The mean MA of the participants with DS was not 
significantly different from that of the healthy MA 
controls [t(12) = 1.02, p = .32]. The mean CA of the DS 
group and the healthy CA controls did not reach 
significance [t(12) = 1.03, p = .32]. This study was 
approved by the Institutional Review Board of the 
National Cheng Kung University in Taiwan (A-BR-101-
158 and B-BR-101-079). 

Table 1: Participant Age (Standard Deviation) and Gender for the Three Groups 

 DS Controls 

Chronological age (CA) 18.15 (3.8) 18.88 (4.1) 

Age range 14.05–28.08 14.07–29.04 

7.8 (1.6) 8.38 (2.1) Mental age (MA) 

6.03–11.08 5.10–12.02 

Gender ratio (females: males) 4: 9 4: 9 
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2.2. Materials and Design 

The materials and study design were the same as 
those used for our study to investigate the causal 
inference ability of people with WS (Hsu, 2013b, p. 
3335) [5], with slight revisions made to meet the 
recruitment requirements of people with DS for this 
study. We adapted the methods developed in previous 
studies of causal inference and central coherence, 
including the use of the contextual relatedness of 
inferences [25], backward and forward inferences [26], 
impaired verbal inferences to physical causality [27], 
and homograph studies in people with autism spectrum 
disorders [28]. We combined the notion of semantic 
priming, which suggests that related pairs should be 
processed faster or elicit a more accurate response 
than unrelated pairs, with that of causal inference, 
which suggests that a successful link between 
antecedents and consequences can be accessed by 
selecting context-appropriate meanings. Our previous 
findings on the semantic knowledge of homonyms of 
people with WS allowed us to combine these two 
notions in the causal coherence task conducted in this 
study. Two causal coherence tasks were tested: 
backward inference and forward inference. Each task 
comprised 2 practice trials and 22 experimental trials. 
As the reading ability of people with DS is limited, all of 
the trials were presented orally and consisted of 
situations that were familiar to the clinical individuals 
and the younger MA-matched participants, such as 
eating hamburgers or taking exams. The agents in the 
scenarios were all cartoon characters popular in 
Taiwan. In the backward inference task, the average 
length of the homonyms tested was 2.36 syllables (14 
di-syllabic words and 8 tri-syllabic words), and the 
average length of the embedded sentences was 30 
syllables (range = 17–43). The homonyms were 
embedded at the end of the last sentence in the 
causes. The correct answers were distributed across 
the first (7 times), second (8 times), and third (7 times) 
choices. 

Another 22 scenarios with different homonyms were 
tested in the forward inference task. The average 
length of the tested homonyms was 2.40 syllables, and 
the average length of the embedded sentences was 27 
syllables (range = 18–36). The homonyms were 
embedded at the end of the last sentence in the 
consequences. The correct answers were distributed 
as the first (7 times), second (7 times), and third (8 
times) choices, respectively. All of the scenarios were 
familiar to the participants. The scenarios and the 
cartoon characters differed from those in the backward 

inference task. All of the homonyms were very common 
words in daily conversation in Taiwan. The details of 
the selection process for the homonyms in each task 
can be found in Hsu (2013b, p. 3336) [5]. 

Each trial had an embedded homonym that had a 
figurative meaning and a literal meaning. The contexts 
in which the homonyms were embedded were 
compatible with the figurative meanings. The wordings 
used in the responses with the figurative meanings did 
not superficially match the homonyms; however, the 
literal meanings and unrelated meanings did share 
syllables. For example, in the homonym 耳邊風, the 
syllables (Er3 [ear], Bian1 [edge], and Feng1 [wind] in 
Chinese with tone level) are given as its literal and 
unrelated meanings. We were interested in 
investigating whether the individuals with DS would pay 
more attention to the shared local elements (i.e., the 
number of syllables) than to integrating the homonym 
into the preceding context according to its non-literal 
figurative meaning. Each trial was introduced orally to 
participants in two parts—cause and consequence—
and each trial was presented as a short scenario. 

