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Phonological Short-term Memory Capacity and Non-Adjacent Dependency-Learning

Abstract

This study investigated the relationship between phonological short-term memory

capacity and non-adjacent dependency-learning.  Forty university students were exposed to

four-element strings in which the first element was dependent to the last element.

Participants were then tested with a discrimination task in which they were required to

discriminate the trained dependencies from the untrained ones. Participants were also tested

on their phonological short-term memory capacity and nonverbal intelligence. Results

demonstrated that the performance of the discrimination task was positively correlated with

the phonological short-term memory capacity. The study suggested that the non-adjacent

dependency-learning performance increased with the phonological short-term memory

capacity providing implication on typical and atypical language acquisition.
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Introduction

Dependency learning and language acquisition

Dependency is a regularity embedded in a sequence of elements, such that an element is

dependent on the preceding element, or one element can predict the next element. It can

exist in simple sequences (e.g., counting, singing musical notes in scale, and tying shoelaces)

or in high-level cognitive tasks relating to event knowledge (e.g., cooking a dish or buying

things in the supermarket), analysis and planning. Therefore, many activities in daily life

involved dependencies. Researchers have suggested that dependencies can be learnt rapidly,

implicitly and invariant of age (Saffran, Aslin, & Newport, 1996; Saffran, Newport, Aslin,

Tunick, & Barrueco, 1997). Some dependencies are more predictable and easier to learn but

some are not. Mechanism of learning the dependencies, especially those embedded in

sound strings, has gained researchers’ interests. Researchers have defined dependency

learning as the abstraction and generalization of the dependencies after an extensive exposure

of exemplars of the sequences that share the same regularity (Saffran, 2001). They have

characterized the mechanism of dependency learning through investigating and comparing

the ability of participants to acquire the dependencies, with various features, such as

variability (Gomez, 2002) and acoustic similarity (Creel, Newport, & Aslin, 2004), or under

different learning conditions such as modality of exposure (visual vs. auditory; Frank and

Gibson, 2011), or with different participant features such as age group (Saffran et al., 1997).
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Researchers have suggested that dependency learning may play a critical role in
different aspects of language acquisition, including word segmentation, syntax and
morphology (Morgan, Meier, & Newport, 1987; Saffran, et al., 1996; Saffran, 2002). In the
formation of linguistic phrases and words, the existence of some word classes or morphemes
may form dependencies, governed by grammar. Inflection is the change of word form by
adding an inflectional morpheme to a word while derivation is the change of word class or
word meaning by adding a derivational morpheme (Bubenik, 1999). The use of these
grammatical morphemes frequently involves dependencies. There are two types of
dependencies which commonly exist in both inflectional (e.g., English) and non-inflectional
language (e.g., Chinese). Adjacent dependency is the dependency between two consecutive
elements. Examples in languages are the dependencies between subjects and verbs (e.g., |
go, She writes), those between determiners and nouns (e.g., a car, an apple, the orange), and
those between derivational morphemes un- and adjectives or adverbs (e.g., unhappy,
unfortunately) in English, and the dependencies between degree adverbs and adjectives in
Chinese (e.g., 1EBd.[», FZ=Z). Non-adjacent dependency is the dependency between two
consecutive elements with intervening elements in between. Examples in languages are the
dependencies between auxiliaries and inflectional morphemes in English (e.g., is eating, has
fallen), those between temporal adverbs and post verb particles (e.g., i, (fRER),

and those between prepositions and action verbs (e.g., #hikgyefafdg, HIEIEEREL, 5
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[E] %45 T) in Chinese.  Through investigating the mechanism of dependency learning,
researchers may learn more about the mechanism of language acquisition.
Constraints of non-adjacent dependency learning

