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 Despite substantial attention on the effects of word-length on short-term 

memory of numbers, it still remains unclear what accounts for differences in number 

memory, for example whether it is phonological efficiency of number words, 

individual differences in working memory, or even Asians’ larger exposure to 

numerals is in need of investigation. As such, the present study looked for specific 

differences in number memory between speakers of Korean, Japanese, and English 

and evaluate based on measures of working memory capacity. The goals of the 

study were to investigate the effects of syllable-length on a digit span task and 

mental calculation by comparing performance from Korean and Japanese bilinguals, 

and explore the underlying mechanism of number processing among bilinguals by 

examining the differences in performance between first languages and second 

languages. Forward and backward digit span tasks were used to measure short-term 

memory of number sequences and operation task estimated the working memory 

capacity of the participants. As Korean counting words have shorter syllable-length, 

it was hypothesized that digit span and mental calculation scores would be larger 

among Korean participants than Japanese speakers.  
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 The results revealed that the total number of digit sequences correctly 

recalled were greater among Korean-English speakers than Japanese-English 

speakers and English monolinguals, when the first language was used. During the 

second language trials, Korean speakers outperformed Japanese speakers only in 

backward digit span task. The results of digit span between two groups showed that 

the type of language used in the task was influential during first language processing, 

while it was the variation in working memory capacity that made the difference 

between groups in the second language task. This pattern supports the effects of 

syllable-length and is consistent with the prior observations that working memory 

should be highly correlated with digit span task, because it is one of the most 

common techniques to quantify one’s working memory capability when there is no 

interference such as language.  
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 CHAPTER 1 
INTRODUCTION 

 
Background  

 
Attempts to investigate the mental representation and processing of numerals 

have been made extensively on both theoretical and empirical grounds; however, the 

question of how to conceptualize the cognitive architecture of number processing 

and mental representation is still the source of much debate. Proposed by 

McCloskey et al. (1992), the Abstract-Code Model assumes that the architecture of 

number processing is interrelated with various components of number 

comprehension, calculation, and production. According to the model, all numerical 

inputs such as non-verbal digits or verbal number words are converted into the 

abstract representation. Then, it is the abstract code that is involved in numerical 

tasks (e.g., calculation process, numerical comparison, naming numbers). The 

hypothesis of abstract format representation leads to claim an independency of 

surface formats of inputs (e.g., Arabic numerals, written or verbal number words) and 

comprehension and calculation process. For example, in case of presentation of a 

multiplication problem, there is no effect of input format in mental computation 

whether it is presented as Arabic format (e.g., 2 X 4) or as verbal form (e.g., “two 

times four”) (Koechlin et al., 1999). On the other hand, expanded from the Encoding 

Complex Model by Campbell and Clark (1988), which rejects a central abstract 

representation and supports an interactive network of various representations such 

as phonological, articulatory, visual, and graphemic codes, Dehaene (1992) outlined 

the Triple-code Model. This model assumes that numeric mental processes are 

based on three representational codes such as auditory-verbal word frame (e.g., 

/six/), visual-Arabic number form, and an analog magnitude representation. The 

auditory-verbal word codes are assumed to support written or spoken number words, 
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and may contribute to addition and multiplication processes. The speculation 

supports “a linguistic hypothesis of arithmetic whereby number fact memory is 

mediated primarily by language-based representations” (Campbell & Epp, 2004). 

The controversy has derived partly from notation-specific representations such as 

non-verbal numerals (e.g., Arabic number forms: 1,2,3) and verbal number forms 

(e.g., “one”, “two”, “three”…) since they are clearly needed to comprehend and 

produce spoken numerals and written numerals (Campbell, 1994; Koechlin et al., 

1999) and yet are themselves different representations. Then, a question arises as 

to how Arabic numerals and counting words are mentally represented during the 

processing of numbers and whether there is any variation in representation between 

different language speakers.  Assuming cross-linguistic universality of Arabic 

numerals, investigation of the relationship between linguistic features of number 

words and numerical cognition might provide meaningful insights to understand 

encoding-specificity in number processing. Thus, several studies have sought to 

characterize a role of language in numerical cognition such as short-term memory of 

numbers or mental arithmetic.  

Although Miller’s (1956) classic proposal that human memory capacity is 

limited to “the magical number seven, plus or minus two” has been one of the most 

cited and influential works in memory and cognition, whether memory capability is 

actually uniform in holding numbers across languages is unclear.  In particular, many 

researchers have demonstrated how linguistic properties of digit names, such as 

word-length or phonological similarity, limit short-term memory of number sequences. 

This effect of articulatory duration and phonological similarity is explained within the 

framework of Baddeley’s working memory theory (1974), which will be thoroughly 

discussed in the following section.  
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The current study explores how and to what extent specific language features 

such as syllable length contribute to processing of short-term memory of number 

sequences and mental calculations.  These features vary from language to language, 

and in particular between English, Korean and Japanese. In addition, while Arabic 

numerals are used by speakers of all three languages, Korean and Japanese have 

distinctive digit names with different syllable-lengths to compare. Despite substantial 

attention on the effects of word-length on short-term memory of numbers, which 

accounts for differences in number memory whether it is phonological efficiency of 

number words, individual difference in working memory, or even Asians’ larger 

exposure to numerals is still ambiguous. The effects of language alone may not be 

able to explain the performance in numerical cognition, in particular variation in 

working memory capacity and/or better mathematics performance of Asian language 

speakers were assumed to be potential contributors in memory for number 

sequences that should be controlled for.  As such, this study will look for specific 

differences in number memory between speakers of Korean, Japanese, and English 

and evaluate based on measures of working memory capacity.  

Working Memory and Phonological Loop Model 
 

Working memory is a limited capacity ability to temporarily maintain and 

process the information involved in an ongoing task (Otten & Van Berkum, 2009). 

The concept of working memory was first introduced by Miller, Galanter, and Pribram 

in 1960 and was referred to the memory used to plan and execute behaviors (Cowan, 

2008).  Expanded from Miller et al., Baddeley and Hitch (1974) proposed an 

influential framework of the working memory system known as the three-component 

model of working memory; the phonological loop, the visuospatial sketchpad and the 

central executives, emphasizing the contribution of interdependent multiple modules 



15 

in the storage system. A fourth component was added later by Baddeley (2000); the 

episodic buffer which is responsible for integrating information from different sources 

and long-term memory into an episodic representation. Based on the sounds or 

phonological information of language, the phonological loop compromises two 

subsidiary systems; a phonological store that holds temporary memory traces for a 

few seconds, and an articulatory rehearsal process that allows phonological codes to 

be revived. That is, visual information will be transformed into phonological codes 

through vocalizing them covertly or overtly, and hence phonological storage 

becomes crucial in retention of the visual information. This also implies that if the 

number of items to be retrieved increases, items that are subvocalized first are 

decayed before they rehearsed. The phonological loop model is supported by a wide 

range of empirical evidence (e.g., Baddeley et al., 1975; Schweickert & Boruff, 1986; 

Longoni et al., 1993; Baddeley, 1966a, 1968; Conrad & Hull, 1964; Schweickert et al., 

1990). The first important factor that influences the immediate memory trace is the 

effect of phonological similarity; lists of phonologically similar words such as pea, 

bee, key, fee, are remembered less well than words that are pronounced dissimilar 

such as man, sky, old, fix. (e.g., Conrad, 1964; Baddeley, 2003). This fact supports 

the primary construct of the phonological loop model that visual information is 

represented and encoded phonologically rather than visually or semantically in the 

working memory storage system. The same study also examined the significance of 

semantic similarity in the immediate recall; however, similarity of meaning was found 

less important than phonological similarity in short-term memory (Baddeley, 1966a). 

