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Abstract

Recent studies suggested that language mod-
els are efficient tools for measuring lexical se-
mantic change. In our paper, we present the
compilation of the first graph-based evaluation
dataset for semantic change in the context of
the Chinese language, covering the periods be-
fore and after the Reform and Opening Up.

Exploiting the existing framework DURel, we
collect over 61,000 human semantic related-
ness judgments for 40 targets. The inferred
word usage graphs and semantic change scores
provide a basis for visualization and evaluation
of semantic change.

1 Introduction

Lexical semantic change detection, i.e. measur-
ing meaning changes across different timespans,
gained substantial popularity with the growing
availability of historical corpora and language mod-
els (Hamilton et al., 2016; Tahmasebi et al., 2019;
Montanelli and Periti, 2023; Kutuzov et al., 2018;
Schlechtweg et al., 2020; Zamora-Reina et al.,
2022), mostly for English and for other Indo-
European languages.

The increasing number of published evaluation
datasets further fostered the domain, enabling dif-
ferent models and hyperparameters to be quan-
titatively tested on the same benchmarks (Kutu-
zov et al., 2022; Schlechtweg et al., 2021; Aksen-
ova et al., 2022; Chen et al., 2022; Zamora-Reina
et al., 2022; Basile et al., 2019). These datasets
are predominantly constructed within the frame-
work of Diachronic Usage Relatedness (DURel),
wherein changing scores are generated by calculat-
ing human ratings on semantic relatedness across
a variety of usage pairs for targets (Schlechtweg
et al., 2018; Rodina and Kutuzov, 2020; Chen

et al., 2022). In the extended DURel framework,
namely Diachronic Word Usage Graphs (DWUGs)
(Schlechtweg et al., 2021, 2020), the usages could
be further populated through Word Usage Graphs
(WUGs) for visualization (McCarthy et al., 2016;
Kutuzov et al., 2022).

To foster the development of lexical semantic
change detection in Chinese, we constructed the
first graph-based evaluation dataset, namely Chi-
WUG, following the DURel framework for the hu-
man judgments collection. Based on the collected
61k human judgments for 40 targets, we populated
40 WUGs to visualize usage changes preceding and
following the context of the Reform and Opening
Up, one of the most important milestones in the
recent history of China. 1

2 Related Work

Instead of categorizing words into changed and
unchanged (Basile et al., 2020; Tang et al., 2013,
2016), the DURel framework adopted a graded
view towards semantic change that words may ex-
hibit varying degrees of semantic change. This is
achieved by comparing the semantic relatedness tar-
gets in usage pairs on a scale of 1 to 4 (Schlechtweg
et al., 2018), referring to semantic proximity from
homonymy to identical usages. Specifically, usage
pairs are assembled with contexts from periods of
interest.

In the original DURel framework, three groups
of usage pairs are assembled for a two-period set-
ting, pairs consisting of two sentences from the
same period and pairs having usages from each
period (Schlechtweg et al., 2018). The extended

1The Reform and Opening Up period coincided with a
series of policies implemented around 1978 to modernize the
Chinese economy and engage with the global market.
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DWUGs allow us to categorize these usages into
different groups by clustering, and groups proxi-
mately refer to different senses of a word. Through
comparing the derived clusters from periods of in-
terest, DWUGs allows us to easily measure the
changes of sense distributions, i.e. loss and gain of
senses and the turnover of usage dominance, which
goes beyond the pure ‘degree of changes’ offered
by the original DURel framework (Schlechtweg
et al., 2021).

The DURel framework and its extension
DWUGs have been applied to constructing eval-
uation datasets for a variety of languages, such
as English, Swedish, German, and Latin released
in the SemEval 2020 (Schlechtweg et al., 2020),
and later for Russian, Norwegian, Spanish, and
Chinese (Rodina and Kutuzov, 2020; Kutuzov and
Pivovarova, 2021; Kutuzov et al., 2022; Zamora-
Reina et al., 2022; Chen et al., 2022). Since the
nature of this paradigm is to measure usage dif-
ferences between sentence pairs, it has also been
extended to the construction of synchronic disam-
biguation datasets (Aksenova et al., 2022; Hätty
et al., 2019) and to diatopic variation (i.e., usage
differences across regional variations) (Baldissin
et al., 2022).

