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Language complexity and mathematics performance have been linked together 

in earlier studies researching effective pedagogical practices for teaching early 

number sense to young children. Though the choice of language is usually 

dependent on that of a child’s parents or caregivers, little is known about 

whether there might be any advantage when it comes to learning numbers and 

numerals for those who are given a choice of language. This study examines the 

presence of mathematical preferences of adults in their evaluation of invented 

languages. The results reveal that languages with a simpler, predictable 

numeral system structure are considered mathematically preferable to the 

extent that each number word can be easily associated with a distinct symbol 

and place value in the corresponding numeral system. 

INTRODUCTION 

Persistent challenges among students from certain countries to rise above their 

longitudinally below-average standings in international mathematics 

assessments such as the Trends in International Mathematics and Science Study 

(TIMSS) have been well documented (Mullis et al., 2016). This has led 

researchers to explore explanatory factors ranging from national curricula to 

affective qualities (Kaiser, Luna, & Huntley, 1999; Leung, 2014; Schmidt et al., 

2001; Stigler & Hiebert, 2004). 

In recent years, researchers have examined language differences to explain 

variations in mathematics performance, albeit inconclusively (Miller et al., 

2005; Tjoe, 2017). Some advocate incorporating base-ten blocks into 

introductory counting lessons for kindergarteners in order to account for the 

base-ten structure transparency of East Asian languages which has been credited 

for the consistently high performing mathematics achievement of those 

countries (Miller et al., 1995). 

Nevertheless, it was not clear from these studies whether learning any language 

might be beneficial in acquiring elementary understanding of a numeral system, 

especially if students have a choice (Civil & Planas, 2004). Instead of 

measuring the effectiveness of language choice on mathematics competence in 

young students, the present research aimed to evaluate such an effect on adults. 

We approached our goal by analyzing subjects’ problem-solving ability in re-

constructing a numeral system associated with a list of invented number words 

simulating four language patterns. Researcher asked subjects about the extent to 
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which one language might be considered more mathematically preferable than 

others. 

THEORETICAL FRAMEWORK 

Students in East Asian countries have long been perceived to hold a natural 

linguistic advantage over those in western countries as far as their performance 

in international mathematics assessments (Geary et al., 1993; Stevenson et al., 

1990). Chinese-speaking countries (e.g., Hong Kong–CHN and Chinese Taipei–

CHN) specifically have for five consecutive quadrennial periods between 1995 

and 2015 been steadily among the world’s top five in TIMSS Grades 4 and 8 

mathematics (Mullis et al., 2016). 

Compared with other languages, Chinese was to a certain extent viewed as 

better communicating a one-to-one correspondence between Hindu-Arabic 

numeral symbols and their corresponding number words, as well as a consistent 

and transparent base-ten structure and positional place value (Miller & Paredes, 

1996). 

For instance, to master enumeration skills from 1 to 99, Chinese-speaking 

students needed to learn only ten distinct number words for numerals 1 to 10, 

because any number words for numerals 11 to 99 could be constructed by 

combining the first ten distinct number words with a natural base-ten structure 

and place value in mind (e.g., “yī,” “shí-yī,” “shí-jiǔ,” “èr-shí-yī,” and “jiǔ-shí-

yī” might be viewed as “1,” “10 + 1,” “10 + 9,” “2 × 10 + 1,” and “9 × 10 + 1” 

for 1, 11, 19, 21, and 91, respectively) (Fuson, Richards, & Briars, 1982). 

Although Korean-speaking students needed to learn nine additional number 

words for multiples of ten in addition to ten distinct number words for numerals 

1 to 10, a distinct rule was apparent in the separation of place values and their 

positions (e.g., “hanna,” “yoll-hanna,” “yoll-ahop,” “sumul-hanna,” and “ahun 

hanna” might be viewed as “1,” “10 + 1,” “10 + 9,” “20 + 1,” and “90 + 1” for 

1, 11, 19, 21, and 91, respectively) (Miller & Paredes, 1996). English-speaking 

students needed to learn more than ten distinct number words for numerals 1 to 

99, with a potential misconstruction of number words given an occasionally 

reversed place value structure (e.g., “one,” “eleven,” “nineteen,” “twenty-one,” 

