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Abstract 

Recent research reveals that punctuation 
patterns exhibit cross-linguistic universal 
features, as the intervals between 
consecutive punctuation marks follow a 
discrete Weibull distribution. While this 
mathematical regularity provides a 
valuable tool for quantitative linguistics, its 
application to translated texts remains 
underexplored. Translation alters 
punctuation through the tension between 
preserving source text style and adhering to 
target language structural rules. To 
investigate this, we constructed a 
bidirectional corpus of twenty-eight classic 
twentieth-century novels and their 
authoritative translations, comprising 
Original Chinese (OC), Original English 
(OE), Translated Chinese (TC), and 
Translated English (TE). We modeled 
punctuation intervals across these 
subcorpora using the discrete Weibull 
distribution. Results confirm a good fit 
across all subcorpora, reinforcing cross-
linguistic universality. Parameter analysis 
reveals distinct signatures. Chinese texts 
exhibit lower punctuation frequency and 
higher rhythmic regularity, whereas 
English texts show the inverse. Crucially, 
translation effects are directionally 
asymmetric. Both translation directions 
show movement toward the respective 
target-language norms, but the extent of 
movement is asymmetric. TC shifts 
strongly toward Chinese original norms, 
whereas TE shows only a partial shift 
toward English norms and remains shaped 
by Chinese source-language rhythm. These 
lightweight and interpretable parameters 
may also serve as useful features for 
automatic translationese detection, thereby 
bridging quantitative linguistics and 
practical translation technology. 

1 Introduction 

Punctuation is a fundamental aspect of written 
language that enhances clarity, meaning, and 
expression. It consists of various symbols and 
marks used to organize and structure sentences, 
indicating pauses, emphasis, and relationships 
between words and ideas (Chafe, 1988). The 
proper use of punctuation is important for effective 
communication, as it helps convey the intended 
message accurately and ensures that readers 
interpret the text as intended. 

Beyond its functional role in grammar and style, 
this organizational capacity makes punctuation a 
measurable architectural feature of texts. Such 
structural complexity aligns with the broader view 
of language as a system where “more is different” 
(Anderson, 1972: 393). A small inventory of 
phonemes and letters generates words, which in 
turn form sentences, allowing the full richness of 
semantics to emerge. Quantitative analyses have 
identified a family of statistical laws governing 
these structures. For example, Zipf’s law describes 
word frequency distributions, Heaps’ law relates 
vocabulary size to text length, and the Menzerath 
and Altmann law captures relationships across 
hierarchical linguistic units (Altmann, 1980; Heaps, 
1978; Zipf, 1949). Within this quantitative 
landscape, punctuation has also attracted attention. 
Although punctuation marks differ in nature from 
words, they obey Zipf’s law, and their inclusion in 
frequency analyses restores the power-law scaling 
of word frequency distributions (Kulig et al., 2017). 
Beyond frequency, full stops are the principal 
carriers of long-range correlations in narrative texts 
(Drożdż et al., 2016), confirming that punctuation 
functions not merely as an orthographic convention 
but as a structurally integral component of written 
language. 

An informative approach is to study inter-
punctuation intervals, that is, the number of words 
between consecutive punctuation marks.  Literary 
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texts provide an ideal domain for these quantitative 
investigations. Authors possess stylistic freedom to 
manipulate punctuation for rhythmic and 
expressive purposes, generating a rich diversity of 
interval lengths. This variance effectively captures 
the full statistical spectrum of punctuation behavior. 
Indeed, analyses of literary prose across seven 
major Western languages reveal that these interval 
distributions follow the discrete Weibull 
distribution (Nakagawa and Osaki, 1975) with near 
universal regularity (Stanisz et al., 2023). In 
Western languages, this regularity typically 
emerges when all punctuation marks are 
considered. The two Weibull parameters, p and β, 
encode demonstrably language-specific 
information. English has been reported to be 
among the least constrained languages in placing 
consecutive punctuation marks, with Spanish 
showing a similar tendency, while other languages 
occupy distinct regions of the parameter space 
(Stanisz et al., 2023). This language specificity 
persists even in experimental literary works, 
though texts such as Finnegans Wake present 
thicker distribution tails and a decreasing hazard 
function not observed in typical literary prose 
(Stanisz et al., 2024a). 