Researchers proposed that the mechanism of learning non-adjacent dependencies
involved more constraints than that of learning adjacent dependencies. They also found that
some types of non-adjacent regularities were easier to learn than the others. Gomez (2002)
first studied the constraints of element variability using auditory strings. Forty eight adult
learners (undergraduate students) and forty eight infant learners aged 18 months 18 days in
average were exposed to the successive AXB units in which the elements A and B form
dependencies. The adult learners were exposed to three dependencies (e.g., pel-puser-rud,
vot-puser-jic, and dak-fengle-tood) with different set-size (2, 6, 12, or 24) of middle
intervening X elements, while the infants learners were exposed to two dependencies and X
elements with set-size 3, 12 or 24. The participants were then tested to discriminate the
trained dependencies from the untrained ones. The adult learners responded through
pressing a keyboard while the infant learners responded though head turning. The results
showed that the degree to which the non-adjacent dependency A_B was learnt increased
evidently under situations of greatest variability of X in both adults and infants. Go6mez

suggested that if X was more variable, the adjacent dependency (i.e., AX and XB) were less
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stable to be learnt, and therefore people changed their attention to the relatively stable

non-adjacent dependency (i.e., A_B).

While some researchers studied the mechanism of non-adjacent dependency learning

through manipulating the features of the regularities, Frank and Gibson (2011) proposed that

memory constraints of learners might also contribute to the failures in non-adjacent

dependency-learning tasks. The memory constraints they referred to was the capacity to

retain the stimuli for sufficient duration for learning. They replicated Gomez’s (2002) study

but alleviated the memory demand on adult learners by presenting visual stimuli concurrently

instead of presenting auditory stimuli sequentially.  Sixteen adult learners (undergraduate

students) were presented with the AXB units written on separate index cards, followed by a

discrimination test. In this condition, the adult learners were able to learn the non-adjacent

dependencies with only six X elements, which were shown to be hard for participants to

acquire via sequential auditory presentation in Gomez’s study. Frank and Gibson suggested

that the memory constraints limited the accessibility of the stimuli for the process of

abstracting the dependencies. However, they could not verify whether the ease of

abstracting the dependencies was due to the reduced memory demand only, or due to the

difference between auditory processing versus visual processing, or both.  Also, they study

the memory factor though reducing the memory demands of the dependency learning task

only, but not increasing the memory demands or varying the memory capacity of individuals.



SHORT-TERM MEMORY AND DEPENDENCY-LEARNING 7

Objective of the current study

Given that Gomez (2002) used sequential auditory presentation, the memory constraint

could be referred as the capacity to retain the auditory information. This capacity was

termed as phonological short-term memory capacity (Baddeley, 2010). However, everyone

had different memory capacity, the dependency learning effect of individuals with different

memory capacities might also vary. The research gap was that whether there might be a

possible relationship between phonological short-term-memory (STM) capacity and

non-adjacent dependency-learning (NAD-learning) when the auditory stimuli were

sequentially presented. We hypothesized that the participants having larger phonological

STM capacity would have better performance in learning the non-adjacent dependencies. It

was because storing of more string stimuli would allow more information to be processed

when abstracting their regularities. Therefore a positive correlation between the

phonological STM capacity and the NAD-learning performance was expected. If this was

the case, it would further our understanding on typical and atypical language acquisition, for

example, specific language impairment (SLI). Researchers found that SLI frequently

co-occurred with phonological short-term memory deficits, which may underpin the language

learning difficulties (Archibald & Gathercole, 2006; Montgomery & Evans, 2009).

The purpose of the current study was to investigate the relationship between

phonological STM capacity and NAD-learning performance in adults.  Apart from the
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performance in NAD-learning, which was represented by the performance scores in the
discrimination task, and the phonological STM capacity in recalling digits, pseudomorphemes
and pseudosyllables, we also measured the participant’s nonverbal intelligence. Brooks,
Kempe and Sionov (2006) found that nonverbal intelligence correlated with their artificial
language learning task, which was similar to a dependency learning task. Therefore, we
should take the individual differences in nonverbal intelligence into account.  The study
investigated the correlation of the performance in NAD-learning task and the phonological

STM capacity with the nonverbal intelligence as a control variable.
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Method

Participants. Forty undergraduate students at the University of Hong Kong, the

Chinese University of Hong Kong and the Hong Kong Polytechnic University, aged between

18 years old to 23 years old, participated in this study. All participants were reported to

have normal hearing.

Design. Each participant completed a NAD-learning task, three phonological STM tests

and a nonverbal intelligence test. The NAD-learning task involved a training phase and a

testing phase. In the training phase, each participant was assigned to one of the two groups

following Gomez (2002) design.