In the backward inference task, the researcher first 
presented a cause, followed by a consequence. Each 
cause had a homonym embedded in it. After presenting 
the two parts, a comprehension question targeting the 
figurative meaning of the homonym was posed. The 
participants had to infer the cause of each scenario 
backwardly from its consequence based on their 
understanding of the homonym. They were then 
presented with the figurative, literal, or unrelated 
meanings of the homonyms and were required to 
choose the correct alternative. The only way to choose 
correctly was to successfully make the inference from 
the consequence to the cause by understanding the 
homonym. The correct answer bridged the cause and 
the consequence of each scenario. For example, the 
cause of the scenario for the backward inference was 
“Daxung failed the exam this time. His mother often 
reminded him to study hard, but Daxung was 
inattentive to his mother’s reminders” (original Chinese 
text: 大雄這次考試不及格,	
 媽媽平常叫大雄認真讀書,	
 
大雄都把媽媽的話當作耳邊風) and the consequence 
was “Daxung regretted not paying attention to his 
mother’s reminders” (original Chinese text: 
結果是大雄很後悔沒有聽媽媽的話). The compre-
hension question asked was “What did Daxung do?” 
(original Chinese text: 請問大雄做了什麼事?) and three 
alternatives were given for participants to choose from: 
“Daxung did not take his mother’s words seriously” 
(figurative meaning, original Chinese text: 
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大雄不把媽媽的話當作一回事), “There was a wind 
blowing by Daxung’s ears” (literal meaning, original 
Chinese text: 大雄的耳朵旁吹過一陣風), and “Daxung’s 
ears were itchy because of the blowing wind” 
(unrelated meaning, original Chinese text: 
大雄的耳朵被風吹得很癢). 

In the forward inference task, the researcher first 
introduced a consequence and subsequently its cause. 
The participants were required to make correct forward 
inferences from the causes to the consequences. In 
parallel with the design of the backward inference task, 
the literal meanings and unrelated meanings shared 
syllables with the homonyms. For instance, in the 
homonym 潑冷水 (to dampen one’s enthusiasm), the 
syllables (Po1 [pour], Leng3 [cold], Shuei3 [water]) 
were included in the alternative literal and unrelated 
meanings. After posing the test questions, three 
choices were presented. An example scenario was 
“Sponge Bob would like to eat the candies on a shelf. 
He asked for help from Squidward Tentacles, but 
Squidward Tentacles dampened Sponge Bob’s 
enthusiasm” (original Chinese text: 
海綿寶寶想吃櫃子上的糖果,	
 找章魚哥幫忙,	
 

結果被章魚哥潑冷水); the cause was “It was because 
Sponge Bob is not tall enough to reach the candies on 
the shelf” (original Chinese text: 因為海綿寶寶不夠高,	
 
拿不到櫃子上的糖果). The three choices given were 
“Squidward Tentacles poured cold water on Sponge 
Bob” (literal meaning, original Chinese text: 
章魚哥用冷水潑海綿寶寶), “Squidward Tentacles did 
not help Sponge Bob to get the candies” (figurative 
meaning, original Chinese text: 
章魚哥沒有幫海綿寶寶拿糖果), and “Sponge Bob likes 
taking a bath with cold water” (unrelated meaning, 
original Chinese text: 海綿寶寶喜歡用冷水洗澡).  

2.3. Procedures 

The procedures for the tasks were the same as 
those used in the previous study (Hsu, 2013b, p. 3336) 
[5]. The participants were tested in a quiet room at 
school or at home. To maintain consistency, the 
researcher first read aloud the trials for the backward 
inference task and then read the trials for the forward 
inference task at a normal speed and with a natural 
intonation (not too rapidly and with no distortion). The 
researcher did not provide any special hints, 
inappropriate eye contact, or facial expressions that 
might have mistakenly guided the participants’ 
responses. Each trial could be repeated once on 
request. The participants were asked to pay attention 
to what the researcher said and to circle the correct 

answers on the answer sheets without help. Before 
each trial, the participants with DS were asked to 
recognize the cartoon characters involved from a 
booklet in which all of the characters were illustrated in 
color. These visual materials were believed to aid 
comprehension for the clinical individuals as reported 
by people with WS in our previous studies [8-10, 12]. 
Two practice trials were given before the real 
experiment began to make sure that the people with 
DS understood the instructions correctly. 

3. RESULTS 

The correct responses to each inference trial in 
each group were analyzed. The responses to the two 
inference tasks were taken as the within-subject factor 
(backward and forward) and groups were the between-
subject factors (CA, MA, and DS). No interaction was 
found. The correct responses to backward inferences 
(.80) did not differ from those to forward inferences 
(.78). The group difference reached significance [F(2, 
36) = 60.47, p < .001], suggesting that the individuals 
with DS responded most incorrectly in general among 
all of the groups [Bonferroni method of comparisons, 
DS (.51) vs. CA (.99) and DS vs. MA (.86) at p < .001 
level, CA vs. MA at p < .03, standard error (SE) = .045]. 
These findings suggest that people with DS were the 
worst at comprehending causal relationships. The 
percentage of correct responses is depicted in Figure 
1. Overall, the group with DS showed delayed rather 
than deviant causal inference ability, an index used in 
this study to represent central coherence ability.  