Extending this Weibull framework to Chinese 
requires attention to the historical and structural 
specificity of its punctuation system. Unlike 
Western punctuation, which developed organically 
within an alphabetic tradition, modern Chinese 
punctuation was largely imported from the West. 
Systematic adoption occurred only in the 1920s 
and 1930s, and many canonical pre-modern works 
were retroactively punctuated during this period 
(Dolina et al., 2025). This backdrop creates 
quantitative challenges because sentence 
segmentation in Chinese remains unsettled in 
natural language processing (Zhou et al., 2025). 
The historical ambiguity between commas and 
periods often blurs the line between clauses and 
complete sentences, as the Chinese comma can 
function like an English period in many contexts 
(Kong and Zhou, 2014). Furthermore, the minimal 
unit of measurement may be either the individual 
character or the compound word, yielding different 
interval calculations (Liu et al., 2023). 

Despite these structural challenges, quantitative 
analyses confirm that Chinese participates in cross-
linguistic punctuation universality. Dolina et al. 
(2025) indicate that inter-punctuation distances in 
Chinese literary works successfully follow the 

discrete Weibull model. However, larger intervals 
are less frequent than in English translations, which 
is consistent with the tendency of Chinese toward 
longer comma-separated clausal units. Beyond the 
Weibull pattern, Chinese sentence length shows 
high flexibility and supports complex multifractal 
structures, as observed in Gao Xingjian’s Soul 
Mountain. The large-scale study by Liu et al. (2023) 
corroborates that Chinese novels exhibit fractal 
patterns analogous to Western literature, though 
with weaker long-range correlations and a lower 
incidence of multifractality. 

Because the Weibull parameters p and β 
successfully capture these typological profiles, 
they provide a sensitive diagnostic tool for 
translationese. In translation, two opposing 
tendencies operate. Translators tend to preserve 
source language punctuation patterns, while the 
target language imposes its own structural 
constraints (Stanisz et al., 2024b). They found that 
these tensions resolve in favor of the target 
language, shifting a text’s position in the (p and β) 
parameter space toward the region occupied by 
target language originals. However, corpus-based 
studies of specific language pairs reveal that source 
language interference frequently persists. Rodrí
guez-Castro (2011) found that English-to-Spanish 
journalistic translations preserve English period 
and dash patterns, producing a residual source 
language effect. Similarly, Zuo and Dai (2014) 
documented systematic Anglicization in translated 
Chinese, demonstrated by the suppressed 
frequency of the Chinese-specific enumerative 
comma which has no direct English counterpart. 

Taken together, existing studies establish that 
punctuation distributional patterns are universal in 
form yet language specific in parameter values. 
More importantly, they reveal a dynamic tension in 
translated texts between target language 
normalization and source language interference. 
Yet, a bidirectional comparison to untangle these 
conflicting forces remains absent. Prior work has 
been largely unidirectional and preliminary 
(Dolina et al., 2025). Whether English to Chinese 
and Chinese to English translations converge 
asymmetrically toward their respective target 
norms has not been formally modeled. Given the 
vast structural distance between the two 
punctuation systems, these source and target 
pressures likely operate with different magnitudes 
depending on the translation direction. 
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In addition to these insights, the Weibull 
parameters p and β offer lightweight features for 
natural language processing because they encode 
text rhythm independent of vocabulary. They can 
serve as robust features for automatic 
translationese detection and provide novel metrics 
for evaluating rhythmic fluency and source-
language interference in machine translation 
outputs. To address the current research gaps, the 
present study fits discrete Weibull distributions to a 
bidirectional Chinese and English literary 
translation corpus. This corpus comprises four 
subcorpora including English originals, Chinese 
originals, English to Chinese translations, and 
Chinese to English translations. We address two 
primary research questions. First (RQ1), do all four 
subcorpora conform to the discrete Weibull 
distribution? Second (RQ2), if so, do the two 
translation directions exhibit asymmetrical 
convergence in the resulting parameters (p and β)? 