Stimuli.  The artificial language used in the NAD-learning task was adopted from

Gobmez (2002), adjusting the syllables to Cantonese pseudosyllables, with set size equaled to

24. The artificial languages were phrases formed from four syllables. Each syllable was

checked using the Chinese character database: with word-formations phonologically

disambiguated according to the Cantonese dialect (Research Centre for Humanities

Computing, Chinese University of Hong Kong, 2003) to ensure that it was not exist in

Cantonese.

In the training phase, each participant listened to auditory strings generated by one of the

two artificial languages (L1 or L2, shown in Fig.1). L1 was formed from the combination of

aXd, bXe and cXf, while L2 was formed from the combination of aXe, bXf and cXd with each
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of the 24 X elements. The elements a, b, ¢, d, e and f were /p"ep®/, ot} Itek/, Itsim®!, Hun?/
and /wyn?/ respectively. A full list of elements used to construct the training strings was
presented in Appendix 1. In the testing phase, testing strings were formed from axd, bXe
and cXf, with their counter pair aXe, bXf and cXd accordingly, with one pair in each trial.
Testing strings were divided into two types, namely trained string, in which the X elements
used for combination were chosen from the training materials, and generalized string in
which the X elements used for combination were untrained (generalized) items. Four
trained X element and four untrained (generalized) X elements were used to construct the
testing strings for both L1 and L2. A full list of elements used to construct the testing
strings was presented in Appendix 2. Word tokens were used to generate both L1 and L2
strings. They were used for eliminating the talker-induced difference in each string. There
were 250-ms pauses between each syllable and 750-ms pauses between each string such that

the participant would be able to distinguish syllables and strings.

Lanquage 1 (L1) Language 2 (L2)
S axd S=>{ axe
bXe bXf
CXf } cXd }
X 9X1,X2, ...X24

Figure 1. Structure of the languages used.
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There were three tests to measure the phonological STM capacity of participants. For

the digit span forward test, stimuli were adopted from the digit span subtest in the Wechsler

Adult Intelligence scale — Fourth Edition (WAIS-1V; Wechsler, 2008a). More items (no.

9-13) were added to avoid the ceiling effect. For the nonword repetition tests with

pseudomorphemes and with pseudosyllables, the stimuli were adopted from the nonword

repetition test in the Hong Kong Cantonese Oral Language Assessment Scales (HKCOLAS;

T’sou et al., 2006). One more trial was added for each trial to increase the reliability. A

full list of test items in the phonological STM tests was presented in Appendix 3. A female

speaker recorded all auditory stimuli using a software AD Sound Recorder (version 3.8).

Each participant listened to the auditory stimuli using a headphone (Panasonic RP-HT090).

Procedure. Participants were randomly assigned to one of the two artificial language

groups (i.e., L1 and L2). During the training phase of the NAD-learning task, participants

were instructed to listen to a novel language for a test that followed. They listened to six

iterations of training strings in which each contained 72 training strings (3 dependencies x 24

X elements). Training phase lasted approximately 32 minutes. Prior to the discrimination

test, the participants were instructed that the strings they had listened in the training phase

were forming from regularities related to the word order, and they would now hear two

auditory strings in each trial, with one followed the same word order as in the training strings,

while one did not. They were instructed to press the left button if they thought that the first
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string followed the regularities and press the right button if they thought that the second

string followed the regularities. There were 24 test trials in total.

After the NAD-learning task was the phonological STM tests.  The participants were

instructed to recall what they heard after presentation of each testing string and the first test

involved number, the second test involved character (pseudomorphemes) and the third test

involved non-character (pseudosyllables). Each span (number of digits or syllables) of

strings had two trials. If the recall was correct for at least one trial, the span would be

increased. This procedure was repeated until the participants recall inaccurately for both

trials. The process was audio recorded.

The final test was the nonverbal intelligence test. Raven’s Advanced Progressive

Matrices (APM; Raven, Raven, & Court, 1998d) was conducted. The participants were

instructed to finish Set | and Set Il without a time limit.

