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Abstract—The compilation of Chinese heritage textbooks 

has always adopted the standards of teaching Chinese as 

mother language or as second language. The difficulty level 

of the texts is mostly measured separately from the aspects 

of Chinese characters, vocabulary, and grammar. There is 

no comprehensive quantitative evaluation standard. 

Readability formula is one of the methods to 

comprehensively measure the difficulty of text. The present 

study made use of Chinese heritage textbooks as the source 

of data and constructed readability formula by the method 

of multiple regression analysis. The formula includes four 

language features, i.e., proportion of difficult words, 

number of different characters, average sentence length, 

and proportion of function words, which could explain 

72.9% of the variation of text difficulty level. Limitations 

and future works of the formula are discussed. 

Keywords—readability formula, text feature analysis, 

Chinses heritage language texts 

I. INTRODUCTION 

Readability refers to the degree that a text can be read 

and understood. (Dale & Chall, 1949) For second 

language learners, readability has a direct impact on 

readers’ understanding, reading speed and degree of 

interests. Therefore, the evaluation of readability is of 

great significance to both educators and learners. 

Many methods have been proposed to measure the 

readability of text, which includes subjective evaluation, 

answering questions according to the text, cloze and 

readability formula [1]. However, some researchers 

pointed out that it is still common to use subjective 

evaluation in most studies of Chinese readability [2]. 

Regarding the development of natural language 

processing technology, the construction of readability 

formula is increasing, and has recently been applied in the 

field of teaching Chinse Language as mother language and 

as second language. Previous research has shown that 

Chinese L2 learners with different levels and language 

backgrounds have different reading processing patterns. In 

other words, readability research should consider both the 

text type and the reader’s background, for example, 

learning Chinese as a heritage language. However, in 

some Chinese heritage language curriculum, it is common 
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that teachers and students are using Chinese L2 textbooks, 

which points to a gap in readability for Chinese as a 

heritage language. 

The research paradigm of readability formula is: 

adopting the knowledge and methods of reading 

psychology, linguistics and statistics, the readability level 

of the text is obtained by measuring the syntactic 

complexity and semantic difficulty of the text and using 

the method of mathematical statistics. The construction of 

readability formula can be divided into two steps: data 

construction and formula verification. In the construction 

stage, text corpus, language features, and the relationship 

between text difficulty level and language features are to 

be constructed. In the verification stage, it is necessary to 

verify whether the constructed formula can predict the 

difficulty of new text, and evaluate the performance of the 

readability formula by comparing the predicted results 

with the real level of the text. 

The study of readability formula originated in the 

United States, and it is mainly used to calculate the 

reading difficulty of English texts. Among which, the 

most classical formulas include Dale&Chall formula [3]; 

Flesch Kincaid formula which is embedded in Microsoft 

Word [4]; Smog formula [5] and Lexile Scores [6]. The 

study of Chinese text readability began in the 1970s, 

which includes mother language texts [7–11] and second 

language texts [2, 12–14]. However, there are few studies 

on the readability for Chinese as a heritage language, and 

the text of which is different from Chinese as mother 

language textbooks and as second language textbooks in 

the aspect of vocabulary, sentence, and text structure. For 

now, it remains to be shown whether the existing formula 

will perform well in text of Chinese as a heritage language. 

Researchers have reached a common view on the 

characteristics of students learning Chinese as a heritage 

language. Chinese heritage language textbooks are 

compiled to help students acquire knowledge of Chinese 

language as well as culture. The instruction of Chinese 

heritage language is “different from the Chinese language 

education in China as mother language and the teaching of 

Chinese as second language” Currently, the research on 

Chinese heritage language textbooks mainly focuses on 

the compilation and application of textbooks, but the 

overall study on text readability is rather rare. Based on 

previous studies, this study aims to re-fit the existing 

Chinese readability formulas, explore the current 
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readability formulas for Chinese heritage language 

textbooks, and try to build a more scientific readability 

formula for students learning Chinese as a heritage 

language. 

II. METHODS 

A. Corpora 

Two Chinese heritage language textbooks Zhongwen 

and Hanyu were combined as our corpora in this research. 

These textbooks are the major textbooks used in overseas 

Chinese heritage language classroom, and are classified 

into 12 volumes for primary and 6 volumes for secondary 

(Table I). 