2 Methods  

2.1 Corpus construction  

A bidirectional Chinese-English literary translation 
corpus was compiled comprising 56 texts 
organized into four subcorpora: Original Chinese 
(OC), Original English (OE), Translated Chinese 
(TC, English-to-Chinese), and Translated English 
(TE, Chinese-to-English)  (see Appendix A). 
English source texts were drawn from the Modern 
Library’s 100 Best Novels of the 20th Century, 
while Chinese source texts were drawn from Asia 
Weekly’s Top 100 Chinese Novels of the 20th 
Century, two widely recognized canonical lists that 
ensure the representativeness and literary prestige 
of the selected works. All original novels are 
accompanied by established, authoritative 
translations.  

2.2 Data extraction 

Inter-punctuation intervals (IPIs) are defined in this 
study as the number of words between consecutive 
sentence-terminating punctuation marks. The 
extraction procedure involved three steps. First, 
sentence delimiters were identified. Because the 
linguistic definition of a sentence remains disputed, 
we used the intervals between specific punctuation 
marks as the measurement unit for cross-linguistic 
statistics (Zhou et al., 2025). Following the 
procedure of Dolina et al. (2025), the delimiter set 
was standardized across both languages to include 

the full stop, exclamation mark, question mark, 
semicolon, and ellipsis. Second, word 
segmentation was performed. For Chinese texts, 
the Jieba word segmenter was applied, with all 
punctuation marks excluded from word counts, 
ensuring that IPIs reflect only the segmented word 
tokens between consecutive major punctuation 
delimiters. For English texts, regular expression-
based tokenization was used, which automatically 
excludes non-alphabetic tokens. Lastly, IPIs were 
calculated as the word count between each pair of 
adjacent sentence-terminating marks. Table 1 
presents the corpus composition and the total IPI 
counts for each subcorpus. 

 
Subcorpus Texts Tokens 

(Chars. for 
ZH) 

IPIs 

OC 14 1,237,642 
(2,201,356) 

89,083 

OE 14 1,375,450 113,282 

TC 14 1,387,244 

(2,515,899) 

110,914 

TE 14 1,484,728 111,861 

Total 56 5,485,064 425,140 

Table 1: Corpus composition. 

2.3 Discrete Weibull distribution 

The discrete Weibull distribution (Nakagawa and 
Osaki, 1975) has the probability mass function:  

 
𝑃(𝑋 = 𝑘) = (1− 𝑝)("#1)! − (1− 𝑝)"! , 𝑘 = 1,2,3, … 
 
where p (0 < p < 1) is the scale parameter and β (β > 
0) is the shape parameter. In linguistic terms: 
l p is positively correlated with punctuation 

density: higher p values indicate shorter IPIs 
and more frequent punctuation. 

l β reflects rhythmic regularity: higher β values 
indicate more concentrated distributions and 
more predictable sentence rhythms. 

When the probability of the first success p 
depends on the number of already performed trials 
k, this dependence is called hazard function. For the 
discrete Weibull distribution, the hazard function is 
given by: 
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ℎ(𝑘) = 1− (1− 𝑝)!!"(!"1)! 
 
It represents the conditional probability of 
punctuation after the k-th word, given no 
punctuation in the preceding k-1 positions. When 
β > 1, h(k) increases with k, indicating “sentence 
length pressure”—longer sentences create greater 
urgency for termination. When β = 1, the model 
reduces to the memoryless geometric distribution. 

Parameters were estimated by maximum 
likelihood estimation (MLE), with optimization 
performed using the L-BFGS-B algorithm under 
the natural constraints 0 < p < 1 and β > 0 (Byrd et 
al., 1995). Goodness of fit was assessed mainly by 
the root mean square error (RMSE) between the 
empirical and theoretical probability mass 
functions. Because formal goodness-of-fit tests are 
often overly sensitive in very large samples 
(D’Agostino and Stephens, 1986), we interpreted 
fit quality primarily through RMSE, the closeness 
of empirical and theoretical means, and visual 
agreement between observed and fitted 
distributions. 