and “ninety-one” might be viewed as “1,” “11,” “9 + 10,” “2 × 10 + 1,” and “9 

× 10 + 1” for 1, 11, 19, 21, and 91, respectively) (Ho & Fuson, 1998). French-

speaking students also needed to learn more than ten distinct number words for 

numerals 1 to 99, as well as the idea of some number words being a compound 

multiplicity where numbers could be viewed as a multiple of a multiple of ten 

(e.g., “un,” “onze,” “dix-neuf,” “vingt-et-un,” and “quatre-vingt-onze” might be 

viewed as “1,” “11,” “10 + 9,” “20 + 1,” and “4 × 20 + 11” for 1, 11, 19, 21, and 

91, respectively) (Miller & Paredes, 1996). 

Regard for the efficacy of Chinese prompted some researchers to adapt its 

transparent base-ten structure to languages with less transparent base-ten 
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structures in the hope of facilitating stronger association between number words 

and number concepts (Wynn, 1992). Beginners’ perspectives on language 

choice in learning mathematics concepts as early as counting skills remain 

unclear. 

The research of choice in mathematics problem solving itself pointed to a 

variety of motivations (Nesher et al., 2003; Presmeg, 1986; Silver et al., 1995; 

Star & Rittle-Johnson, 2008). Expert mathematicians, for their part, reflected on 

aesthetic values when choosing a preferred solution method among many 

(Dreyfus & Eisenberg, 1986; Silver & Metzger, 1989; Tjoe, 2015). It was 

because of the breadth and depth of their mathematical comprehensions that 

these experts became more disposed toward—and thus appreciative of—the 

assessment of mathematical beauty (Sinclair, 2001). 

Earlier studies have suggested that—implicitly, in the absence of language 

choice—the regurgitation, if not formulation, of number words influences 

beginning counters’ ability to transfer their early study of numeral symbols into 

later mathematics achievement (Miller et al., 2005). To put it differently, the 

preferred language allows beginning counters to recognize the complete 

harmony—as Sinclair (2004) highlighted in her analysis of mathematical 

beauty—of the underlying correlation between linguistic and mathematical 

structures. To this extent, using a different methodology, the present study 

might be valuable in helping elementary classroom teachers further weigh the 

pedagogical benefits of integrating a concrete base-ten structure in their early 

number and operation instructions, as suggested by past studies (Miller et al., 

1995). 

METHODOLOGY 

A total of 120 undergraduate science and engineering students from a large 

university in the Northeastern region of the United States volunteered for the 

study, in which a proportionate stratified random sampling technique was used. 

Most of them were international students. Of the 120 subjects, an equal number 

of 30 spoke Chinese, Korean, English, and French as their first languages, 

respectively. Each of the 30 subjects spoke English, but no other languages 

besides their first language. Prior to participating in the research, subjects were 

asked about their familiarity with non-decimal numeration systems. All subjects 

reported that they had taken mathematics courses that surveyed non-decimal 

numeration systems. 

Four languages—namely, Chinese, Korean, English, and French—were selected 

to reflect four major different levels of transparency of base-ten structure into 

which most languages around the world are classified (Tjoe, 2017). From these 

four languages, the authors derived four invented languages (ILs) simulating the 

actual four languages but reflecting a base-five numeral system instead of the 

standard base-ten numeral system. 



606 

IL1, IL2, IL3, and IL4 were based on Chinese, Korean, English, and French, 

respectively (see Table 1). For numerals 1 to 44 in base five, all 24 invented 

number words (except their variations) were kept to single syllables to avoid 

preferences for the least number of syllables involved in the number words. 