 
Figure 1: Percentage of correct responses in the three 
groups of participants in the backward and forward inference 
tasks. 

 We were interested to see whether the responses 
were different among the three types of homonym 
meanings. Analyses of each type of inference across 
the groups were thus conducted. For the backward 
inference analyses, a multivariate analysis of variance 
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was conducted taking the percentage of yes responses 
in the inference types (figurative meaning, literal 
meaning, and unrelated meaning) as the within-subject 
factor and the three groups (CA, MA, and DS) as the 
between-subject factor. The results revealed significant 
differences in each type (figurative meaning, F = 55.87, 
df = 2,63, p < .001, ƞ2 = .64; literal meaning, F = 17.14, 
df = 2,63, p < .001, ƞ2 = .35; unrelated meaning, F = 
48.24, df = 2,63, p < .001, ƞ2 = .61) as shown in Figure 
2. Post-hoc analyses using the Bonferroni method 
showed similar patterns in the backward inference type 
with the lowest percentage of correct responses from 
the participants with DS. In all three types of meanings, 
the participants with DS differed significantly from the 
MA-matched and CA-matched controls who in turn 
differed from each other. The results from controls 
implied adult-like development of backward causal 
inference takes time from childhood to adulthood. 
Separate group analyses revealed significant 
differences among response types in each group [CA, 
F(2,42) = 2134, p < .001, ƞ2 = .99; MA, F(2,42) = 397, p 
< .001, ƞ2 = .97; DS, F(2,42) = 11.35, p < .001, ƞ2 = 
.35], suggesting similar patterns across the groups. 
The percentage of responses of figurative meanings 
was greater than those of literal meanings and 
unrelated meanings, although the two latter types of 
responses did not differ from each other. The 
responses of the three groups are shown in Figure 2. 

 
Figure 2: Percentage of yes responses given by each group 
of participants in the backward inference task. 

The analyses of forward inferences used the same 
method with a within-subject factor and a between-
subject factor in a multivariate analyses of variance. 
The results revealed significant differences in the 
responses of each group to each type of inference 
(figurative meaning, F = 64.21, df = 2,63, p < .001, ƞ2 = 
.67; literal meaning, F = 21.59, df = 2,63, p < .001, ƞ2 = 
.41; and unrelated meaning, F = 40.83, df = 2,63, p < 
.001, ƞ2 = .56). Post-hoc comparisons using the 

Bonferroni method suggested that the participants with 
DS responded least correctly for all inference types. 
The MA-matched controls gave significantly fewer 
figurative responses than the CA-matched controls and 
mistakenly chose more literal responses. No difference 
was observed in the unrelated responses between 
these two groups. Responses of the three groups are 
shown in Figure 3.  

 
Figure 3: Percentage of yes responses given by each group 
of participants in the forward inference task. 

 Separate analyses of each group across inference 
types showed similar overall patterns [CA, F(2,42) = 
6674.33, p < .001, ƞ2 = .99 ; MA, F(2,42) = 231.30, p < 
.001, ƞ2 = .92; DS, F(2,42) = 6.46, p < .001, ƞ2 = .24]. 
Almost all of the participants chose more figurative 
responses than literal or unrelated responses from the 
three alternatives. The latter two response types did 
not reach significance. However, the DS individuals did 
not show significantly more figurative choices than 
unrelated responses in forward inferences. No 
difference in responses was found between literal 
meanings and unrelated meanings. Based on the 
findings, it is concluded that for DS people, causal 
inference ability develops differently in forward and 
backward directions. Their ability in forward inferences 
was deviant in contrast to delayed development in 
backward inferences based on the within-group 
comparisons for each inference type. 

