Exploring Semantic Knowledge of Chinese Williams Syndrome:

A New Approach from False Memory

The main focus of this study is to explore semantic knowledge in terms of concept
formation in people with Williams Syndrome (WS). This research idea comes from the
selective impairment in meaning relative to grammatical knowledge in language of Williams
Syndrome patients. Two experiments related to false memory studies are provided in this

research project.

In Experiment 1, a Deese-Roediger-McDermott (DRM) paradigm (1959, 1995, & 1998)
is employed behaviorally and in neural correlates. Subjects are required to listen to many
words which are semantically related and later on are asked to recognize them among lumped
various words. It is expected that WS patients would show specific item memory effect for
old items compared with lure items and new items. However, their gist memory ability would
be deficit. In other words, they cannot form a concept automatically from semantically related
words (lures) presented as their matched mental age controls and college students. The results
of our study in behavioral data show WS patients also perform gist memory as controlled

groups, suggesting a preserved semantic knowledge of mental lexicon.

In Experiment 2, an event related brain potential study on false memory was employed.
It is interesting to see whether WS patients show the same neural correlates pattern as normal
college students. In other words, are WS patients’ semantic knowledge really normal? From
event-related brain potentials study, the results showed that WS patients treated lures more
like new items (i.e. semantically unrelated words) as compared to the ones of college students

who treated lures much more like old items (i.e. the actual presented words). This difference
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suggests that WS patients may have a distinct semantic network in terms of underlying

mechanism operated.

The results of these two studies from behavior to neural correlates suggest that WS
patients apply different underlying mechanism on semantic processing. Furthermore, the
results also confirm an observation that behavioral performance does not imply normal

processing with the same mechanism.

The Implications of This Research Project

There are three major reasons to conduct this research project. First, from literature
on WS in the past, there is no study on investigating their semantic comprehension. Almost
all research studies focus on their grammatical knowledge rather than semantic
understanding. It is well known that WS individuals have preserved sentence structure
presentation, but how good is their comprehension? Sporadic studies showed problematic
semantic understanding on WS. For example, mapping error (Zukowski, 2001), which
place arguments in wrong positions in a sentence, is frequently observed on WS. Second,
recently researchers on WS have noticed that WS individuals have quite good verbal
working memory ability and show high correlation with verbal learning and structure
building (Mervis, 2003), but no one pursuits further like how they can master language so

well by taking working memory advantage.

We sincerely hope that this research can be benefit to WS individuals directly and the
results can be references of people who may concern this genetic disordered population
like pathologists, special educationists, and parents. If they do have difficulty in

understanding meaning, pathologists/teachers/parents should pay more attention on
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explaining words or instructions clearer. Furthermore, we hope these research results can
be useful to inventing learning instruments for WS individuals. We wish them to have a

better life because of our research in the near future.

Methodology

Exp. 1: Creating False Memory on Chinese Williams Syndrome
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Participants 16 WS patients join in this study. Their mean chronological age is 33.71 and
mean mental age is 8.76 based on WSIC-III (for patients who are younger than 16 years of
age) or WAIS-I1II (for patients who are older than 16 years old). Another group with matched
mental age children (mean chronological age is 8.54) and fully developed college students are

recruited as control groups.

Design and Materials 8 lists with 10 words each are studied items. Each list refers to a
non-presented word which is the theme word of the list (in this study we call it the lure item).
For example, a list containing words as following: & &, #&7E, B4R, v 2 G A,
24T, BREE, 374, % ¢ and the theme word related to it is # i The word lists for this
study are given in Appendix 1. All studied words are recorded by using the software for
speech synthesis, Praat, in a female voice and the recording rate is approximately one syllable

per second. All words are disyllables and highly semantically related with each other. Stimuli

are presented in blocks rather than mixed design.

As for the recognition phase, another 72 items are presented as test stimuli. There are 9 words

for each list, including 3 studied words (i.e. old items), 3 non-presented words (i.e. new items)
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and 3 theme words (i.e. lure items). The difference between lures and new items is semantic
relatedness. Subjects are instructed to press the left side of the mouse to indicate their yes
responses and right side their no responses. After each judgment by clicking a mouse, subjects
are required to give a confidence values from 5 (the most confident) to 1 (the least confident).
There are three dependent variables for this study, response latency, accuracy, and confidence

rating.