Scoring procedure. For the NAD-learning test, the participants’ scores were the

numbers of correct answers in the discrimination task, with 24 as the maximum. For the

phonological STM tests, the participants’ scores for each part were the numbers of trials that

they recalled correctly in that part.  For the nonverbal intelligence test, the participants’

scores were the numbers of correct answers counting for both set | and set I, with 48 as the

maximum.
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Results

Non-Adjacent Dependency-Learning

Table 1 presents the means and the standard deviations for the scores of the participants

in trained strings and the generalized strings, and for the overall scores of the participants (the

sum of scores for trained and generalized strings) in each of the two artificial language

groups (L1 and L2)

Table 1

Mean scores in NAD-Learning testing phase for trained string and generalized string

Artificial Non-Adjacent Dependency-Learning
Language Group N Trained String Generalized String Overall
L1 20 7.05 6.50 13.55
(2.19) (2.54) (4.32)
L2 20 7.60 7.10 14.80
(2.44) (2.85) (4.96)

Standard Deviations appear in parentheses below means.

A mixed design 2-by-2 two-way analysis of variance (ANOVA), with artificial language
groups (L1 vs. L2) as a between-subjects variable and string types (trained vs. generalized) as

a within-subjects variable, was first carried out. There were no significant main effects of
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artificial language materials, F (1, 38) = .62, p = .44, and string types, F (1, 38) = 2.76, p

=.11. There was also no significant interaction effect between artificial language groups

and string types, F (1, 38) =.01, p=.94. As there was no significant difference either

between the language groups or between the string types, the data was collapsed across

language groups and string types in the following analyses. A one sample t-test was carried

out to test whether participants’ performance was significantly above chance level. The

mean of the overall scores for all participants was 14.20, which was significantly different

from chance level, t (39) = 3.0, p <.05. This finding suggests that participants were able to

discriminate the trained non-adjacent dependencies from the untrained ones.

Correlation between Non-Adjacent Dependency-Learning and Phonological Short-term

Memory Capacity

Table 2 presents the means and the standard deviations for the scores in the

NAD-learning test, the phonological STM tests and the nonverbal intelligence test. The

Pearson correlation analysis was first carried out to study the relationships between the

performance of the NAD-learning and the phonological STM capacity. There was a

significant positive correlation between the scores for the NAD-learning test and the scores

for the nonword repetition test with pseudomorphemes, r = .383, p < .05, and that with

pseudosyllables, r =.346, p <.05. There was a marginal significant positive correlation

between NAD-learning test and the scores for the digit span forward test, r = .307, p = .05.
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There was also a marginal significant correlation between the scores for the nonverbal

intelligence test and the scores for the NAD-learning test, r =.264, p =.10. Thus, nonverbal

intelligence was controlled to reveal a pure measure of the relationship between the

NAD-learning performance and the phonological STM capacity. Results show a significant

positive correlation between the scores for the NAD-learning test and the scores for the

nonword repetition test with pseudomorphemes, r =.370, p < .05, and that with

pseudosyllables, r =.338, p < .05, suggesting that the NAD-learning performance increased

with the phonological STM capacity.

Table 2

Means and standard deviations for Principal Measures (N=40)

Measures M SD

NAD-learning Test 14.20 4.63

Phonological Short-term Memory Test

Digit Span Forward Test 16.48 3.43
Nonword Repetition Test with Pseudomorphemes 9.35 2.32
Nonword Repetition Test with Pseudosyllables 5.33 1.99

Nonverbal intelligence Test 43.23 3.29
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The following was the summary of the main findings for the result analysis.  First, the
performance of NAD-learning did not vary with the artificial language materials and the
string types tested. Second, the participants had an above-chance performance in the
NAD-learning test. And most importantly, answering the research question, the

NAD-learning performance of the participants increased with the phonological STM capacity.
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Discussion

The following discussion focus on four particular issues: first, the learning effect of the

NAD-learning task in our study; second, the relationship between phonological STM capacity

and the learning effect; third, the implications on future researches and on language

acquisition; and forth, the suggestions on further studies.

Learning effect on the Non-Adjacent Dependency-Learning task

Before studying the relationship between phonological STM capacity and NAD-learning,

we had to verify that the NAD-learning task in this study could allow a NAD-learning effect

to occur. The performance of participants on the NAD-learning task did not significantly

vary with the artificial language materials (L1 and L2). This result was consistent with

Gdmez’s study (2002) that no significant difference was found between the performances of

participant groups, which were assigned to learn two different artificial language materials.