3 Data

Building on the previous work by Chen et al.
(2022), which collected human judgments for 20
targets following the DURel framework, we expand
the data size and obtain the DWUGs to have a more
comprehensive evaluation dataset for Chinese.2

3.1 Corpus
The corpus exploited in this study is derived from
People’s Daily 3, one of the most popular news-
papers in China, which covers a wide range of
topics. It is, to our knowledge, the largest contin-
uous dataset with significant diachronic coverage
that can be freely accessed. It covers the period
from 1954 to 2003. All newspaper articles are in
a Markdown format and are sorted into different
temporal folders based on the release date.

More specifically, we take the year of the Reform
and Opening Up as the borderline and divide all
coverage into two subcorpora according to the re-
leasing date information. One subcorpus contains

2Find the dataset at: https://zenodo.org/records/
10023263.

3The People’s Daily Newspaper Dataset:
https://github.com/fangj/rmrb.

all coverages from 1954 to 1978, and the other from
1979 to 2003. Table 1 summarizes word token/type
information for the two sub-corpora. 4

Period Word Token Word Type TTR

1954 – 1978 1.27× 108 46,743 0.368
1979 – 2003 1.66× 108 58,376 0.351

Table 1: Statistics of two subcorpora. TTR = Type-
Token ratio (Types/Tokens * 1000)

3.2 Target Words

To select targets, we first consulted Chinese linguis-
tic studies on semantic change, with an emphasis
on the period proceeding and following Reform
and Opening Up (刁晏斌, 1995; 林伦伦, 2000;
于根元, 1992, 1994; 熊忠武, 1982; Tang et al.,
2013, 2016; Tang, 2018). Considering the size and
genre of our historical dataset, we only kept these
candidates with validated senses recorded in the
dictionaries. We do so by checking whether the
mentioned emergent senses/usages were stabilized
and absorbed into the standard Mandarin, relying
on one of the most influential dictionaries in Mod-
ern Chinese (Department of Chinese Lexicography,
2019).

For example, ‘病毒’(bingdu, virus) developed a
new sense roughly in the 1970s, relating to the com-
puter virus, due to the introduction of the computer
into the Chinese market (刁晏斌, 1995; Hamilton
et al., 2016). However,困难 ‘kun nan, difficulty’
was recorded its usage as ‘unattractive appearance’
(刁晏斌, 1995), while such usage is neither much
attested in the data nor recorded in dictionaries.

We further filtered those candidates with a nor-
malized frequency of less than 1 in each period,
specifically one from 1954 to 1978 (the EAR-
LIER period) and the other from 1979 to 2003
(the LATER period).

Through such procedures, we identified a list
of 20 changed words recorded in the linguistic lit-
erature as targets for constructing our evaluation
dataset. Specifically, the list contains 11 verbs,
4 adjectives, and 5 nouns. We also selected an
equal number of filler words as negative examples,
only considering words of the same part of speech
and comparable frequency in each period. Mean-
while, the same semantic field, with reference to

4Words averaging less than one occurrence in a one million
tokens sample would be removed.
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the dictionary ‘Tongyici Cilin’(梅家驹, 1984), is
also preferred if the first two criteria are met.

In sum, the evaluation dataset has 40 targets,
including 20 changed words and 20 filler words.
The changed words in this version have 9 out of 10
changed words in Chen et al. (2022) and the left
one was filtered out due to frequency constraints.
In general, the current ChiWUG dataset doubled
the size of the target words.

3.3 Usage Pairs
To obtain semantic change scores, we first contex-
tualized target words by providing actual usages
in the historical dataset introduced in Section 3.1
and then asked native speakers to judge usage dif-
ferences in the compared settings.

We first randomly sampled 40 sentences con-
taining a target in each period from the dataset as
sentence candidates and then removed those with
insufficient contexts or/and having word segmenta-
tion errors after manual checking by the first author.
In total, each target word has two groups of sam-
pled sentences, containing 20 sentences from the
EARLIER period and 20 from the LATER period 5.
Table 2 summarizes the general statistics regarding
the sampled sentence pairs.

In theory, each sampled sentence would be au-
tomatically paired with each one of the other 39
sentences for comparison in the DWUG paradigm.
Therefore, each target would have (n(n − 1))/2
pairs, i.e. (40 ∗ 39)/2, 780 pairs to be compared.

Targets Sentences Pairs Avg Tokens per Sent.

40 1600 31,200 53.39

Table 2: Statistics of usage. Avg Tokens per Sent. refers
to the average number of characters in sampled sen-
tences.

