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SUPPLEMENTARY METHODS
Assessments of Cognitive Abilities
General cognitive tests

Raven’s Progressive Matrices 

The Raven’s Progressive Matrices test was used to assess general intelligence Raven, 1998()
. In this task, participants had to identify the missing segment that would complete an inherently regular pattern of a figure. Two candidate answers were presented side-by-side beneath each problem; participants were instructed to press “Q” if the missing segment was on the left and “P” if it was on the right. The test consisted of 15 trials.

Mental rotation

This test was based on the mental rotation task Shepard & Metzler, 1971()
. On each trial, one three-dimensional image was presented in the upper part of the screen, and two three-dimensional images were presented in the lower part. Participants were asked to choose which image from the bottom of the screen matched the image at the top; the matching image could be identified only by mental rotation. Participants pressed the “Q” key to choose the image on the left and the “P” key to choose the image on the right. The mental rotation test consisted of 10 trials. On each trial, the stimuli remained on the screen until the participant responded by pressing a key.

Forward and backward digit span
The forward and backward digit span task was adapted from the Wechsler Intelligence Scale Wechsler, 1997()
. To test the participants’ forward and backward memory span, we presented a series of digits aurally. The sound duration for each digit was standardized to 200 ms. Participants were asked to remember the order of the digits and report them at the end of each series. The test began with three items (digits) for the forward and two items for the backward digit span. The number of items increased gradually until the participants failed to report them correctly for three consecutive trials.

Choice reaction time
On each trial of the choice reaction time test, a white dot was presented on a black screen to either the left or right of a fixation cross. The position of the dot was within 15° of visual angle from the cross. Participants were asked to press the “Q” key if the dot appeared on the left and the “P” key if it appeared on the right. There were 30 trials (15 trials with the dot on the left and 15 trials with the dot on the right). The screen size where the dot appeared varied randomly across trials. The inter-stimulus intervals varied randomly between 1,500 and 3,000 ms.
Language processing tests
Word repetition
This task contained common terms and meaningless words. For each trial, a Chinese word was presented in the middle of the screen in random order. Participants were asked to read them aloud. For each category, there were 10 trials.
Chinese character reading
Similar to Tan et al. 2001()
, this test contained common characters with high frequency (frequencies more than 20 per million) and low frequency (frequencies less than 10 per million) according to the Modern Chinese Frequency Dictionary Cheng & Yang, 1989()
. For each trial, one Chinese character was presented in the middle of the screen, and participants were required to read this character aloud. There were 36 characters and the order ranged from easy to difficult.
Picture naming
This picture set contained color photographs of common objects in three categories: animals, fruits, and tools. There were 20 pictures in each category and 60 pictures in total. For each trial, a picture was presented in the middle of the screen in random order. The participants were required to articulate the name of the object in the picture.

Verbal fluency 

This test was adapted from Monsch et al. 1992()
 and contained four semantic categories: flowers, cities, vocations, and vehicles. Participants were instructed to name as many examples as possible within one minute for each semantic category.
Word rhyming 

This task was adapted from the two-word rhyming task used by Tan et al. 2001


( ADDIN EN.CITE , 2003)
. Two Chinese characters were presented simultaneously on the screen. Participants were asked to judge if the two characters rhymed. For example, the characters门 (mén, river) and人 (rén, fragrance) rhymed, but 不 (bù) and 你 (nǐ) did not rhyme. There were 40 word pairs and the order random.
Sentence completion
This task was similar to the one used by previous researchers, which assessed the semantic memory Mummery et al., 1998


( ADDIN EN.CITE ; So & Siegel, 1997)
. The materials in the task were adapted from textbooks used in primary schools from first to ninth grade. For each trial, a sentence was presented in the middle of the screen with a word missing. Participants needed to select one of two candidate words presented beneath the sentence by pressing a left or right key. There were 20 stimuli and the order ranged from easy to difficult.
Numerical processing tests
Dot counting
This test contained either simple or complex patterns of dot arrays. The simple arrays consisted of 1–10 dots that were distributed randomly. The complex arrays consisted of 5–12 dots. For half of the trials, the total combined area of all dots in each set was controlled to be the same. For the other half of the trials, the average area of all dots in each set was controlled to be the same. The order of presentation was random. Participants were asked to count the dots exactly one-by-one and provided the answer orally. There were 10 trials and the order was random.
Forward and backward verbal number sequence

In this task, participants were asked to count ten numerals forward (one-by-one) starting from 3 and 15, and backward starting from 33 and 59.