The effect of semantic similarity becomes more evident in the long-term memory 

system in which the influence of phonological similarity is no longer valid (Baddeley, 

1966b).  
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The word-length effect also explains the articulatory rehearsal process that 

immediate serial recall is better when articulatory duration is shorter. That is, 

limitation of rehearsing time of longer words results in more decay of items than 

shorter words. Baddeley et al. (1975) investigated the effect of word-length and 

found a strong correlation between performance of cognitive task and word-length 

across a wide range of materials. Baddeley et al. focused on the memory span task 

as a measure of cognitive processing and the results showed that as the duration to 

pronounce the item increased, serial recall performance decreased. Many studies 

also confirmed that articulatory duration of words determined memory span across 

languages. For example, Neveh-Benjamin and Ayres (1986) studied the relationship 

between articulatory rate and immediate memory span among four language groups: 

English, Spanish, Hebrew, and Arabic. The results found a larger memory span for 

speakers of languages where reading rate was faster. A comparison of Chinese and 

English (Hoosain, 1982; Stigler et al., 1986) also supported the prediction that 

differences in digit span memory between speakers of two languages are attributed 

to differences in time to pronounce number words. Further, Chincotta and 

Underwood (1997) tested native speakers of six languages Chinese, English, 

Finnish, Greek, Spanish, and Swedish. The digit span was recorded and the results 

confirmed superior digit span in Chinese as a function of shorter pronunciation 

duration of Chinese.  

Numerical Cognition in Bilinguals 
 

So far, we have discussed cross-linguistic variations in memory of numbers 

depending on the time to articulate items for monolinguals. Studies in bilinguals also 

support a causal relationship between speech rate and digit span: digit span was 

larger when participants were instructed to answer in the language in which 
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articulation duration for digit names were shorter (Chincotta & Hoosain, 1995; 

Chincotta & Underwood, 1996; Ellis & Hennelly, 1980).  

Although the word-length effects are reported in several bilingual studies, da 

Costa Pinto (1991) observed the superiority of first language in digit span even in 

cases of faster reading rates in second languages. These findings suggested that 

massive practice in the native language to allow reducing speech duration and more 

likely to remember larger digits. The results assumed a role of proficiency, level of 

familiarity, and degree of dominancy of first or second language in performance of 

digit span. Moreover, Chincotta, et al. (1997) demonstrated that not only shorter digit 

names but also larger storage capacity in the first language and competence level of 

the language also contribute to performance in digit span.   

Studies in mental arithmetic also revealed effects of word-length. For example 

several researchers have reported a strong first language preference when bilinguals 

are exposed to two languages simultaneously in performing mental calculation 

(Kolers, 1968; Vaid & Menon, 2000). However, other studies have claimed that 

language preference is observed when digit names of one language are shorter than 

the other language (Ellis, 1992; Ellis & Hennelly, 1980). For example, Ellis (1992) 

examined balanced bilinguals of Welsh and English and found a lower error rate and 

shorter reaction time in mental calculation when tested in the language with shorter 

number names.   

Although the influence of word-length in memory capacity has been 

extensively demonstrated in studies with both monolinguals and bilinguals, most 

studies have used the terms syllable-length, word-length, reading rate, speech rate, 

and articulatory duration interchangeably in the same context. Further, measures of 

articulatory duration still leave the possibility of individual variation and inadequate 
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estimates of speech rates between two languages. For instance, in studies by 

Hoosain (1982) and Ellis & Hennelly (1980) which measured speech rates of English 

counting words, the numbers did not match between the two studies (375 vs. 321 

sec per monosyllabic words). Also, Neveh-Benjamin & Ayres (1986) as well as 

Hoosain (1982) overlooked the significance of quantitative information of word-length 

and did not provide them in the study.  

Despite the meaningful conclusions provided by previous studies, these 

cross-linguistic analyses have compared languages that were rather culturally, 

pedagogically, and typologically distant. In addition, previous experimental work has 

claimed mathematical competence of Asian students and investigated what causes 

the phenomenon. Some researchers discussed that cultural expectations and 

emphases (Hess et al., 1986; Stevenson et al., 1986) are known to be related to 

differences in mathematical ability. Despite the advantages of Asian students, 

previous research focused on performance of numerical tasks between Asians and 

groups of participants who are non-Asians. In order to address the potential 

limitations from previous studies, the present study deliberately chose Japanese and 

Korean speakers, which share marginal cultural and pedagogical differences in 

mathematics (Clarke, 2003), while maintaining distinctive phonological features to 

compare. 

Digit Words in Korean and Japanese  
 

 There are two reading systems in Korean numerals: Native Korean and Sino-

Korean. Based on Chinese characters (一, 二, 三), the Sino-Korean reading system 

is preferred when communicating sequences of numbers and calculations. The Sino-

Korean numerals consist of monosyllabic words, such as il (1), i (2), sam (3), sa (4), 

o (5), yuk (6), chil (7), pal (8), gu (9).  
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The Japanese numeral system also has two readings; Sino-Japanese derived 

from Chinese numerals and Native Japanese. Similar to the Korean system, verbal 

number reading in Japanese is based on Sino-Japanese numerals. Although number 

reading in both languages is based on the same Chinese characters, the readings 

sound relatively different. Unlike Korean digit names, Japanese number words 

include several disyllabic words such as ichi (1), roku (6), nana (7), hachi (8). Since 

the native systems in both languages are generally used for ordinal numbers (i.e., 

first, second, third, etc.), The Sino reading system that is favored in reading Arabic 

numerals is the one that we will explore in the study.  

Overview of the Current Study 

As noted previously, studies comparing two language groups focused on 

languages that are culturally and pedagogically different, and many researchers 

inadequately measured word-length. Thus, in the present study, comparisons were 

strictly made within the boundary of syllable-length between Japanese and Korean, 

maintaining consistency throughout the analysis. Further, little effort has been made 

to consider individual variation in working memory capacity. Therefore, the current 

study implemented an operation task as a measure of working memory capacity and 

examined whether numerical cognition performance is attributed to differences in 

working memory capacity, rather than the articulatory efficiency of digit names.  

The current study had several guiding research questions: 

Research Question 1: How do the surface features of counting words 

facilitate or inhibit memory and retention of number sequences?  