4. DISCUSSION 

This study aimed to investigate the ability of people 
with DS to make backward and forward causal 
inferences to advance understanding of weak central 
coherence in people with genetic deficits other than the 
previous study on people with WS [5]. The participants 
in the study listened to several narrative scenarios, 
each with a homonym embedded at the end of the 
story, and they were required to choose the correct 
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meaning of the homonym from three options in a 
comprehension question. The three options included a 
figurative meaning, a literal meaning, and an unrelated 
meaning of the embedded homonym. The results of a 
between-group comparison revealed a distinct pattern 
of performance in DS individuals who were delayed in 
both types of inferences. Using the same stimuli, this 
finding differed from the results observed in Hsu 
(2013b) [5] where people with WS performed similarly 
to their MA-matched controls but differently from their 
CA-matched controls in both inference tasks. In 
addition, the performances of both control groups 
revealed that the ability to make inferences develops 
over time from childhood into adulthood. The results of 
a within-group comparison revealed similar 
performance patterns for each inference type in each 
group of participants, suggesting substantially slower 
development of backward causal inferences and 
probably deviant development of forward inferences in 
people with DS compared with typically developing 
(TD) controls. This conclusion is comparable with the 
performances on false belief tasks observed in people 
with DS compared with people with fragile X syndrome 
[18] and individuals with non-specific intelligence 
deficiency [29], suggesting that poor inference ability 
might be related to weak theory of mind, which would 
account for the interpersonal difficulties that people 
with DS have with peers. Although non-impaired 
contextual integration ability in people with DS with 
their mental-matched controls was observed by 
comparing the learning of new vocabulary in context 
and out of context [30], our results of the causal 
relationship in figurative comprehension of central 
coherence revealed both delayed and deviant 
processing. 

The low percentage of backward and forward 
causal inferences in people with DS possibly resulted 
from poor comprehension when listening compared 
with reading [31]. In the Roch et al.’s study, both the 
people with DS and the TD controls received the 
stories through reading and listening followed by 
multiple options with corresponding pictures. Their 
pointing responses to each text were measured as 
dependent variables. The findings revealed that people 
with DS performed worse in listening comprehension 
than the TD controls, but the two groups did not differ 
in reading comprehension. Smith and Jarrold (2014) 
[32] also demonstrated deviant verbal performance on 
short-term memory recall in people with DS. Carney et 
al. (2013) [33] confirmed the poor verbal short-term 
memory of people with DS in contrast to the poor 

visuospatial short-term memory of people with WS from 
developmental between-group comparisons, 
suggesting a clear double dissociation of verbal and 
visuospatial short-term memory systems in these two 
syndromes. Their finding is compatible with our results 
that people with DS have poor verbal ability. Jarrold, 
Baddeley, and Phillips (2007) [34] inferred that verbal 
and visuospatial impairments in people with DS and 
those with WS represented true deficiencies in short-
term memory subsystems of the phonological loop and 
visual sketchpad. Hence, these deficits resulted in the 
general associating impairments in each syndrome. In 
our study, we used familiar cartoon characters in 
narrative scenarios to help the understanding of people 
with DS. Still, our results might be interpreted under the 
limitations of short-term memory ability in DS 
individuals. Taken together, these distinct etiologies 
cause different cognitive functioning profiles in special 
populations [35]. Our results revealed that figurative 
comprehension of people with DS showed larger 
discontinuity to forward and backward inferences, and 
poorer contextual competence compared to both 
groups of controls. 

These results will be useful for designing 
intervention programs to improve the cognitive abilities 
of people with DS. It has been shown that children can 
make great advances in various cognitive abilities 
when their weaknesses are strengthened using 
approaches that take advantage of their natural 
aptitudes. In a 3-year longitudinal study Iacob and 
Musuroi [36] developed a new program – See and 
Learn – to introduce three children with DS to new 
vocabulary and new concepts using pictorial materials 
and written words. This approach was used because 
the children, aged 6–8 years, had relatively good 
visuospatial short-term memory. In addition, through 
training in strategies to integrate sensory information 
and express sensory fears, the children gradually 
managed to deal with various sensory inputs around 
them and became less sensitive to daily routines. 
Moreover, with a rehearsing training program (12 
sessions, 20 min each), the DS children increased their 
memory span for words. This ability was not only 
observed after training but was also maintained eight 
months later. Iacob and Musuroi also found that the 
intelligence quotient scores of the children changed. As 
similar training effects have been demonstrated with 
computer-assisted programs for people with other 
developmental disabilities such as autism spectrum 
disorder [37, 38] and attention deficit hyperactive 
disorder [39], and neurological disorders such as 
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Alzheimer’s disease [40-42], it is hoped that similar 
results can be obtained for people with developmental 
disabilities. Given this evidence for improvement, we 
hope that people with DS can eventually attain the 
same ability to make backward causal inferences 
and/or to reach non-deviant forward causal inferences 
as the MA-matched controls after effective training. The 
educational implication of our study for specialists and 
parents with children with DS is to teach them by 
providing more attention to contexts and making 
connections specifically with figurative or ambiguous 
words. This training can gradually help people with DS 
disambiguate words with multiple meanings to reach 
semantic or pragmatic understanding from contexts. 
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