It implied that the performance on NAD-learning was material independent.

The participants’ performance on the NAD-learning task did not significantly vary with

the string types tested (trained strings and generalized strings).  This result was consistent

with Frank and Gibson’s (2011) findings that there were only marginal significant (p = .09)

decrements in performance in the generalization condition. The participants had an

above-chance performance in the NAD-learning test. Accuracy on the grammaticality test

exceeding that of chance performance would provide evidence of artificial grammar learning
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(Gomez, 1997). It implied that participants’ learning effect of NAD-learning in this study

was observed. This result was consistent with Gomez’s (2002) findings that adult learners

were able to acquire the dependencies between the first and the last elements when the

variability of the second element was 24. Therefore, the current study replicated the

Western findings with Cantonese-lite stimuli in a Cantonese population.

Relationship between Non-Adjacent Dependency-Learning and Phonological

Short-term Memory Capacity

Although the participant showed learning effect in the NAD-learning task, the

proficiency, defined here as how well did the participant learn the dependencies, on the

non-adjacent dependencies would varied among participants. The differences of the scores

in the NAD-learning testing phase among participants reflected the variation in the

proficiency. The positive correlations between the NAD-learning performance and the

nonword repetition tests were more significant than that of the digit span test. It was

possibly due to the contribution of the phonological representation of familiar words (i.e.,

digits in this study) in long term memory to rebuild the faded phonological strings in STM as

suggested by Hulme, Roodenrys, Brown, and Mercer (1995). Repetition of unfamiliar

words (i.e., nonwords in this study) could not benefit from this.  Also, the stimuli in the

NAD-learning task were unfamiliar to the participants. Thus, scores in nonword repetition
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tests could more reliably represent the phonological STM performance of the participants

during the NAD-learning task.

The results of our study were consistent with Frank and Gibson’s (2011) findings that

the performance accuracy on dependency-learning tasks increased when the memory

retention demands were reduced. More importantly, the results of the current study further

extended Frank and Gibson’s findings. When auditory stimuli were presented sequentially,

the results of the current study suggest that people having higher phonological STM capacity

performed better in the NAD-learning task.

Frank and Gibson’s (2011) concluded that decreasing memory retention demands caused

the participants to learn the dependencies successfully and hence that the dependency

learning mechanism was dependent to memory resources. They referred memory retention

as retaining the stimulus materials for long enough time, allowing learning to occur. The

duration of retention might vary from the time of a single string to several strings.

According to the multicomponent working memory model proposed by Baddeley and Hitch

(1974, cited in Baddeley, 2010), phonological loop (phonological STM) was responsible for

temporally storing of speech-like information. It contained two sub-components, a short

term store and an articulatory rehearsal process. They assumed that the store had a limited

capacity to store the stimuli as memory traces, which would decay in a few seconds.

However, the memory traces could be refreshed by the articulatory rehearsal process. If the
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number of items to be stored was large, the items might be faded before they were refreshed.

It accounted for the capacity in phonological STM. This limited capacity in phonological

STM would cause breakdown in memory retention which was suggested to be a constraints in

dependency-learning (Frank & Gibson, 2011). Relating back to our study, people having

larger phonological STM capacity could retain the stimuli for longer time, and retain more

number of exemplars, which were important for abstracting the dependency leading to better

performances in the NAD-learning task.

Implication on future research on dependency learning

Based on the relationship between phonological STM and NAD-learning, we suggested

that future studies in this area should control the phonological STM parameter. Researchers

should eliminate the individual differences in phonological STM when they would like to

compare the performance of dependency learning task among individuals. It is to ensure

that the ability (success of failure) of the participants to learn the dependencies is due to the

manipulated or targeted parameter rather than the memory constraints of the participants

themselves.