 Controlling for cultural and pedagogical differences in numbers 

between two language groups (e.g., Korean and Japanese), does the 

comparison show differences in performance where vocal articulation 
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of counting words is involved, such as on a digit span task or mental 

arithmetic?  

 More specifically, as Korean digit words take less time to articulate 

than those of Japanese, will Korean participants outperform Japanese 

participants in numerical cognition tasks? Assuming the significant role 

of syllable-length, are there any other factors that may affect the 

performance?  

Research Question 2: What role do counting words play in access to 

numerical information processing among bilinguals?  

 Do results from the second language condition for bilinguals also 

support effects of syllable-length? Since the same English stimuli are 

tested in Korean and Japanese speakers, does this comparison show 

any significant differences? 

 Is it the first language advantage or efficiency of word-length that 

affects memory of numbers and mental calculation?  

 Does overall performance of bilinguals surpass the results of 

monolinguals due to superior executive functioning of bilinguals? Or, 

are there any first language disadvantages because of possible 

interference of the first language?  

 Does degree of proficiency in the second language play a role in 

numerical cognition tasks? 

To summarize, the goals of the current study were to 1) investigate the effects 

of syllable-length on a digit span task and mental calculation by comparing 

performance from Korean and Japanese speakers, and 2) explore the underlying 
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mechanism of number processing among bilinguals by examining the differences in 

performance between the first language condition and the second language 

condition.  

Based on the literature review, we hypothesized that 1) the number of digits 

recalled accurately would be larger among Korean participants than Japanese 

speakers, 2) performance in mental calculation between two groups also would 

depend on time to articulate the digit names, 3) results in the second language 

condition would support the effects of syllable-length as there would be no difference 

in digit span and mental calculation during the second language condition between 

Korean and Japanese participants.  
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CHAPTER 2 
MATERIALS AND METHODS 

 
Participants 

 
A total of 60 students at the University of Florida (25 English monolinguals, 20 

Korean-English bilinguals, and 15 Japanese-English bilinguals) participated in the 

study.  

Undergraduate English monolingual students participated in the experiment 

for class credit and bilingual students participated voluntarily. Bilingual participants 

were recruited through the researcher’s network, such as cultural groups for 

Japanese and Korean students, the Department of Language, Literatures and 

Cultures and word of mouth. For monolingual participants, the LIN-SLHS participant 

pool was used, along with word of mouth. The average age of participants was 23.47 

years; there was, however, some variability in age among the three groups of 

participants (SD=4.28, range=12).  Table 2-1 summarizes the demographic 

information for each group of participants. 

 

Table 2-1. Means per each group 

  
English  

Monolingual 
Korean  

Bilingual 
Japanese 
Bilingual 

Age 20.72 
(1.99) 

27.65 
(3.88) 

22.47 
(3.23) 

Age of L2 acquisition 

 

10.55 
(3.46) 

11.47 
(1.92) 

Years in US 

 

3.10 
(3.08) 

1.83 
(2.16) 

Self-rated L2 proficiency 

 

5.70 
(1.69) 

6.13 
(1.30) 

* Values inside parentheses are standard deviations. 

 

 

 



23 

For English monolingual speakers, only those who spoke English natively and 

use English in their daily life participated in the study. Bilingual speakers spoke 

Korean or Japanese as their first language (L1), and were first exposed to English as 

their second language (L2) no earlier than 7 year of age and completed at least 

middle school in their home countries. Among the bilingual participants, 5 were 

currently enrolled in the English Language Institute at the University of Florida and 9 

were exchange students from Kansai Gaidai University in Japan. 

Both English native speakers and bilinguals speakers filled out a 

questionnaire, which collected demographic information such as age, gender, and 

race. Bilingual speakers were provided with more questions in which they identified 

their language background information, such as age of first exposure to English, 

number of years staying in the English-speaking country, official English test scores 

such as TOEFL, GRE, or SPEAK (if they had any), and self-rated proficiency of 

English. Self-rated L2 proficiency data including reading, writing, speaking, and 

listening with a scale from 0 for no knowledge to 10 for native-like fluency were 

collected. None of the participants reported any abnormalities on memory 

examinations.  

The language background data showed that there was no significant 

difference between Japanese and Korean bilinguals in those four dimensions 

determining their overall proficiency and familiarity in their L2.  

Design 

Instructions were presented in English for both monolingual and bilingual 

participants. Monolingual speakers were tested in English only and bilingual 

participants were given the tasks in both English and their L1. That is, after 

completing the tasks in English, bilingual participants were asked to perform the 
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same tasks in their L1 additionally with the different sets of stimuli. All stimuli were 

presented in black writing on a white background.  

Procedure and Materials 

All the experiments were individually conducted in a quiet testing room and 

administered by the researcher. The researcher noted the participant’s verbal 

response on a worksheet.  

When the participant arrived to the site of the experiment, the researcher 

verbally explained the purpose of the study as well as what the participant was 

expected to be doing during the course of the experiment. The participants were 

then given the consent form and asked to read it carefully. Once any questions were 

answered, the participants were asked to sign the form, and the experimenter 

counter signed. 

The experiment started with instructions displayed on a laptop computer 

running PsyScope X, then followed by a forward digit span task, a backward digit 

span task, and an operation task. For the bilingual participants, the same three tasks 

were presented in their L1 in addition to the tasks in the L2.  

Forward Digit Span Task 

In the forward digit span task, participants were first presented with the 

number sequences visually while being asked to read the numbers aloud in the order 

presented. Number sequences from three- to ten-digits were used in digit forward 

trials with two trials per each sequence length and presentation of number 

sequences on a screen was automatically manipulated at a rate of one digit per 

second. Numbers were selected randomly with several constraints in constructing 

the lists: no same digit was repeated successively (e.g., 8-8) and no meaningful 
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numbers were used (e.g., 1-9-8-4). One point was awarded for each list recalled in 

the correct position.  

In addition, digit sequences were manipulated for five, six and seven digits. 

Numbers were selected randomly but based on the number of syllables in Japanese 

counting words. Due to the aforementioned fact that all Korean number words are 

monosyllabic, the syllable structure of Korean number words was not a part of 

consideration in this manipulation. One set of each length mostly consisted of 

numbers with monosyllabic words in Japanese, constructing numbers with as few 

syllable as possible. On the other sets, numbers consisted of disyllabic words and 

few monosyllabic words, designing the numbers to contain as many syllable as 

possible. For instance, on five-digit sets, a first list would be 3(san)-9(kyu)-2(ni)-

5(ko)-4(yon) and second list would be 6(roku)-1(ichi)-7(nana)-2(ni)-8(hachi). 

Although both number strings contained the same number of digits, the number of 

syllables differed from 5 (first list) to 9 (second list). In this way, an increase of digits 

does not necessarily mean increase of syllable-length. In other words, the number of 

syllables for the second list of five-digit was 9, but the number of syllables for the first 

list of six-digit can be 7. The construction became more evident to estimate 

quantitative aspects of variables by maximizing effects of syllable-length; however, 

longer strings such as eight-, nine- and ten-digits were not manipulated, because it 

cannot be done without using the same numbers repeatedly in the sequence.  