3 Results 

3.1 RQ1: Distributional fit 

The discrete Weibull distribution provided good 
fits across all four subcorpora. As shown in Figure 
1, the fitted curves closely track the empirical 
distributions throughout. RMSE values were 
uniformly low (range: 0.0016–0.0036), and 
theoretical means deviated from empirical means 
by no more than 0.07 words in any subcorpus, 
confirming the model’s adequacy for capturing IPI 
distributions across both languages and translation 
conditions. At the individual text level, all 56 texts 
achieved satisfactory fits (mean RMSE = 0.0039), 
showing robustness across texts of varying lengths 
and styles. This high goodness-of-fit indicates that 
the rhythmic chunking of both original and 
translated texts obeys consistent mathematical 
patterns, validating the use of the Weibull 
parameters p and β for further analysis. 

3.2 RQ2: Translation effects and asymmetry 

To understand how the translation process affects 
structural rhythms, we first established the baseline 
differences between the two languages. Mann-
Whitney U tests confirmed that OE and OC differ 
significantly in both parameters. They differ in p, 
which reflects punctuation density and average 

chunk length (U = 33.0, p = .003, d = 1.26), and in 
β, which captures the regularity and predictability 
of rhythmic pacing (U = 170.0, p = .001, d = 1.48). 
This reflects typological differences, as the Chinese 
originals examined here are characterized by 
longer and more regular punctuation-bounded units, 
whereas the English originals show denser 
punctuation and greater rhythmic flexibility. 

Then, the act of translation influences these 
natural patterns. Within the English corpora, TE 
moves substantially away from OE norms, 
showing significant differences for p (U = 161.0, p 
= .004) and for β (U = 30.0, p = .002). By contrast, 
TC remains statistically similar to OC for p (U = 
59.0, p = .077) and for β (U = 125.0, p = .223). 
Moreover, TC and TE do not differ significantly 

 

Figure 1: Weibull fits of punctuation intervals across 
four subcorpora. 
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from each other in p (U = 107.0, p = .696) or in β 
(U = 94.0, p = .872), suggesting a tendency for 
translations from opposite directions to occupy a 
shared intermediate rhythmic space, neither as 
sparse and rigidly paced as native Chinese nor as 
densely punctuated as native English. This 
convergence is consistent with Baker’s (1993) 
leveling-out hypotheses, insofar as the translation 
process appears to neutralize extreme source-
language punctuation profiles and pull texts toward 
a more conservative middle ground. 

While this rhythmic convergence occurs in both 
directions, the underlying translation mechanisms 
driving it are asymmetrical. Wilcoxon signed-rank 
tests on paired source-translation texts reveal a 
directional contrast (Table 2): in the C→E direction, 
translation produces non-significant changes with 
negligible-to-small effect sizes (d = 0.08 and 0.31), 
whereas in the E→C direction it produces highly 
significant, large-effect shifts in both parameters 
(W = 0.0, p < .001, d > 1.2). 
 

Direction Para. W p-value d 

C→E (OC 
vs. TE) p 28.0 .135 0.08 

C→E (OC 
vs. TE) β 23.0 .068 0.31 

E→C (OE 
vs. TC) p 0.0 < .001 1.35 

E→C (OE 
vs. TC) β 0.0 < .001 1.27 

Table 2:  Wilcoxon signed-rank tests by translation 
direction. 

 
This asymmetry is visually captured in Figure 2. 

Arrows from OE source texts to their TC 
translations are markedly longer and strongly 
directed toward the OC norm, representing active 
structural adaptation. In contrast, arrows from OC 
source texts to their TE translations are consistently 
short and loosely directed, visualizing the retention 
of source features. Quantitatively, E→C 
translations shift 87.2% on p and 69.9% on β 
toward Chinese norms at the aggregate level. In 
practical terms, this massive shift means translators 
are adopting the sparser punctuation rhythm of 
Chinese, extending text into longer rhythmic units 
with more rigid pacing. Meanwhile, C→E shifts 
are far weaker, with aggregate shifts of 5.1% and 
21.4%, meaning translators tend not to fully 

restructure the source-language rhythmic pattern 
toward English original norms. A 2 × 2 ANOVA 
with text language (Chinese vs. English) and 
translation status (original vs. translated) as factors 
further supported this interpretation. The 
interaction between text language and translation 
status was significant for both p (F = 10.05, p-value 
= .003) and β (F = 10.66, p-value = .002), 
indicating that the effect of translation differs 
across the two text languages. 