 

(Hindu- 

Arabic) 

numeral 

symbols 

in base 

five 

IL1 

(Chinese-based) 

IL2 

(Korean-based) 

IL3 

(English-based) 

IL4 

(French-based) 

1 wie oak eor sap 

2 aur baes lang tou 

3 piir ryuu ngge miin 

4 soat zar uos goo 

10 yoap vis non ber 

11 yoap-wie vis-oak jaen bappin 

12 yoap-aur vis-baes samj touin 

13 yoap-piir vis-ryuu nggi-nunn ber-miin 

14 yoap-soat vis-zar uor-nunn ber-goo 

20 aur-yoap boir leng-nann meng 

21 aur-yoap-wie boir-oak leng-nann-eor meng-sap 

22 aur-yoap-aur boir-baes leng-nann-lang meng-tou 

23 aur-yoap-piir boir-ryuu leng-nann-ngge meng-miin 

24 aur-yoap-soat boir-zar leng-nann-uos meng-goo 

30 piir-yoap hia nggi-nann meng 

31 piir-yoap-wie hia-oak nggi-nann-eor meng-bappin 

32 piir-yoap-aur hia-baes nggi-nann-lang meng-touin 

33 piir-yoap-piir hia-ryuu nggi-nann-ngge meng-ber-miin 

34 piir-yoap-soat hia-zar nggi-nann-uos meng-ber-goo 

40 soat-yoap pott uor-nann tou-meng 
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(Hindu- 

Arabic) 

numeral 

symbols 

in base 

five 

IL1 

(Chinese-based) 

IL2 

(Korean-based) 

IL3 

(English-based) 

IL4 

(French-based) 

41 soat-yoap-wie pott-oak uor-nann-eor tou-meng-sap 

42 soat-yoap-aur pott-baes uor-nann-lang tou-meng-tou 

43 soat-yoap-piir pott-ryuu uor-nann-ngge tou-meng-miin 

44 soat-yoap-soat pott-zar uor-nann-uos tou-meng-goo 

Table 1: Base-five numerals and number words in four ILs that simulated 

Chinese, Korean, English, and French languages 

All subjects met with the researcher in one classroom at the same time. They 

were not informed that most subjects did not speak English as their first 

language. They were provided with a printed set of four ILs comprised of only 

ten consecutive number words for the numerals 1 to 20 in base five, but without 

any information on the corresponding (Hindu-Arabic) numeral symbols. 

Subjects were informed that the number words did not correspond to the base-

ten numeral system, but were not informed of the number base to which all 

number words corresponded, or of whether the number base was the same 

across the four ILs. 

In addition to the printed set of the four ILs for numerals 1 to 20 in base five, 

blank paper, a pencil, and at least 325 counters were provided to each subject. 

Without time limit, subjects were asked to: (a) determine the next 14 number 

words for the subsequent numerals in each of the four ILs; (b) determine the 

number base to which all number words corresponded, and (c) visualize using 

the counters provided the corresponding grouping and/or mathematical 

equivalence of each number word. At the time of the study, subjects who asked 

whether they needed to figure out corresponding (Hindu-Arabic) numeral 

symbols for each number word were welcomed to do so. 

After completing the three tasks earlier, subjects were immediately provided 

with a complete list of number words and informed that the 24 number words 

for the four ILs corresponded to a base-five numeral system. Subjects were 

asked to: (a) determine with explanations one of the four ILs which they might 

consider learning if they were to use it for counting objects in the corresponding 

base system; (b) determine with explanations the rank order of the four ILs 

beginning from the most to the least preferred languages; (c) determine to which 

of the four ILs might their own first language be similar, and (d) again visualize 
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using the counters provided the corresponding grouping and/or mathematical 

equivalence of each number word. 

ANALYSIS AND RESULTS 

All subjects completed the first three tasks in less than one hour. Their written 

responses revealed that they were able to complete the next 14 number words 

for the subsequent numerals in IL1 with higher accuracy than for the other ILs. 

(Many subjects left blank or answered incorrectly the next 14 number words for 

IL2, IL3, and IL4.) 