Implication on language acquisition

Dependency learning ability was important in grammar acquisition in both inflectional

and non-inflectional language. Results of this study may suggest that people having lower

phonological STM capacity would also have poor performance in syntax acquisition. It may
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suggest that they could retain the continuous speech stimuli for a shorter time, and could

retain less number of language models. This limitation could impede the abstraction of the

dependencies between the linguistic elements to occur. It was consistent with Adams and

Gathercole’s study (2000) that children with better non-word repetition skills produced

speech with a wider range of syntactic constructions than children with relatively poor

non-word repetition skills.  Further studies on individuals having language impairment were

required.

Regarding to the possible effects of phonological STM on grammar acquisition, children

having difficulties in learning grammar might benefit from increasing the phonological STM

capacity or reducing the demand. There are some clinical implications based on the

multicomponent working memory model Baddeley and Hitch (1974, cited in Baddeley, 2010).

As a strategy to increase memory capacity, in language training, we can ask the children to

repeat the heard sentences containing the targeted syntactic structures. \Vocal articulatory

rehearsal could help refreshing the word strings before they fade out of the STM store. As

for reducing the memory demand, in language training, we can produce language models

containing the targeted syntactic structure to the children as short as possible to reduce the

memory retention demands. As suggested by the word-length effect that the ability for

retaining the whole phrase decreases if the length of the phrase increases. To assist daily

communication, it is more preferable to use simpler linguistic structures and more familiar
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words for children’s better comprehension.

Shortcoming of this study and suggestion on further studies

Andrade and Baddeley (2011) investigated the effect of phonological STM on grammar

learning through manipulating the articulatory rehearsal processes. Their study involved a

learning task of auditory artificial grammar formed from a vocabulary of spoken Mandarin

syllables. They found that repeating the training strings while listening improved grammar

learning while this effect was absent when the participants had learnt the component syllables.

Their findings suggested that phonological STM contributed to artificial grammar learning

through effects on learning novel vocabulary. However, the relationship between the

phonological STM capacity and the pseudosyllables acquisition was not tested in our study.

Further studies were required to clarify the relations between phonological STM, vocabulary

acquisition and dependency-learning.

Due to the limitation of time, this study only investigated the relationship between

phonological STM capacity and NAD-learning.  Further studies could investigate the

relationship between phonological STM capacity and adjacent or higher order

dependency-learning. Then we could know whether phonological STM capacity is related

to all kinds of dependency-learning or not.  Also we could compare the effect of

phonological STM on different kinds of dependency learning. This might also give insight
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to the contribution of phonological STM capacity towards acquisition of different types of
grammar.

The training phase of the dependency learning task in our study was longer than that in
Gomez’s (2002) study. It was possibly because the duration of each syllable constructing
the training strings in our study was longer than that in Gémez’s study. Further studies
should try to shorten the duration of the training phase and test whether the learning effect

would remain.
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Conclusion

The results of the current study demonstrated that the participants were able to learn the
dependencies in the non-adjacent dependency-learning task. A significant positive
correlation between the performance of the dependency-learning task and the phonological
short-term memory capacity was found. It suggested that people having larger phonological
short-term memory capacity could retain the stimuli for longer time, and retain more number
for exemplars, which allow the abstraction of the dependencies to occur. It implied that
individual differences in phonological short-term memory might lead to performance
differences in dependency learning tasks. Also, it may suggest that the difficulties in
grammar acquisition for language impaired children might be due to the limitation in
retaining the speech stimuli for learning the dependencies between the linguistic elements.

Further studies were required on individuals with language impairment.
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Appendix 1

Training materials for NAD-learning task

Language 1 (L1) was formed from the combination of aXd, bXe and cXf, while language

2 (L2) was formed from the combination of aXe, bXf and cXd with each of the 24 X elements.

The elements a, b, c, d, e, fand X; to X,4 were as follow.

A X B
a | phep? X, [ tit ts"att Xz | Wit fon* d | tsu®
b | fot* Xo | KMt sek? Xu | hy  pen® e | thun?
c | tek? Xs | py! skt Xis | het  fem® f | wyn*

X4 | pet  nitt X | It kan?

Xs | fit  nep' X7 | ly'1 pm?

Xe | pit  tsep! Xig | wet  tim?

X7 | ku*  p'on? Xy | fe* tsot!

Xg | ki*  tsen? X0 | pa*  lipt

Xo | ke*  sam? Xo1 | me*  sit!