TABLE I.  INFORMATION OF CHINESE HERITAGE LANGUAGE 

TEXTBOOKS 

Textbook 1 

Zhonngwen 
(Primary) 

(2006) 

Zhonngwen 
(Secondary) 

(2010) 

Editor 
College of Chinese Language and Literature,  

Jinan University 

Criterion 

Chinese Proficiency Standard and Grammar Outline 
(1996) 

Graded Vocabulary and Characters for Chinese 

Proficiency (2001) 
Basic Vocabulary Table of Modern Chinese 

Characters (1988) 

Textbook 2 
Hangyu 
(Primary) 

(2007) 

Hanyu 
(Secondary) 

(2010) 

Editor Beijing Chinese Language and Culture College 

Criterion 

Higher than the standard requirements of Youth 
Chinese Test (YCT) 

Chinese Proficiency Test Program 

Chinese language syllabus in China mainland’s 
primary  

and secondary school 

Chinese Proficiency Test Program (HSK bank 6) 

 

In terms of text selection, this study has eliminated 

poetry, riddles, dialogues, and ancient Chinese texts. As 

Chinese heritage education has the obligation to inherit 

cultural knowledge [15], both sets of textbooks contain 

contents of Chinese culture, including idioms, myths, 

legends, and historical stories. Some of the same content 

appears in both of two textbooks, but is written at different 

volumes, such as “Lan Yu Chong Shu” (滥竽充数) in 

volume 12 of Hanyu and volume 9 of Zhongwen; “San Ge 

He Shang” (三个和尚) is in volume 10 of Hanyu and 

volume 8 of Zhongwen. In this case, considering that 

although the topic of the text is roughly the same, the 

language features such as vocabulary and sentences 

cannot be completely replaced equally, so both of the texts 

are retained and labeled according to the volume in 

textbook. 

In total, the number of texts selected in this paper 

contains 730 texts, including 510 texts in 12 primary 

textbooks and 220 texts in 6 secondary textbooks, totally 

304,633 words. 

B. Language Features 

The difference between the current Chinese readability 

formulas is mainly in the selection of text features, in 

addition, there are differences in the way the features are 

calculated and the reference standards. Reference [10] 

compares the features used in different formulas and 

divides the selected features into three categories, namely, 

the difficulty, length, and category features.  

TABLE II.  LANGUAGE FEATURE OF CHINESE READABILITY FORMULAS 

Formula 

user 

Formula 

constructors 

Language features 

Difficulty Length Category 

Learning 
Chinese as 

mother 

language 
 

Wang (2020) 
[16] 

Familiar 
words 

Average number 

of sentences, 
Average number 

of words 

 

Liu (2021) 

[11] 

Average 
difficulty of 

words 

Number of 
different 

Characters 

Percentage 
of function 

words 

Learning 

Chinses as 
second 

language 

 

Hong (2014) 

[13] 

Number of 
easy words, 

Percentage of 

hard words 

 

Number of 

function 
words 

Wang (2008) 

[2] 

Percentage of 

easy words 

Number of sub- 
sentences, 

Number of 

different words 

Percentage 

of function 
words 

 

As shown in Table II, different researchers have a 

certain preference for the choice of linguistic features, 

considering the different user of the formulas: almost all 

Chinese readability formula constructors believe that 

length characteristics have a greater impact on readability; 

Most researchers believe that the function words in the 

lexical features is an important indicator to judge the 

Chinese readability. 

Based on the previous research results, this paper 

combines the reading characteristics of Chinese heritage 

students and extracts text features from three levels: word 

difficulty, length, and category. 

1) Word difficulty 

Different from English, Chinese characters and words 

are two different reading units. From the reading point of 

view, the difficulty of words reading is mainly related to 

the complexity of Chinese characters, character frequency 

and word frequency information.  

The complexity of Chinese characters is affected by 

the number of strokes, the number and the arrangement of 

parts. Relevant studies showed that the familiarity of 

Chinese characters has effect on the comprehension 

process. Research has shown that Chinese heritage 

students and non-Chinese heritage students have different 

feature of Chinese character acquisition, in which the 

former tends to process whole characters because of their 

high familiarity with Chinese characters, while the latter 

tends to do component analysis. 