To minimize developing strategies for the task by participants, photographs 

were inserted between each list of numbers and displayed for ten seconds. 

Photographs were downloaded from the National Geographic website and portrayed 

landscape or wildlife. Picture quality of the photographs used in this study was 1280 

x 1024 pixels.  
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After presentation of the pictures, the participant was instructed to recall the 

numbers orally in the order presented. There was no time limit required during the 

recall. If participants failed to recall the digits in the correct order, they proceeded to 

the next digit sequence.  

Backward Digit Span Task 

Once participants had finished recalling 16 sequences of numbers in the order, 

they proceeded to the backward digit span task in which participants were asked to 

read aloud the numbers in the order presented, and then recall them in the reverse 

order. Number sequences from three- to nine-digits for digit backward with two trials 

per each sequence length.  

See Appendix A for complete list of digit span stimuli in the first language trial 

and Appendix B for complete list of the English trial.  

Operation Task 

Next, the operation span task designed by Turner and Engle (1989) was used 

to measure participants’ working memory capacity. In this task, participants were 

required to solve a series of mathematical operations while trying to recall words at 

the same time. Participants were first asked to read aloud the math problems and 

decide whether the answer was true or false by pressing the designated keys in the 

keyboard on a computer.  True or false answers and response times were collected. 

On the next screen, a word appeared for three seconds and participants were asked 

to read the word aloud. The next math problem and word pair was presented 

immediately. Given the arrangement of 12 trials with set sizes ranging from 2 to 5, 

participants were asked to recall the words only in the same order presented after 

each trial. There was no time limit during the recall. The entire testing session for 
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English monolingual speakers took approximately 20-25 minutes, while bilingual 

participants spent 40-50 minutes on average to complete the experiment.  

Operation stimuli 

A total of 42 math operations consisting of two arithmetic operations such as 

[(4x2)-1]= 7 or [(9/3)+2]= 6. Bilingual trials consisted of an additional 42 math 

operations that were created in the same degree of difficulty. 

Word stimuli 

 A total of 42 English words used for monolingual trials and L2 trials for 

bilingual speakers. An additional 42 Japanese words were used for Japanese 

speakers and the same number of Korean words used for Korean speakers in their 

L1 trial. L1 word stimuli were translate-equivalent in both languages. Although the 

present study investigated the effect of syllable-length, length of word stimuli by each 

language was not considered in designing the stimuli, but semantic consistency 

between languages was established. Since previous studies such as Baddeley 

(1966a) suggested semantic similarity affects the long-term memory and operation 

tasks involve relatively longer memory traces, semantic cues in word span should be 

consistent between Korean and Japanese trials. However, it is also important to note 

that there are three types of orthography in Japanese; Kanji, Hiragana, and 

Katakana. Thus, statistical differences in recalling words depending on different 

types of characters used were examined during the pilot study before the experiment; 

however, the results showed that there was no effect of script type in the recall of 

words. Thus, the word lists were created with mixed use of scripts for Japanese, 

based on frequency and acceptability judgment by native speakers of Japanese.  

The entire list of words to be recalled was selected from a Familiarity Rating 

on MRC Psycholinguistics Database. The Familiarity Rating values in this database 
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lie in the range of 100 to 700, and the word stimuli used in this study were in the 

range of 600 to 700. A lexical category of all three-language sets of words was 

concrete nouns. One point was awarded for each word recalled correctly regardless 

of the position within the list.  

 See Appendix C for complete list of the English stimuli and Appendix D for the 

first language stimuli.   
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CHAPTER 3 
RESULTS 

 
First, the descriptive statistics of mean number of digits recalled in the correct 

order, mean percent correct in word span and mental calculation of operation task, 

and mean reaction time in mental calculation for each group in the first language and 

the second language conditions are presented. Next, a one-way ANOVA evaluates 

in the first language condition whether numerical cognition performance between 

three language groups is significantly different. Then, a two-tailed t-test is carried out 

to examine significant difference in performance between Japanese-English 

bilinguals and Korean-English bilinguals in the second language condition. Finally, a 

correlation analysis is conducted to measure the strength of linear association 

between variables such as types of tasks, working memory capacity, L2 proficiency, 

or demographic information.  

Descriptive Statistics 

The total number of correct recall in digit span, a percentage of accurate 

answers from the operation task, and reaction times of mental calculations are given 

in Table 3-1. In general, Korean-English bilingual outperformed the Japanese 

speakers on the forward digit span, backward digit span, and word recall tasks when 

the first language was used. Korean-English bilingual also showed better 

performance than English monolingual on backward digit span when they were 

tested in English. Although English is not their native language, digit memory in the 

reverse order can be superior in the monolingual group whose first language is 

English. Moreover, the mean percent correct on word recall on the operation task 

also demonstrated memory superiority of Korean-English bilinguals. This might 

suggest that the variation source of digit span is not attributed to the syllable 
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efficiency of Korean digit names; rather the advanced capacity of their working 

memory plays a role in memory of numbers. Thus, the question of whether it is an 

advantage in working memory capacity or the effect of syllable-length is examined 

through a correlation analysis in the next section.  

 

Table 3-1. Descriptive data for variables of interest (mean data) 

* Values inside parentheses are standard deviations. 

** Since tasks were conducted in multiple languages, total means of the first language 
condition (where Korean and Japanese were used for bilinguals and English for 
monolinguals) as well as the second language condition in which English was used for two 
bilingual groups is reported.  

 
  

 

  
Korean-English 

Bilingual 
(n=20) 

Japanese-English 
Bilingual 
(n=15) 

English  
Monolingual 

(n=25) 

Total Means 
(n=60) 

 
English Korean English 

Japan
ese 

English L1 L2 

Forward  
Digit Span 

9.25 
(2.59) 

14.80 
(1.40) 

7.73 
(2.19) 

12.00 
(1.89) 

11.12 
(1.81) 

12.57 
(2.34) 

8.60 
(2.51) 

Backward 
 Digit Span 

8.25 
(2.63) 

10.75 
(2.31) 

6.20 
(2.27) 

8.60 
(2.69) 

8.12 
(1.72) 

9.12 
(2.46) 

7.37 
(2.66) 

     
     

Operation Task- Mean Percent Correct (%) 
  

 

Mental 
Calculation 

93.69 
(4.25) 

91.55 
(4.40) 

95.40 
(3.18) 

91.75 
(6.03) 

91.24 
(7.80) 

91.47 
(6.30) 

94.42 
(3.87) 

Word 
Recall 

69.52 
(9.70) 

83.45 
(9.76) 

63.02 
(7.68) 

76.51 
(8.48) 

78.19 
(9.37) 

79.52 
(9.58) 

66.73 
(9.36) 

     
Mean RT (ms)  

   

Mental 
Calculation 

7504.735 
(1419.380) 

6317.031 
(1781.715) 

7836.294 
(1409.108) 

6106.044 
(1155.117) 

6924.327 
(2560.602) 

6517.324 
(2032.937) 

7646.831 
(1403.971) 
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Analysis of group means 

The performance on digit span and operation tasks was computed with an 

analysis of variance (ANOVA). A one-way ANOVA was conducted to compare the 

effect of language on numerical cognition tasks in three language groups: Japanese-

English bilinguals, Korean-English bilinguals, and English monolinguals.  A one-way 

ANOVA between subjects on the forward digit span, backward digit span, word recall, 

mental calculation, and reaction times in answering mental calculations in the first 

language condition is presented. In this analysis, Japanese and Korean data from 

bilinguals and English data from monolingual speakers were considered. First, as 

anticipated, the groups differed in forward digit span [F(2,57)=26.96, p<.0001]. 