4 Human Annotation

To collect human judgments, we recruited four na-
tive speakers of Mandarin as annotators. All the
annotators are graduate students from the Faculty
of Humanities, specializing in Chinese Linguistics.
They were invited to experiment on the DURel plat-
form after passing a tutorial specific to the Chinese
lexical semantic change task 6. Before the tutorial,

5The temporal information for all sentences is recorded in
the meta-data, but would be invisible to annotators.

6The DURel interface: https://durel.ims.uni-stuttgart.de/.
For the Chinese version of the guideline of this task:
https://durel.ims.uni-stuttgart.de/guidelines?lang=ch

we arranged a meeting for instructions.
After passing the tutorial, annotators were asked

to indicate their intuitions on how semantically
related a target was used in two displayed contexts
in the ‘official’ annotation work. Targets would be
highlighted, and options for judgments on a scale
from identical (完全一致) to unrelated (不相关)
are listed in the left bar, as shown in Figure 1. 7.

Figure 1: The annotation interface for Chinese

Besides assigning scores from 1 (unrelated mean-
ings) to 4 (identical meanings) for semantic related-
ness, they are also allowed to ‘discard’ usage pairs
by giving the ‘0’ score if the current pair is hard
to understand due to the ambiguity of contexts or
word segmentation errors. They are also encour-
aged to ‘pause’ the annotation process during the
annotation after a period of annotation (around 30
minutes) to avoid excessively long sessions and
keep their judgments as consistent as possible.

Due to the heavy load of annotation, the data
was split in half, and each pair of annotators took
one half consisting of 10 changed words and 10
fillers for annotation. We finally collected over
61,000 judgments from four annotators, after re-
moving those judgments with a score of zero, that
is, discarded pairs.

The weighted mean pairwise Spearman score
for inter-rater agreements is 0.691, and the Krip-
pendorff’s alpha is 0.602, which are quite high if
compared to other DURel datasets (Schlechtweg
et al., 2021, 2020, 2018; Erk et al., 2013; Chen
et al., 2022). For more statistics, see Table 3.

5 Graph Representations

Based on human judgments collected from
the procedures described previously, we follow
Schlechtweg et al. (2021, 2020) to aggregate the
scores per usage pair as their median for populating

7More details: https://durel.ims.uni-
stuttgart.de/guidelines?lang=zh
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Periods n N/V/A |U| AN JUD AV SPR K

1954-2003 40 10/22/8 1,599 4 61k 2 .691 .602

Table 3: Statistics of target words in ChSemShift. n =
the number of usages, N/V/A = the number of nouns,
verbs and adjectives, |U | = the total number of usages.
One usage pair was discarded during the annotation
due to the context ambiguity. AN = the number of
annotators, JUD = the number of judgments, AV =
the average number of annotations per usage pair, SPR
= weighted mean of pairwise Spearman score, K =
Krippendorff’s alpha.

WUGs, where usages with the same senses would
be grouped together by performing the correlation
clustering (Bansal et al., 2004). To populate WUGs
with dense clusters, we took usage pairs with scores
3 and 4 as the same sense, while scores 1 and 2
were considered as different senses.8

Figure 2 and Figure 3 are inferred word usage
graphs for 病毒 bingdu (‘virus’) and 下海 xia-
hai (‘go into the sea’ or ‘to venture’), respectively.
Nodes in the same color are clustered as the same
sense, and subgraphs from the left to the right show
the clusters/senses changes. In Figure 2, the right
subgraph reveals the emergence of a new usage
denoted by nodes in orange. By delving into the
contexts associated with the orange-labeled usages
9, we discern that病毒 (bingdu) acquired a fresh
sense, namely ‘computer virus’, during the second
period, diverging from its earlier associations with
‘viral infections’.

Similarly, Figure 3 highlights the emergence of
a new sense characterized by orange nodes, which
are later confirmed as ‘to venture’, besides its origi-
nal sense ‘go into the sea’. Furthermore, this emer-
gent sense exhibits increased usage dominance in
our samples, as evidenced by the greater presence
of orange nodes in the LATER period.

6 Quantifying Changes: Metrics for
Semantic Change

The DWUG paradigm obtains both graded change
scores and binary change. We utilize two graded
metrics: the Jensen-Shannon Distance on clus-
ter frequency distributions (usually referred to as
"graded change") as well as the COMPARE met-

8We use the WUG pipeline with default opt parameters
to generate graphs, cluster them and compute statistics and
change scores: https://github.com/Garrafao/WUGs.