Character frequency and word frequency are closely 

related to the grade of Chinese characters and words. In 

this paper, we used “International Chinese Education 

Standard for Chinese Language” (refer to as “New 

Standard”) [17] in extracting the frequency of words and 

characters. The new Standard divides levels into three 

stages and nine levels. Moreover, for the first time, the 

recognition and handwriting of Chinese characters are 

clearly quantified, so that the Chinese character 

instruction mode “recognize more and write less” has a 
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specific indicator and includes more recognition 

vocabulary that is helpful for reading. In the study of 

readability formulas, the proportion of easy words and 

hard words has a strong correlation with text difficulty. In 

this paper we take the number of elementary words, the 

proportion of elementary words and the proportion of 

difficult words (the percentage of advanced and super-

outline words in the total number of words) as the index 

of word difficulty. 

2) Length 

With the development of natural language processing 

technology, feature extraction gradually tends to mine 

deep linguistic features such as semantics and cohesion. 

Relevant studies have shown that deep language 

features can effectively improve the predictive 

performance of readability formulas, but shallow features 

on vocabulary and sentence level also have inherent 

advantages, which are simple, intuitive and easy to 

quantify. 

As can be seen from the table above, length is the most 

used factor for researchers, and it plays an important role 

in practical applications. 

Referring to previous studies, this paper chooses the 

length features including number of characters, number 

of different characters, number of words, number of 

different words, number of whole sentences, number of 

sub-sentences, and average sentence length. 

3) Word category 

As we know, words of a language can be divided into 

content words and function words. When reading, the 

semantics of the content words are relatively fixed and 

thus easy to understand. While function words are 

difficult due to their flexible semantics, and it makes 

differences of the structure and meaning of the sentence. 

In this paper, the definition of function words are 

prepositions, conjunctions, auxiliaries, mood words, 

adverbs and positional words. 

Due to the characteristics of the learners and the task 

of cultural inheritance, Chinese heritage education 

contains many idioms with rich cultural connotations, 

which requires a rich grasp of cultural knowledge when 

students encounter the idioms.  

TABLE III.  CORRELATION COEFFICIENT BETWEEN LANGUAGE 

FEATURES AND TEXT DIFFICULTY 
 

Language features Correlation Coefficient 

1 Number of strokes −0.211* 

2 Number of elementary words 0.484** 

3 Proportion of elementary words 0.132** 

4 Proportion of difficult words 0.471** 

5 Number of characters 0.813** 

6 Number of different characters 0.921** 

7 Number of words 0.785** 

8 Number of different words 0.826** 

9 Number of whole sentences 0.663** 

10 Number of sub-sentences 0.689** 

11 Average sentence length 0.617** 

12 Number of function words −0.140* 

13 Proportion of function words 0.037* 

14 Number of idioms 0.120* 

* p < 0.05, ** p < 0.01 

 

Regarding the previous studies, this paper identifies 14 

language features that affect text difficulty from three 

levels which have mentioned above. The correlation 

coefficient between language features and text difficulty 

is shown in Table III. 

III. RESULT 

A. Constructing Readability Formula 

Before the multiple regression analysis, there may have 

significant correlations among selected factors. These 

highly correlated factors should be filtered out because 

they yield similar effects on text difficulty and will affect 

the accuracy of parameter estimation. 

Filter method is as follows: 14 text features are added 

to the multiple regression analysis as predictive variables 

in turn. If the Variance Inflation Factors (VIF) is over 5 

after adding a feature, which determined the collinearity 

problem, then further compared the adjust R2 and retain 

the larger one into the readability formula. Based on the 

results of filtering, the selected language features were 

proportion of difficult words, number of different 

characters, average sentence length, and proportion of 

function words and the results are shown in Table IV. 