Results from the backward digit span in the first language condition also showed a 

significant difference between the three groups [F(2,57)=8.55, p<.001]; however, 

groups did not differ significantly in word recall, mental calculation, or reaction times. 

Table 3-2 shows the analysis of variance for mean number of correct digit, mean 

percent correct, and mean reaction time. Tukey’s HSD post-hoc tests indicated 

pairwise comparisons and revealed which group contributed to the difference. In the 

forward digit span task, the significant differences were found between Japanese-

English and Korean-English bilinguals (p<.0001), as well as English monolinguals 

and Korean-English bilinguals (p<.0001). Data from the backward digit span also 

revealed differences between Japanese-English bilinguals and Korea-English 

bilinguals (p<.05) and English monolingual and Korean-English bilinguals (p<.01). 

The Japanese-English bilinguals and English monolinguals did not differ significantly 

from each other in both forward digit span and backward digit span. These results 

suggested that Korean-English bilinguals might be the important group in 
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comparisons of numerical cognition between three language groups. The pairwise 

comparison results are shown in Table 3-3.  

 

Table 3-2. Analysis of variance in the first language condition 

Effect Mean Square F p 

Forward Digit Span 78.447 26.962 <.001 

Backward Digit Span 41.097 8.550 <.001 

 OP_Word Recall .024 2.835 .067 

OP_Mental Calculation .000 .032 .969 

OP_RT 3740439.954 .902 .411 

* OP=Operation Task , RT= Reaction Time 

 
 

 

Table 3-3. Pairwise comparisons 

 

(I) 

Language 

group 

(J) 

Language 

group 

Mean 

Difference 

(I-J) Std. Error p 

95% Confidence Interval 

Lower 

Bound 

Upper 

Bound 

Forward  

Digit Span 

 

 

Japanese Korean -2.800
*
 .583 .000 -4.20 -1.40 

Korean English 3.680
*
 .512 .000 2.45 4.91 

English Japanese -.880 .557 .263 -2.22 .46 

Backward 

Digit Span 

Japanese Korean -2.150* .749 .016 -3.95 -.35 

Korean English 2.630* .658 .001 1.05 4.21 

English Japanese -.480 .716 .782 -2.20 1.24 

* The mean difference is significant at the 0.05 level. 
 
 

The data from the second language condition were submitted to a two-tailed t-

test, examining whether there is a significant difference in numerical cognition 

performance between Korean-English bilingual and Japanese-English bilingual. 

Since English monolingual participants were only tested in their first language, 

second language results from bilingual speakers were only subjected to analysis. As 
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shown in Table 3-4, significant differences among the language groups were found 

on backward digit span, t(33)= 2.41, p<.05, and on word recall, t(33)=2.14, p<.05. 

There was no difference between bilingual language groups on forward digit span, 

mental calculation, or reaction time.    

 
 
Table 3-4. Digit span and WMC measures from bilingual speakers 

 

t df 

Sig. (2-

tailed) 

Mean 

Difference 

Std. Error 

Difference 

95% Confidence 

Interval of the 

Difference 

 
Lower Upper 

Forward Digit Span -1.828 33 .077 -1.517 .830 -3.205 .171 

Backward Digit Span -2.413 33 .022 -2.050 .850 -3.778 -.322 

OP_Word Recall -2.141 33 .040 -.065 .030 -.127 -.003 

OP_Mental Calculation 1.304 33 .201 .017 .0134 -.010 .044 

OP_RT .686 33 .498 331.558 483.326 -651.775 1314.892 

* OP=Operation Task, RT=Reaction Time 

 
 

In addition, overall results in comparisons of monolinguals and bilinguals were 

examined. Two-tailed t-tests were computed between monolingual and bilingual 

group which combined data from Korean and Japanese speakers. In both forward 

backward digit span tasks, the bilingual group’s span was significantly higher than 

the monolingual group, t(33)= 5.07, p<.001 and t(33)= 2.89, p<.01, respectively.  

Despite the efforts to more thoroughly inspect the effects of syllable-length by 

implementing trials comparing Japanese long and short sets of stimuli, the results 

indicated no robust evidence of the effects that the present study was interested in.  
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Correlational Analysis 

The correlational analysis was conducted to understand the relationship 

between multiple variables that potentially influenced the results. The correlations 

among categorical variables: types of language (Japanese and Korean), sex (male 

and female), and continuous variables: age, self-rated L2 proficiency, working 

memory capacity, and measures of numerical cognition are presented in Table 3-5. 

The same task in the two language conditions are correlated as shown in forward 

digit span in L1 and L2 (r=.50, p<.01), backward digit span in L1 and L2 (r=.72, 

p<.01), and word recall of operation task  in L1 and L2 (r=.58, p<.01). As predicted 

from the previous analysis of group means, positive correlations between types of 

language and multiple numerical cognition tasks in both first language and second 

language trials were found. Correlations between the forward digit span task in 

Japanese and Korean were significant, r(35) = .66, p<.01 as well as backward digit 

span task between two languages (r=.40, r=.39, p<.05). 

Working memory measures (word recall) in the first language correlated with 

forward digit span in the first language (r=.38, p<.05) and backward digit span in the 

second language (r=.46, p<.01). Working memory measures in the second language 

also correlated with both forward digit span (r=48, p<.01) and backward digit span 

(r=45 , p<.01) in the second language. Overall, these results indicated a significant 

relationship between language and memory of number sequences, but also 

suggested there is a firm correlation between working memory capacity and memory 

of numbers. This finding is not surprising since digit span tasks are one of the most 

commonly and widely used measures to quantify working memory capacity. 

 

 
 



35 

Table 3-5. Correlations among measures 

Significant values are marked in boldface. FD= Forward Digit Span, BD=Backward Digit Span, 

WORD= Word Recall, MATH=Mental Calculation, RT=Reaction Time, L1= First Language, 

L2=Second Language 

*. Correlation is significant at the 0.05 level. **. Correlation is significant at the 0.01 level. 