At the process level, hazard function profiles 
corroborate these findings. The hazard ratio 
h(30)/h(10) quantifies sentence-length pressure, 
namely the increasing conditional probability of 
punctuation as an interval grows. Chinese texts 
inherently impose steeper hazard growth than 
English texts, with a ratio of 1.76 in OC versus 1.26 
in OE. During E→C translation, TC shifts toward 
the higher Chinese hazard profile with a ratio of 
1.56, confirming active structural adaptation to the 
Chinese target-language rhythm, in which 

 
Figure 2: Parameter distributions by subcorpus. 
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punctuation is less frequent overall but the 
probability of termination rises more steeply as 
intervals grow longer. Conversely, in C→E 
translation, TE largely retains the high-pressure 
source-language profile with a ratio of 1.70, 
remaining far closer to Chinese than to English 
norms. This limited relaxation of punctuation 
rhythm reflects strong source-language 
interference and structural persistence, where the 
sustained rhythmic pattern of the Chinese source 
text is largely preserved in the English translation. 

4 Conclusion 

This study has shown that the discrete Weibull 
distribution provides a principled and statistically 
robust method for quantifying punctuation rhythm 
in literary translation. Beyond model validity, the 
central finding reveals that translation from English 
to Chinese adapts strongly toward target language 
norms, whereas translation from Chinese to 
English tends to preserve source language features. 
This offers quantitative grounding for directional 
asymmetry in structural adaptation and source 
language interference. 

To ensure methodological rigor and control for 
potential confounding variables, the present study 
focused specifically on twentieth-century literary 
novels. Having established this quantitative 
baseline, future research can expand this analytical 
approach to explore other text genres, historical 
periods, and diverse language pairs. Additional 
potential directions include comparing multiple 
translations of the same source text to isolate 
variations specific to individual translators, as well 
as correlating parameter shifts with translator 
background and training. 

Moreover, the Weibull parameters p and β 
provide a reproducible basis for characterizing 
translation style while offering concrete utility for 
computational applications. For automatic 
translationese detection, these parameters serve as 
lightweight and domain-independent features that 
capture rhythmic deviation without relying on 
surface semantics. Furthermore, this approach 
presents a novel mechanism for text generation in 
large language models. The hazard function h(k) 
can be integrated into the decoding phase as a 
control signal to adjust punctuation probability 
dynamically. This may help models to overcome 
unnatural mechanical rhythms and generate text 
that matches the natural breathing rhythm of 
human writers across specific parameter spaces. 

Ultimately, this analytical approach provides a 
quantitative tool that supports both empirical 
translation research and natural language 
processing tasks. 
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Appendix A: Corpus Text List 

C→E Direction E→C Direction 
半生缘 
Half a Lifelong Romance 

Animal Farm 
动物庄园 

古船 
The Ancient Ship 

Brave New World 
美丽新世界 

呐喊 
Call to Arms 

Lord of the Flies 
蝇王 

围城 
Fortress Besieged 

Of Human Bondage 
人性的枷锁 

城南旧事 
Memories of Peking 

The Age of Innocence 
纯真年代 

家 
Family 

The Catcher in the Rye 
麦田里的守望者 

桑青与桃红 The Grapes of Wrath 

C→E Direction E→C Direction 
Mulberry and Peach 愤怒的葡萄 
活着 
To Live 

The Great Gatsby 
了不起的盖茨比 

红高粱家族 
Red Sorghum 

The Heart is a Lonely 
Hunter 
心是孤独的猎手 

边城 
Border Town 

The Postman Always 
Rings Twice 
邮差总按两遍铃 

酒徒 
The Drunkard 

The Sun Also Rises 
太阳照常升起 

长恨歌 
The Song of Everlasting 
Sorrow 

To the Lighthouse 
到灯塔去 

骆驼祥子 
Rickshaw Boy 

Tropic of Cancer 
北回归线 

黄金时代 
Golden Age 

Under the Volcano 
火山下 

 

 