Of the 120 subjects, 103 were able to provide precise predictions of the next 14 

or more number words for the subsequent numerals in IL1. They were also able 

to figure out, in a relatively short amount of time, that number words in IL1 

corresponded to a base-five numeral system. Of these 103 subjects, all were 

able to successfully identify mathematical equivalences for the 24 number 

words in IL1 either by drawing, by using counters, or by writing. Apparently, it 

was these 103 subjects who took the time to figure out the correct 

corresponding (Hindu-Arabic) numeral symbols for each number word. (During 

the study, one subject asked out aloud whether he or she was required to figure 

out the corresponding (Hindu-Arabic) numeral symbols for each number word. 

After the researchers answered, “You may or may not choose to do so,” the 

researchers announced this response to all 120 subjects to avoid partiality. It 

was obvious that most subjects took this announcement as a pointer.) 

In contrast, none of the 120 subjects were able to determine the next 14 number 

words in IL2, IL3, or IL4. (A few were able to determine only the next 4 

number words in IL2 and/or IL3 with multiple errors for the following 10 

number words.) Consequently, IL2, IL3, and IL4 were the most challenging for 

all subjects to determine to which number base their number words 

corresponded as well as the visualization of these number words. 

Upon the completion of the first three tasks, the subjects seemed curious about 

the complete list of number words provided and about the base-five numeral 

system to which these four ILs corresponded. (Some subjects studied them for 

nearly 15 minutes before continuing to proceed with the last four tasks.) Most 

subjects were surprised to learn that number words in IL3 and IL4 (but not IL1 

and IL2) corresponded to a base-five numeral system. 

All the 120 subjects reported that they preferred learning IL1, assuming they 

were to count objects in a base-five numeral system. Their justifications 

included: “the pattern [of number words] is predictable just like the matching 

symbols;” “it seems short, simple, and clean unlike other languages;” “pretty 

neat because the words coordinate well with the symbols;” “I don’t have to 

second guess myself whether my answers (to the next 14 number words) are 

correct or not;” and “I wish our (number words) were easy like this.” 
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While all 120 subjects considered IL1 the most preferable, 105 considered IL2 

the second most preferable. Subjects wrote: “[IL2] has a similar taste as [IL1] 

… you just need to be careful not to get ahead of yourself after every 5 (number 

words) spelled out;” “everything seems bundled up in [IL2];” and “seeing a new 

(number word) is a good sign that we are going back into a new cycle.” 

Of the 120 subjects, 96 and 101 considered IL3 and IL4 the third and fourth 

most preferable, respectively. Subjects reported: “[IL3] is not the best but more 

predictable than [IL4];” “[IL4] is like putting [IL2] and [IL3] together;” “you 

need to think a lot for (number words in IL4) because it’s not a straightforward 

translation (between number words and numeral symbols)”, and (number words 

in IL4) were repeated in the pattern and even after knowing it is base five, I still 

need to make sense why they got repeated before and after certain (number 

words).” 

DISCUSSION AND CONCLUSION 

Previous studies indicated that no definite agreement exists among researchers 

using international assessments in mathematics such as TIMSS regarding the 

effect of languages with transparent base-ten structures (such as Chinese) on the 

mathematics performance of students from countries speaking such languages. 

When one had a choice to learn a language associated with a new, non-decimal 

numeral system, the present research partially demonstrated the existence of a 

preference for a language with a transparent numeral system. Despite their 

predictive factor in mathematics achievements four or eight years subsequent, 

languages more mathematically preferred for counting purposes might be best 

suited for kindergarteners to learn the conceptualization of number sense, as 

well as to appreciate the construction of our decimal numeral system. 

While the present research did not attempt to predict which language might 

produce more favorable mathematics achievement by its learners, it suggests, to 

a certain degree, alternative empirical evidence that early number sense—

especially in counting and cardinality—might be comprehended more 

effectively if the numeral system is chosen to discernibly coincide with numeral 

symbols. That is, because our numeral symbols are based on the decimal 

system, the task of transposing between these numeral symbols and the 

language of the word names, if not the language itself, should also be based as 

closely as possible on the decimal system. Regarding recognizing a certain 

language as more mathematically beautiful than others, aesthetic considerations 

in mathematics classroom learning might be attainable as early as kindergarten 

(Tjoe, 2016). Further studies are needed to investigate links between language 

preference and student success in arithmetic operations. 
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