Unlike Deese (1959), Roediger and McDermott (1995), this study is going to use
matched modality presentation. Both study lists and recognition lists are presented in auditory
modalities. It seems that the false alarm rates are higher for mismatched modalities, which are
the traditional DRM method used (i.e. visual presentation in the study phase and visual
presentation in the recognition phase or auditory presentation in the study phase and auditory
presentation in the recognition phase). Though study performed by Maylor and Mo (1999)
showed that visual-auditory presentation is higher than auditory-auditory (AA) presentation,
in this study AA presentation is conducted because WS patients are not fluent readers. Of
course, this known study-recognition modality effect will be taken into consideration in

discussion.

Procedure In the study phase, a fixation point is displayed on the screen for 500 ms and
followed by a disyllabic word approximately 2 second. Subjects are instructed to do nothing
but to pay closely attention to the word. In the recognition phase, a fixation point is presented
500 ms on the screen and a test word followed. After subjects’ response toward the word by
pressing the mouse, a confidence rating is required. After a confidence value is assigned, a

blank for 500 ms remained on the screen to initiate next trial.

Prediction There are 3 effects concerned: (1) specific memory effect for the comparison of
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old items and lure items, (2) specific memory effect for old items and new items, (3) gist

memory effect for lure items and new items.

For college students (the basic control group), it is predicted that they would show all
these three effects because they can remember the old items clearly and automatically form a

concept from semantically related words.

For matched mental age controlled group, they could also show all these three effects as
college students. However, the false alarm rates might be lower for both lure items and new
items because they are not fully developed individuals who might have incomplete semantic
network as adults. Basically the patterns on these three memory effects should be obtained

without doubt.

For WS patients, there are two possible predictions. First, if patients have impaired
semantic knowledge in terms of concept formation, it is predicted that they would not show
gist memory effect. This inability to have automatic formation comes from their dependence
on verbatim memory rather than on gist memory. In other words, they can recollect the
detailed information of presented words in memory correctly, but they cannot form a
gist-based memory from their semantic network. Second, if WS patients have unimpaired

semantic knowledge, it is predicted that they would perform same patterns as normal groups.

College Students Results

A one-way ANOVA shows that the main effect of conditions reached significance, F (2, 8)
= 93.01, p < .001. The hit rates for old items (75%) are higher than the false alarm rates for

lure items (41%), which in turn is higher than the one for new items (14%). These results
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indicate an automatic semantic formation is observed on college students.

Table 1 Yes Percentage of College Students in Three Conditions (n=5)
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Matched Mental Age Control Group Results

A one-way ANOVA shows that the main effect of conditions is significant, F (2, 30) =

67.30, p <.001. The patterns are very similar to the one of college students.

Table 2 Yes Percentage of Matched Mental Age Control Group in Three Conditions (n=16)
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Williams Syndrome Patients Results

Another one-way ANOVA shows that the same patterns are obtained in WS patients [F (2,
30) = 15.65, p < .001]. They show high misrecognition rates (i.e. false alarm rates) for
semantically related items, suggesting an unimpaired semantic knowledge in their mental
lexicon. They can not only recognize the old items clearly, but also form gist memory for lure

items.

Table 3 Yes Percentage of Williams Syndrome Patients in Three Conditions (n=16)
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Group Comparison Results

A two-way ANOVA which takes groups as a between factor and conditions as a within
factor show that no interaction is found, F (4, 102) = 1.861, p > .05. The main effect of groups
is significant, F (2, 102) = 3.367, p < .05 and the main effect of conditions is also significant,
F (2, 102) = 36.42, p < .001. This pattern indicates that the results are quite parallel in three

groups. No any group performs worse than other groups in any conditions.