TABLE IV.  MULTIPLE REGRESSION ANALYSES 

 
Unstandardized coefficient 

Standardized 

coefficient 
t p VIF R ² Adjusted R ² 

B Standard error Beta 

constant −54.079 24.095 − −2.244 0.026* − 

0.733 0.729 

Average sentence length 3.797 0.844 0.170 4.500 0.000** 1.267 

Number of different 

characters 
1.943 0.121 0.693 16.033 0.000** 1.659 

Proportion of difficult 

words 
6.041 1.899 0.121 3.180 0.002** 1.277 

Proportion of function 

words 
52.006 84.854 0.023 0.613 0.002** 1.222 

* p < 0.05, ** p < 0.01 
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Based on these results, the following formula was 

constructed: 

Y = −54.079 + 3.797X4 + 1.943X1 + 6.041X2 + 52.006X3 

where Y is the readability score, X1 is the number of 

different characters, X2 is the proportion of difficult 

words, X3 is the proportion of function words, and X4 is 

the average sentence length.  

The results of our multiple regression analysis indicate 

that the combination of proportion of difficult words, 

number of different characters, average sentence length, 

and proportion of function words produces a multiple 

correlation of 0.733 and a corresponding R2 of 0.729. 

That is to say, this result signifies that the combination of 

the four variables alone accounts for 72.9% of the 

variance based on Chinese heritage language text. In 

other words, using these four variables, the formula can 

predict 72.9% of the difficulty for these textbooks. 

B. Validation and Evaluation 

To further evaluate the validation of which the formulas 

predict readability, correlation coefficient between the 

predicted and actual text values and the prediction 

accuracies were generated for the texts.  

There is a significant positive correlation between the 

predicted and actual text difficulties (r = 0.863, p < 0.01), 

indicating that the indices calculated from this formula are 

most consistent with the original volume levels of the 

texts.  

TABLE V.  THE ACCURACY OF OUR FORMULA 

 Textbook 

Volume 

Absolute 

Accuracy 

Relative 

Accuracy 

Primary 

1 0.34 0.56 

2 0.34 0.67 

3 0.23 0.76 

4 0.43 0.89 

5 0.36 0.78 

6 0.35 0.79 

7 0.39 0.72 

8 0.32 0.65 

9 0.28 0.56 

10 0.21 0.45 

11 0.15 0.21 

12 0.12 0.25 

Secondary 

1 0.15 0.2 

2 0.12 0.18 

3 0.04 0.12 

4 0.08 0.13 

5 0.05 0.10 

6 0.20 0.15 

Average 0.23 0.45 

 

As can be seen from Table V, the indices of absolute 

accuracy are more consistent in primary level text than 

secondary level. This result is consistent with previous 

study [12], which found that elementary and intermediate 

texts are strongly influenced by lexical factors, while 

intermediate and higher texts are influenced by sematic 

factors. 

C. Comparison with Previous Work 

Table VI provides a comparison of a multiple 

correlation result produced by our formula and previous 

readability formula. We used the corpus of this study as 

dataset, reconstructed 4 formulas with original feature sets 

as independent variables and the results are shown in the 

table. It is apparent that the correlation made by our 

formula is stronger than those made by the previous 

formulas. 

TABLE VI.  THE COMPARISON OF A MULTIPLE CORRELATION RESULT 

Formula constructor R2 F test 

Wang (2020) 0.485 120.412 

Liu (2021) 0.706 190.532 

Hong (2014) 0.684 98.773 

Wang (2008) 0.586 83.735 

Our Formular 0.733 162.839 

IV. CONCLUSION AND DISCUSSION 

This study constructs a readability formula for Chinse 

heritage language text using texts from primary and 

secondary Chinese heritage language textbooks as its 

source. This formula is formed from four language 

features, namely, proportion of difficult words, number of 

different characters, average sentence length, and 

proportion of function words. The results of analyses 

show that the formula can explain as much as 72.9% of 

the total variance, which is most predictive comparing to 

previous formula. 

As in all studies, this one has limitations. First, there is 

the question of the text set, which are all texts taken from 

editors of China mainland and examined a relatively small 

text set. Future studies would do well to use a larger text 

set, together with a separate and comparable training set. 

Second, there is the question of the method, although 

multiple regression analysis and readability formula have 

been an enduring method of most readability studies, their 

validity has been debated [18]. More and more readability 

tasks rely on machine learning models, artificial neural 

networks and SVM to integrate multilevel linguistic 

features. Future studies would benefit from readability 

models that combine new methods. Finally, there is the 

question of the language features, which are all shallow 

text features. Future works will pay attention on study the 

further level of the features, such as semantics and 

cohesion, as well as the learner factors. 
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