9Clicking the nodes in the DURel platform would display
the full context embedded in each node.

Figure 2: Word Usage Graphs of病毒 bingdu, ‘virus’ in
the EARLIER period left and the LATER period right).
Colors label different clusters/senses, and nodes are
different usages.

Figure 3: Word Usage Graphs of下海 xiahai, ‘go into
the sea’ or ‘to venture’ in the EARLIER period left
and the LATER period right). Colors label different
clusters/senses, and nodes are different usages.

ric, calculated solely from edge weights. Binary
change is instead based on the presence or absence
of clusters across the two periods (Schlechtweg
et al., 2018, 2020; Zamora-Reina et al., 2022).

COMPARE Metric The COMPARE metric C
was proposed to directly compare the mean of
weights where usages are from two different pe-
riods W1,2, as shown in Eq. (1). A higher value
yielded from the COMPARE metric indicates more
stable words, while a lower value suggests a higher
degree of meaning change (Schlechtweg et al.,
2018; Schlechtweg, 2023).

C(W1,2) =
1

|W1,2|
∑

x∈W1,2

x (1)

Jensen-Shannon Distance (Graded Change)
After populating clusters, the frequency of sense
distributions in two periods can be easily identi-
fied. To quantify the probability changes of sense
distributions, the Jensen-Shannon Distance (JSD)
is adopted to measure the change score between
two normalized cluster frequency distributions
(Schlechtweg, 2023), as shown in Eq. (2). The JSD
is the symmetrized square root of the Kullback-
Leibler Divergence (Lin, 1991). A higher JSD indi-
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Figure 4: Change scores inferred on the WUGs resulting from our annotation. The COMPARE score was mapped
with f(x) = 1− 1

3 (x− 1) to fit the range of the other scores and to follow their direction (higher values mean more
change).

cates a higher degree of usage change while a lower
one suggests more stable usage across periods of
interest.

JSD(P,Q) =

√
KLD(P∥M) +KLD(Q∥M)

2
(2)

where:

KLD(P∥Q) =
K∑

i

log2(
pi
qi
), M =

(P +Q)

2

Binary Change The DWUG paradigm also en-
ables us to detect binary change, defined as the gain
or loss of clusters/senses. It is defined as:

B(w) =





1 if for some i,Di ≤ k and Ei ≥ n,

or vice versa.
0 otherwise

where Di and Ei respectively the frequency of
sense i in the two periods, and k and n are lower
frequency thresholds to control the handling of
noise (Schlechtweg et al., 2020), which we set to
k = 1 and n = 3.

Figure 4 demonstrates the change scores obtained
on our data. Graded change and the COMPARE

metric are strongly correlated (cf. Schlechtweg,
2023, pp. 63–64). Both scores in turn correlate
with binary change. However, examples such as
软 ruan show that without binary change there can
be considerable graded change. Similarly, words
showing binary change can have varying degrees
of graded change: 下海 xiahai, ‘go into the sea or

‘to venture’ demonstrate higher graded change than
e.g. 病毒 ‘bingdu, virus’ in Figure 4. Figure 2 and
Figure 3 demonstrate their gaining of a new sense,
respectively.

7 Conclusion

This study presents the first graph-based evalua-
tion dataset for Chinese lexical semantic change
constructed following the DWUG paradigm. It
populates 40 word usage graphs based on more
than 61k human judgments on contextual semantic
relatedness between sentence pairs.

With its comparably high inter-rater agreement
and dense clusters post-processed by clustering, we
assume this high-quality evaluation dataset could
be included in the shared evaluation datasets to
foster Lexical semantic change detection in Chi-
nese. Meanwhile, the inferred WUGs themselves
are interesting for linguistic studies.
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Limitations

We acknowledge that the periods we investigated
were confined to a relatively short period of Chi-
nese history, primarily spanning from the 1950s to
the 2000s. Moreover, the analysis was concentrated
on a specific regional source, utilizing a dataset
derived from newspapers. While this scope is suf-
ficient to unveil certain changes, it’s imperative
to acknowledge that the observed changes might
merely represent a fraction of the broader evolu-
tionary path. Changes identified within the current
dataset could potentially be magnified or narrowed
when explored within alternative data sources.
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