Table 4 Yes Percentage of Three Groups in Three Conditions
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Individual Analysis on Discriminability Values

A two-way ANOVA shows that there is no interaction between these three groups in
three conditions, F (4, 102) = .983, p > .05. The main effects on groups and on subjects are all
significant (p < .05). For old and new A’ value, a one-way ANOVA shows that the comparison
between college students (CS) and matched mental age controls (MA) is marginally
significant. But other two comparisons between MA vs. WS and CS vs. WS are significantly
different. For old and lure A’ value, another one-way ANOVA shows that the A" between CS
and MA is not different to each other. This result suggests that these two groups use similar
criteria in judging lures. However, the comparison between MA and WS is significantly
different. Meanwhile, the comparison between CS and WS reaches marginally different. So,
WS patients have lower criteria in judging lure items. As for lure and new items, the
comparison between WS and MA is not different and the comparison between CS and MA is

marginally different. The difference between CS and WS is significant.

Table 6 Discriminability Values (A’) of Three Groups in Three Conditions
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Individual Analysis on Response Bias

A one-way ANOVA shows that there is no interaction between three groups on any
comparisons of conditions, F (4, 102) = 1.01, p >.05. The main effect of conditions reaches
significance (p < .05), but the main effect of groups does not (p > .05). For college students,
B” value on the comparison between old and lure items is different from comparisons
between old vs. new items and lure vs. new items, suggesting that they are more liberal to
respond to lure items. It seems that they could not distinguish lure items from old items. In
other words, college students treat lures much more like old items. For matched mental age
children, they also show the same pattern, which the comparison between old vs. lure items is
significantly different from comparisons between other conditions. This pattern observed in
both college students and matched mental age children is not obtained in WS patients. None

of the comparisons reaches significance. They seem to perform all responses in conservation.
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They are not prone to say yes to all responses. In other words, WS patients do understand this

task and follow the instruction.

Table 7 Response Bias (B”) of Three Groups in Three Conditions

Response Bias
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Interim Summary of Exp. 1

In this study, WS patients show parallel pattern to their normal control groups, including
college students and matched mental age children. They show three memory effects on
specific items and constructed non-presented concepts. Based on these results, it can be
inferred that WS patients do not have impaired semantic knowledge because they can form
semantic network from displayed related words automatically. Their semantic network seems

to be (near-) normal as typically developing adults and children.

However, questions still remain. Do their behavioral patterns come from same
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mechanism operated in cognition as normal people or from superficial behavioral proficiency?
In other words, do these results merely reflect their surface knowledge disguised by totally
different underlying mechanism? If so, what kind of mechanism they use/apply? In order to
pursuit questions further, neural correlates of gist memory formation are investigated by using

event-related potentials with high temporal resolution.

Exp. 2: An Event-Related Brain Potentials Study of False Memory on Chinese

Williams Syndrome

R  RBRVEREOBRR{EH L BEEPMEF T NAAT

This study is parallel to experiment one. According to previous studies with ERPs as face
processing of WS patients (Mills, Alvarez, George, Appelbaum, Bellugi, and Neville, 2000),
different underlying neuropsychological patterns are found (i.e. reversed N100/N200 complex
and also N320 component for both upright and inverted faces), which are very distinctive
from the ones observed in normal people. Moreover, another ERPs study on comprehension
(i.e. N400) also finds different patterns from normal people. WS patients show both N400 and
LPC toward semantic anomaly sentences whereas typically developing control groups do not
show N400 anymore (Neville, Mills, & Bellugi, 1994). Therefore, it is interesting to see
whether WS patients show different patterns of neural correlates to semantic memory as false

memory paradigm employed in this study.

Participants 7 subjects with WS who are older than 10 years old (CA = 27.41; MA = 9.59)
and matched mental age children (MA = 9.56) are recruited. Since these two groups of
individuals are not fully developed populations, another 10 college students are included

serving as a basic control group.
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Design and Materials There are 16 word lists which are divided into two blocks in this
study. Each block contains 8 word lists and 13 words are included in each list. Thus there are
208 words presented to each subject in the study phase. After each block, another 96 words
are tested in the recognition phase. There are 12 words for each word list, including 3
presented old words (i.e. old items), 6 non-presented theme words (i.e. lure items) and 3
non-presented new words (i.e. new items). All stimuli are recorded in a female voice
approximately one word a second with a sound-recorded software, Praat, in 44100 monotone
frequency. This study is also in AA presentation which means stimuli are all presented in
auditory modality in both study phase and recognition phase. The stimuli are provided in

Appendix 2.