X0 | K'u*  mon® X | tha*  phutt

Xu | jo*  sap® X3 | tsi*  lak?

X [su* lem* Xos | fi*  mek!
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Appendix 2
Testing materials for NAD-learning task

Testing strings were formed from the combination of aXd, bXe and cXf, with their
counter pair of aXe, bXf and cXd accordingly in each trial.  Testing strings were divided into
two types namely trained string, in which the X elements used for combination were chosen
from the training materials, and generalized string in which the X elements used for
combination were untrained (generalized) items. The elements a, b, c, d, e, f, and the

trained and untrained (Xq1-Xg4) X elements were as follow.

A X B

a | phep? X | Kt sekt d | tsu®
b | fot* X1z | su’ lem* e | t"un’
c| tek! Xu7 | Iyt tsin® f | wyn*

Xor | me* it
Xg |py"  mep’
Xg2 | ket pyn’
Xg3 | Mee kem

Xga | lu sip
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Appendix 3
Test items for Digit Span Forward Test

Item  Triall Trial 2
1 9-7 6-3
2 5-8-2 6-9-4
3 7-2-8-6 6-4-3-9
4 4-2-7-3-1 7-5-8-3-6
5 3-9-2-4-8-7 6-1-9-4-7-3
6 4-1-7-9-3-8-6 6-9-1-7-4-2-8
7 3-8-2-9-6-1-7-4 5-8-1-3-2-6-4-7
8 2-7-5-8-6-3-1-9-4 7-1-3-9-4-2-5-6-8
9 2-7-8-3-9-4-1-5-0-6 4-3-7-0-8-6-9-1-2-5
10 4-8-6-1-9-3-0-7-5-2-8 6-5-8-1-2-0-4-7-9-3-4
11 2-4-7-6-9-0-2-5-1-7-8-3 4-2-6-8-1-9-8-5-7-1-3-0
12 1-6-7-1-3-8-5-3-9-6-4-0-2 2-9-7-4-8-3-0-1-7-5-6-3-8

13

5-8-7-9-3-5-2-8-1-9-0-4-6-1

2-8-4-1-3-7-8-5-6-9-4-6-0-2
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Test items for Nonword Repetition Test with Pseudomorphemes

Item Trial
Practice mun® i
hop? 2 tsik’ B[]
1 ton' =
nyn® #if
2 kin'EL  set’ift
Kei*zz  pau'fu
3 ley5#  tgtnT  phaiiR
jem?gr  sim*iE  mek’ g
4 K"eit#  hiviBE P lyn*l
pslj2 (5 khmj3 B wan®iE lon® BH
5 puitfz  tsen’iE  wot’iE  tinHi  mop®Z
tsap® ¥ heen® & K'et” 1 tiu® = men* 55
6 sok’E  min®gh hei*ZE  jutll Key'lE  tshHilE
man‘&  k'auls  tan®fH s hoitBd KYMK &
7 weit4s kK phin’BR hey’®F  jun®E wi°ft  sen'i
tok® % wun® tan’#k  sei’sC  ham®mg  pen*4E  muit &
8 Im°%E mou*  feitfE  syt®ip  jin®El  K'utfiE Pk tsau’dk
han' 18 tip®HE wai®iE  tey’¥  kon’#E  tshet’Ht  jiu'##  lou’E
9 pivE  tk'my  jyn’dr tinME koulsd fun’Er sey'TE let i tsiptfE
plok’ {F  sei*tH  tsey’UH  pun'#  kwolis phun®¥] mei*#  nai’®y mag's
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Test items for Nonword Repetition Test with Pseudosyllables

32

Item  Triall Trial 2
Practice teu’ p"ui? K"yn*
1 ph()ljl kwet®
2 mai’ hit’ hek’ tei®
3 p"in° tyn® lei® kwan? t'yt” fei*
4 jai* soi? mit® hyn* peu® fon® hep? let®
5 sip° let” pik? Ioi® fun® koi® pem? tam* mut” ts"ik®
6 piu® t"on® wut® hei* kw"ai* mau? sen® teek” kem? p"oi® K"ok® tit”
7 K"ei* jon! tyt® pui? hon® seek® wik’ ten? ts"ek’ kun* pat! met® t"im°® pei®