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

1 Language               

2 Sex .264              

3 Age .590
**
 .259             

Results in L2  

4 FD .303 .296 .231            

5 BD .387
*
 .190 .257 .618

**
           

6 WORD .349
*
 .273 .142 .475

**
 .447

**
          

7 MATH -.221 -.042 -.057 .045 .323 .241         

8 RT -.119 -.257 -.262 -.533
**
 -.354

*
 -.064 .215        

Results in L1            

9 FD .660
**
 .376

*
 .491

**
 .508

**
 .619

**
 .332 -.049 -.278       

10 BD .404
*
 .193 .286 .454

**
 .725

**
 .272 .128 -.346

*
 .752

**
      

11 WORD .358
*
 .487

**
 .203 .321 .459

**
 .584

**
 .184 .022 .382

*
 .276     

12 MATH -.020 .129 .277 .251 .201 .223 .126 -.313 .212 .190 .170    

13 RT .069 -.094 -.099 -.285 -.346
*
 .161 .116 .712

**
 -.287 -.343

*
 .017 -.212   

               

 14 Proficiency -.009 -.132 .125 .193 -.135 .120 -.093 -.157 -.061 -.071 -.232 .233 .025  
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Regression Analysis 

Although the present study revealed a statistically significant difference 

between Korean speakers and Japanese Speakers in L1 digit span, whether 

performance in digit span is entirely due to the efficiency of syllable length in Korean 

is still unclear. Therefore, a regression analysis was conducted in order to see how 

much of the variance could be accounted for by language type and WMC. In this 

analysis, three separate analyses were carried out in both first and second language 

conditions to show digit span results as a function of language, WMC and 

combination of these two variables.  

Digit span performance1 in L1 was reported as a function of language and 

WMC separately. In both analyses, results revealed contributions of both language 

(p. <.001) and WMC (p < .05). However, when the two variables were added 

together, only language was the significant factor (p<.01) that made difference 

between groups. Interestingly, the analysis in L2 showed the opposite pattern of 

results: while both variables again independently appeared to contribute to 

differences in digit span performance, when the two factors are considered together, 

only WMC showed a significant impact (p<.01). These results can be seen in Tables 

3-6 and 3-7.  

 

 

 

 

 
 

1 
Analyses on forward digit span and backward digit span were first conducted separately. Both trials 

showed the same results, hence, we calculated means of forward and backward digit span and used 
it as integrated data for more simplified analysis. 

 
 



37 

Table 3-6. Regression results from L1 digit span of bilinguals 

Predictors Std. Error t value Adjusted R2 Pr(>|t|) 

Step 1     
Language    0.6504 -3.806 0.284 0.000582 *** 

Step 2     
WMC 0.03773 2.110 0.09222 0.0425 * 

Step 3     
Language +WMC   0.288  
WMC  0.03578 1.090  0.28394 
Language    0.69448 -3.174  0.00331 ** 

*. Correlation is significant at the 0.05 level. **. Correlation is significant at the 0.01 level. 
***. Correlation is significant at the 0.001 level. 

 
 
 

Table 3-7. Regression results from L2 digit span of bilinguals 

Predictors Std. Error t value Adjusted R2 Pr(>|t|) 

Step 1     
Language    0.7438 -2.398 0.1225 0.0223 *   

Step 2     
WMC 0.03715    3.424   0.2398 0.00167 ** 

Step 3     
Language +WMC   0.2676  
WMC  0.03892    2.745    0.00984 ** 
Language    0.72522  -1.500   0.14334    

*. Correlation is significant at the 0.05 level. **. Correlation is significant at the 0.01 level. 
***. Correlation is significant at the 0.001 level
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Figure 3-1. L1 digit span performance 
 

 
Figure 2. L2 Digit Span Scatterplot  
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CHAPTER 4 
DISCUSSION 

 
The goal of the study was to evaluate the effect of syllable-length in short-

term memory of number sequences and mental arithmetic between Korean-English, 

Japanese-English bilinguals and English monolinguals. Participants from three 

different language backgrounds completed digit span tasks and an operation task. 

Bilingual speakers were first tested in the second language (English) and then the 

same tasks were repeated in the first language (Korean or Japanese). English 

monolingual participants were only tested in the first language (English). Measures 

of digit span and operation task were used as the dependent variables.   

Research Question 1 

Research Question 1 asked whether Korean participants outperform 

Japanese speakers in digit span and mental arithmetic, based on the observation 

that Korean digit words have a shorter syllable length. As predicted, a total number 

of digit sequences recalled correctly were greater among Korean-English speakers 

than Japanese-English speakers, when the first language was used. The findings 

are supported by previous studies in which larger digit span was observed as a 

function of shorter syllable-length of digit words (Ellis & Hennelly, 1980; Hoosain & 

Salili, 1987; Stigler et al, 1986).  

The examination on whether syllable-length drives differences in mental 

arithmetic revealed that there is no robust interaction between the two variables. Two 

measures in mental calculation such as percent correct on math problems and 

reaction time did not show significant difference with any other variables. It is 

possible that math problem in the operation task was overly simple for the 

participants that it was unable to precisely measure arithmetic ability of the 

participants. Mean data from the mental calculation may support the assumption 
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(M=91.47%, SD=6.30% in L1 and M=94.42%, SD=3.87% in L2). Due to these 

relative high scores in mental calculation, effects of language might not be shown in 

the analysis; however, a two-tailed t-test revealed that mental calculation scores in 

the second language condition were significantly higher than those of the first 

language t(33)=2.66, p<.05. This result might be an indication of language 

preference due to the effect of syllable-length. English digit words are shorter than 

Japanese; however, the number of syllables in English words are nearly equivalent 

to Korean readings. Likewise, it is also possible that difficulty of mental calculation 

problems caused the difference. Thus, we should not hastily conclude that the 

difference would be interpreted as language preference in mental arithmetic among 

bilinguals.   

Research Question 1 also asked whether there are any other factors that may 

affect the performance. A possible source of variation in working memory task can 

be derived from the distinctive orthography of the languages. During the operation 

task, participants were required to read the word stimuli aloud while they were 

displayed on the screen visually. Whereas Korean orthography (Hangul) is based on 

the spatial placement and stacking of letters consisting of initial (syllable onset), 

medial (syllable nucleus), and final (syllable coda) phonemes, the Japanese Kana 

writing systems follow a linear arrangement of syllables, writing each character in a 

row. The processing of visual information in working memory can be interpreted by 

Baddeley’s model of three components. Due to the limited space in visual working 

memory (Baddeley, 1986), unique syllable block organization of letters in Korean 

may facilitate Korean speakers processing word recall. Similar to Korean, Chinese 

orthography is also based on spatial construction of elements representing a 

morpheme. Many researchers have shown that Chinese speakers rely more heavily 
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on visual information than phonological codes during reading Chinese characters. 

Hoosain (1991), for example, argued that Chinese speakers might develop 

advanced visuospatial sketchpad abilities through identifying Chinese logograph. 