Procedure In the study phase, a fixation point is shown on the computer screen for 2500ms.
During presentation of a fixation, after 500ms there is a disyllabic word presented through
speakers connected to a computer displayed stimuli. A disyllabic word is approximately
presented for 2 seconds. Right after this presentation, another fixation on the screen starts a

new trial.

In the recognition phase, a fixation point is displayed on the computer screen for 500ms.
After 500ms, a target word is presented through speakers. Subjects are required to make a
judgment toward that target whether it is heard before by clicking a mouse. If the target word
has been heard before, they press the left side of the mouse. If it has not been heard before,
they press the right side of the mouse. After each judgment is made, a 500ms blank is shown
on the screen and a sign “@” is displayed instead to initiate next trial. Subjects are asked to
press the space bar to begin. This design is sort of like self-pace reading paradigm in which
subjects can stop making judgment during experiment at any time. This design is especially

for WS patients because they may have unexpected needs. Each target word is presented in



Page 14

approximately 2 seconds. Thus a complete trial is approximately 3500ms. Before real
experiment begins, practice trials are given to each subject. For WS patients, several practice

sections are needed to make sure they understand requirements.

During this experiment, EEG is recorded simultaneously. The electrode sites are
especially interested on the left parietal area and the right frontal area, which are reported to

be relevant to false memory.

Prediction

For normal participants, the old new effect is supposed to be observed. According to
the literature, the brainwaves for old items are more positive going and the ones for new
items are more negative. For WS patients, they are predicted to show same patterns as their

normal control groups.

EEG Recording

A 64 channel electrode cap is used in recording EEG on college students and WS
patients whereas another 32 channel electrode cap is used in recording matched mental age
students” EEG. Equivalent electrode sites are compared no matter which channel numbers are
used. Recordings are taken from all channels over the scalp including standard 10-20 system
locations. The EEG was amplified with a bandpass of .01 to 100 Hz. ERPs are averaged
off-line. The averages include only trials that are free from artifact to which the subject

responded correctly.

College Students Results
The brain waveforms of these three conditions are provided in Figure 1 to 3 below. The

examples shown here are in central electrode sites, C3, Cz, and C4. The old new effect is
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clearly observed in college students, i.e. the waveforms of hit responses are significantly
different from the ones of correct rejection responses. The differences are in the time window
of 700ms to 1250ms in left and central cortexes. The main effect of condition is p =.0037 and
the main effect of hemisphere is p = .0087. The difference of the later mainly comes from the
difference between central hemisphere and left hemisphere (p< .05) and also the difference
between central hemisphere and right hemisphere (p < .05). The interaction of hemisphere and
cortical area reaches significance, p = .0014 and the simple main effect comes from the
difference between central and parietal cortex in left hemisphere, F (1, 27) = 5.736, p = .024.
The left hemisphere has greater neural activities (-4.802) than the right hemisphere (-2.053)
and so does the central hemisphere (-4.753) than the right hemisphere. Meanwhile, the simple
main effect of the difference between these two cortical areas in the central hemisphere
reaches marginal significance, F (1, 27) = 3.570, p = .069. Furthermore, the simple main
effect of hemispheres in central cortex is significant, F (2, 36) = 11.60, p = .0001. The simple

main effect of hemispheres in parietal cortex is not significantly different.

A two way interaction of hemisphere and cortical area is significant, p = .029. The
simple main effect comes from the larger activation of right frontal area (-3.638) than the right
central area (-2.053). This difference is marginally significant, F (1, 27) = 4.195, p = .05.
Compared to central area, frontal area has similar activation in left hemisphere and central
hemisphere (-4.802 and -4.753 for the former; -4.979 and -4.349 for the latter). There is no

difference between these locations.
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Williams Syndrome Results

From the brain waveforms of WS patients, it seems clear that old new effect is obtained.

However, due to the limitation of subject numbers (n=6), the difference is not significant.
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Appendix 1 DRM word list in Exp. 1
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Appendix 2 ERP DRM word list in Exp. 2
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