Arabic number reading

The stimuli consisted of 1–4-digit Arabic numbers. For each trial, a number was presented in the middle of the screen. Participants were asked to read it out aloud as quickly as possible. There were ten 1-digit numbers and six 2–4-digit numbers. The order ranged from easy to difficult.

Chinese number word reading

Participants were presented with Chinese number words consisting of one and two digits presented in the middle of the screen in random order. They were asked to read each number word aloud. There were ten 1-digit number words and six 2-digit number words and the order ranged from easy to difficult.

Arabic number dictating

This task contained 1-digit and 2-digit Arabic numbers. For each trial, participants were asked to dictate the Arabic numbers as quickly as possible. There were ten 1-digit and six 2-digit Arabic numbers, and the order ranged from easy to difficult.
Numerical magnitude comparison

In the number comparison task (i.e., part of the classic number Stroop task) Girelli et al., 2000


( ADDIN EN.CITE ; Vuilleumier et al., 2004; Zhou, Chen, Chen, et al., 2007)
, participants were asked to judge which of two single-digit numbers, presented side-by-side on the screen, was larger in numerical magnitude while ignoring the differences in physical size. Participants were asked to judge whether the number on the left or the number on the right was larger. The physical size of the numbers also varied: “small” numbers extended 1.6° in horizontal and 2.4° in vertical visual angle, and “large” numbers had corresponding angles of 2.0° and 2.9°. There were three conditions (or types of number pairs). For the neutral condition, both numbers had the same physical size (either small or large); for the congruent condition, the numerically smaller number was also physically smaller; and for the incongruent condition, the numerically smaller number was physically larger. This test included 60 trials and the order was random.
Comparison of two dot arrays

This task was administered to examine numerosity processing and was adapted from the second edition of the Test of Early Mathematics Ability Ginsburg, 1990()
. Two sets of dots with various physical sizes were presented simultaneously on the screen for 200 ms, and participants were asked to judge what dot array contained more dots while ignoring the sizes of individual dots by pressing “Q” if the first array contained more dots or “P” if the second array contained more dots. The number of dots in each set varied from 19 to 59.
Simple addition 

One-digit addition problems were used. For each trial, an addition equation with two candidate answers appeared on the screen and participants were asked to complete the calculation and choose the correct answer. The number series and alternative answers remained on the screen until participants responded. The task was limited to 3 minutes.
Simple subtraction 

One-digit subtraction problems were used. For each trial, a subtraction equation with two candidate answers appeared on the screen and participants were asked to complete the calculation and choose the correct answer. The stimuli were presented on the screen until participants responded. The task was limited to 3 minutes.
Simple multiplication 

One-digit multiplication problems were used. For each trial, a multiplication equation with two candidate answers appeared on the screen and participants were asked to do the calculation and choose the correct answer. The multiplication and alternative answers remained on the screen until participants responded. The task was limited to 3 minutes.

Simple division

One-digit division problems were used. For each trial, the problem was presented in the middle of the upper part of the screen; participants were asked to give the answer orally. There were 20 trials and the order was random.
Number series completion

This task was adapted from the Cognitive Abilities Test 3 Smith, 2001()
. In this task, a series of numbers was presented in the middle of the screen, and the participants were asked to judge what the next number would be based on the pattern of the series. For example, the series of numbers “1 3 5 7 9” would have 11 as the next number. The participants needed to select one of two alternative answers below the given series by pressing “Q” or “P.” The number series and alternative answers remained on the screen until participants responded. The participants had 4 minutes to complete this test.
Experimental design for addition and multiplication in visual and auditory condition

Single-digit addition and multiplication problems were used in this design. Because those with 0 as an operand (e.g., 0 + 5, 0 × 5) are rule-based problems Lefevre et al., 1996()
, participants typically use “special” strategies to solve them. Therefore, such problems were not used in this study. All addition and multiplication problems were presented in either the visual or auditory condition. The problems were presented on the screen in the visual condition, and the researcher read out the problems to the participants in the auditory condition. The problems were further divided into smaller-operand-first and larger-operand-first problems. There were 81 trials for each type of condition. Participants were asked to give their answers orally. We used a random Latin square design to control for order effects.
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