Assuming this enhanced ability, Chan and Elliot (2011) investigated the visuospatial 

ability of Chinese speakers, whether superior digit span was due to shorter 

articulatory duration of Chinese number words or advanced visuospatial processing 

skills. Unfortunately, the results did not support the hypothesis that the Chinese 

advantage in visuospatial processing did not contribute to differences in digit span 

between Chinese and Malay. Although the Korean writing system shares some 

similarity with Chinese in terms of its spatial composition of syllables, Korean has 

more advantages in visual processing due to the characteristics of phonography, 

which specifies phonological form, while the Chinese system is based on 

logographic writing, which does not specify a phonological form of each morpheme. 

Thus, whether Korean speakers may develop enhanced visuospatial skills than 

Japanese speakers is worth for empirical scrutiny.  

Although both syllable-length and variations in WMC were found to determine 

differences in digit span across Japanese and Korean speakers, there could be other 

linguistic factors accounting for the differences. It is tempting to speculate that 

syllable might not be a meaningful unit for dividing words among Japanese speakers 

as Japanese is known to assemble phonology by moraic units, not by syllabic units 

(Cutler & Otake, 1994; Kubozono, 1989). For example, while speakers of Korean 

(and many other languages) divide the word yon (4) into one syllable, Japanese 

speakers might divide into two morae, /yo.n/. Thus, it is possible to assume this 

different system is related to the verbal memory among Japanese speakers and 

tasks in their first and second languages. Different psychological representations in 



42 

phonological processing could affect phonological short-term memory; however, little 

effort has been made to investigate how the system of dividing words into different 

units could influence the memory of words across languages.  

Research Question 2 

 Research Question 2 asked about the role of counting words with respect to 

numerical information processing among bilinguals, and took on three main parts: 

 Do results from the second language condition of bilinguals also support 

the effects of syllable-length? Since the same English stimuli are tested in 

Korean and Japanese speakers, does the comparison show any significant 

differences? 

With respect to this question, there was in fact a significant difference between 

Korean and Japanese speakers in backward digit span for the second language 

condition, but not in forward digit span. However, considering the regression analysis, 

it appears that it was the variation in WMC that made difference between groups - 

digit span was not influenced significantly by the encoding of numbers in the L2 

(English). Thus, the results confirmed the word-length hypothesis:  Effects of 

syllable-length were found only in the first language trials and effects of WMC were 

observed in the second language condition. This pattern makes sense and is 

consistent with the prior observations that WMC should be highly correlated with digit 

span task, because it is one of the most common techniques to quantify one’s 

working memory capability when there is no interference such as language in this 

case.  
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The second part of this question was as follows: 

 Is it the first language advantage or efficiency of word-length that affects 

memory of numbers and mental calculation? Does degree of proficiency in 

the second language play a role in numerical cognition tasks? 

This question can be answered by evaluating the Japanese data because the 

number of syllables between Korean and English were nearly equivalent, and both 

shorter than Japanese. Thus, as English digit words take less time to articulate than 

Japanese, we could assume the efficiency of word-length if they scored better at 

English trials. On the other hand, if their performance were higher in Japanese trials 

despite the longer syllable-length, this would be consistent with a first language 

advantage. The results indicated significantly better performance during the first 

language trials in both forward and backward conditions for Japanese speakers, 

supporting the idea that there is a first language advantage.  

Although the present study did not show any interaction between self-rated 

proficiency of English and working memory measures, the first language advantage 

might be evidence of effects of proficiency. Because Japanese participants are late 

bilinguals and natively more proficient in their first language than the second 

language, the first language advantage seen here could be interpreted as an effect 

of proficiency between first and second languages. Recently, a number of studies 

compared performance of working memory tasks in L1 and L2. Chincotta et al. (1997) 

tested Finnish and Swedish bilinguals whose native languages were different (one 

group had Finnish as the first language and Swedish as the second language, the 

other group vice versa). The study found larger digit spans for speakers in their 

native language compared to their second languages. In addition, van den Noort et 
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al. (2006) compared performance in working memory tasks among multilinguals and 

found working memory interacted with proficiency of foreign languages. 

The final part of Research question 2 was: 

 Does overall performance of bilinguals surpass the results of monolinguals 

due to superior executive functioning of bilinguals? Or, are there any first 

language disadvantages because of possible interference of the first 

language?  

With respect to this question, comparing digit span results between 

monolinguals and bilinguals revealed that digit memory capacity between the two 

groups was statistically different. This implication may suggest a bilingual advantage 

of greater memory storage capacity than monolinguals. The tendency can be derived 

from enhanced executive functioning, which allows bilinguals to more efficiently 

access the storage system. Since bilinguals are used to inhibiting one language 

while using the other, the capacity to hold information and the ability to retrieve 

stored information is superior to monolinguals (Bialystok, 1999; Bialystok et al., 2004; 

Colzato et al., 2008; Costa et al., 2008). 

In contrast with the aforementioned view, some researchers challenged the 

assertion of a bilingual advantage. Building upon the interlingual interdependence 

hypothesis, Magiste (1980) demonstrated that both performance of short-term and 

long-term memory among bilinguals is less than those of monolinguals. This 

phenomenon is explained by a single storage system for both languages and hence, 

interference between languages is inevitable. Assuming the variance in WMC, this 

hypothesis could explain underlying reasons for larger digits recalled in English 

among Korean speakers than Japanese. Korean speakers’ advantage of a shorter 



45 

syllable-length in Korean digit names might positively interfere during recall of 

English digit words, and hence resulting in larger digits recalled than Japanese 

speakers.  

Limitations and Future Directions 

Despite efforts to fill gaps in the previous literatures, the present study is 

limited in various respects. First, as discussed, control of WMC could provide more 

accurate results on which factor determines the differences in digit span. Preliminary 

experiments could be implemented to collect an equal number of participants in 

accordance with WMC measure. Second, due to the nature of subjectivity in the self-

rating, proficiency of the second language was not precisely reported to compare 

with other objectively calculated variables. In the present study, official test scores 

were collected as a measure of the proficiency; however, it is impossible to expect 

that participants have the same test score. Although other studies demonstrated a 

significant role of L2 proficiency in WMC, the present study did not show any 

significance. In light of this fact, English proficiency tests could be conducted before 

the experiment and use the results as an objective measure. Third, mental 

calculations could be reformulated to address the problems in degree of difficulty. In 

this way, whether there is a language preference among bilinguals as a function of 

word-length could be examined. Fourth, as effects of orthography have been found, 

building word stimuli in the Japanese condition should be more carefully addressed. 

There are two writing systems in Japanese; Kanji adopted Chinese character, which 

has spatial construction of the elements and Kana is used for native Japanese words 

and foreign borrowing words. Thus, it could be interesting to see whether there is a 

significant difference between types of scripts in short-term memory of words among 

native Japanese speakers. In addition, implementation of eye-tracking methodology 
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to more precisely investigate how speakers like Korean or Chinese read words and 

take advantage of its visual information would yield some interesting results. Fifth, 

although the current study did not show any correlation between age and digit span, 

age is one of the most well known variables that affect memory capacity; however, 

distribution of age in the current study showed relatively high variability in age among 

three groups of participants (SD=4.28, range=12). Lastly, whereas 20 participants in 

the Korean-English bilingual group knew the researcher personally, there is no 

personal relationship with Japanese participants or the monolingual group. This 

could have had a minor influence on the results; however, since the researcher was 

seated in the experiment room with the participant during the test and performed 

grading in the meantime, it is entirely possible that the Korean participants felt more 

pressure than any of the other groups. Therefore, control for the experimental setting 

could raise different results.  

Findings from the present study are limited, but implications could help to 

further understand the cognitive architecture of memory among monolinguals and 

bilinguals.  
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APPENDIX A 
FIRST LANGUAGE DIGIT SPAN STIMULI 

 
 

Forward Digit Span Backward Digit Span 

9-2-4 5-9-3 
6-1-7 1-6-8 
2-5-3-9  4-2-5-9 
8-1-6-3 7-1-8-6 
4-9-2-5-3 3-9-2-5-4 
1-7-2-6-8 6-4-1-8-7 
9-2-5-3-1-4 4-2-9-1-3-5 
7-1-3-8-6-2 8-1-6-9-7-2 
4-9-2-5-3-1-7 3-1-9-2-5-4-1 
6-2-9-1-8-3-7 6-8-1-7-9-4-5 
3-1-5-9-2-4-8-6 9-5-7-2-3-1-4-5 
8-2-5-7-6-3-9-1 1-7-5-8-9-2-6-4 
6-8-1-9-2-5-4-7-3 2-9-1-5-8-4-3-6-7 
2-8-3-9-5-1-7-4-3 6-1-4-7-3-8-2-5-9 
2-7-4-8-6-2-3-8-1-4  
7-1-3-9-4-2-5-6-8-4  
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APPENDIX B 
ENGLISH DIGIT SPAN STIMULI 

 

Forward Digit Span Backward Digit Span 

8-1-6 5-2-3 
4-2-5  1-7-6 
7-1-6-8  4-2-9-3 
5-9-2-4  8-6-1-7 
3-9-2-5-4 2-5-9-3-4 
6-1-7-2-8 8-1-6-7-3 
2-7-4-9-5-3 5-2-4-7-3-9 
8-1-4-7-6-9 6-4-1-8-7-1 
2-8-5-3-1-9-4 4-9-1-5-3-9-2 
1-8-7-9-6-3-5 7-1-5-2-8-6-1 
5-2-9-3-7-4-1-8 5-3-9-2-4-1-3-9 
4-7-2-9-6-3-5-1 7-2-1-7-6-3-1-8 
6-3-1-4-8-2-9-5-7 9-3-5-2-3-6-2-7-9 
8-2-4-6-1-9-7-3-5 1-5-8-6-2-7-1-9-8 
3-1-7-9-6-4-8-5-7-2  
5-2-9-4-1-7-6-3-8-1  
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APPENDIX C 
ENGLISH OPERATION TASK STIMULI 

 
<Words> 

Arm-Drink-Year 

Body-Minute 

Half-Chair-Home-Person 

Spoon-Sleep-Water-Night-Rain 

Book-Pillow-Shirt-Bread 

Door-Morning-Result 

Hand-Exit-City-Truck-Window 

Time-Snow 

Answer-Feet-Butter 

Sky-Work-Glass-Dad 

Student-Public 

Beer-Letter-Hour-Paper-Fun 

 
 
<Mental Calculations > 

(9/3)+2=6 2+(4X2)=10 (6X3)+4=14   

(2X3)-1=4 (5/1)+4=9    

(7X5)+5=40 (6/2)+3=7 (4X5)+2=22 (8X2)-4=14  

(2X5)-2=8 4+(9X2)=24 (3X9)-5=22 6-(2X1)=3 (8/2)+4=8 

(5X3)+3=18 (10/5)+2=5 (9/3)+5=6 5+(4X3)=18  

(7X3)+1=22 (7X1)+4=12 9-(3X2)=4   

(8X2)-5=11 (6X5)-2=28 (3X7)-1=20 7+(5/1)=11 (4X8)-3=28 

(5X8)-7=33 (6X2)+5=17    

(8/2)+9=13 5-(3X1)=2 5-(3X1)=2   

(8X3)+4=28 (9/3)-2=5 (4/2)+9=13 (4X4)+3=18  

(8/4)-2=2 7+(3X5)=22    

(8X3)+2=26 (1X9)-3=6 (6/3)+4=7 5+(3X2)=11 4+(3X6)=20 
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APPENDIX D 
FIRST LANGUAGE OPERATION TASK STIMULI 

 
<Words > 
 
Korean Japanese Meaning 
오후-공기-동물 午後-空気-どうぶつ  Afternoon-air-animal 

가방-침대 かばん-寝台 Bag-bed 

맥주-아침-자동차-어린이 ビール-朝-自動車-こども   Beer-breakfast-car-
children 

학생-도시-시계-커피-대학 学生-都市-時計-コーヒー-大

学 

Student-city-clock-coffee-
college 

저녁-계란-얼굴-가족 夕方-たまご-顔 -家族 Dinner-egg-face-family 

친구-머리-집 ともだち-頭-家 Friend-head-home 

시간-열쇠-편지-엄마-신문 時間-かぎ-手紙-母-新聞 Hour-key-letter-mother-
newspaper 

종이-파티 紙-パーティー Paper-party 

사람-감자-라디오 人-じゃがいも-ラジオ People-potato-radio 

도로-소금-노래-거리 道路-しお-歌-まち Road-salt-song-street 

설탕-여름 砂糖-夏 Sugar-summer 

걸음-전화기-나무-날씨-겨울 散歩-電話-木-天気-冬 Walk-telephone-tree-
weather-winter 

 

<Mental Calculations > 

(4/2)+8=10 9+(1X4)=12 (7X7)+2=51   

(6X3)-4=14 (10/5)+6=10    

(8/2)+3=7 (2/1)+8=9 (3X9)+2=25 (8X6)-3=45  

(4X5)-9=11 9+(2X6)=21 (5X4)-5=15 8-(3X2)=2 (6/2)+3=5 

(9X1)+3=12 (9/3)+8=12 (6/2)+5=10 7+(2X9)=26  

(7X6)+4=58 (2X8)-5=11 8-(3X2)=3   

(7X2)-5=11 (5X3)-3=13 (8X2)-3=13 3+(10/2)=23 (4X8)-3=28 

(9X8)-8=66 (3X4)+3=15    

(6/2)-1=2 10-(3X3)=1 (9X3)-2=29   

(6X9)-6=46 (10/5)+7=8 (8/2)+5=11 (3X7)+6=28  

(9/3)-1=2 5+(7X4)=33    

(2X9)+3=15 (2X7)-7=8 (8/2)+4=8 6+(5X3)=2 9+(4X9)=48 
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