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Abstract

This study investigates the impact of clas-
sifiers on language comprehension using
eye-tracking data and the transformer lan-
guage model. Recent research suggests
that classifiers can facilitate the under-
standing of subsequent nouns. However,
quantitative studies exploring the role of
classifiers in language comprehension are
scarce. By analyzing eye-tracking data
from 1.33 million gaze points, we exam-
ine the fixation time differences for nouns
with and without classifiers. Our find-
ings reveal that words with classifiers have
significantly shorter average duration (P
value < 0.05) compared to words with-
out classifiers, with an average reduction
in fixation time of 20.632%. Additionally,
we utilize the transformer language model
BERT to predict masked words based on
language distributions and sentence con-
text. Through word prediction experi-
ments on a data set of 100,000 segmented
and classifier-tagged sentences, we demon-
strate that retaining classifiers significantly
facilitate the prediction of the transformer
language model. Notably, classifiers not
only improve accuracy rates for subsequent
nouns (2.56 times higher), but also for pre-
ceding verbs (1.25 times higher), which
is a novel finding not reported in previ-
ous research. Moreover, measure words ex-
hibit an unexpected and noteworthy capac-
ity to contribute to prediction, while event
classifiers and approximation classifiers of-

fer greater advantages in predicting verb
semantics compared to general individual
classifiers. This observation suggests that
the Chinese classifier system operates as a
lexical-semantic system motivated by on-
tology.

1 Introduction

In languages that incorporate classifiers, the
omission of classifiers from a sentence does
not significantly impact comprehension. For
instance:

1a. 桌上有一张 (CL) 纸。
zhuō shàng yǒu yī zhāng (CL)
zhǐ.
There is a piece (CL) of paper on
the table.

1b. 桌上有一纸。

zhuō shàng yǒu yī zhǐ.
There is a paper on the table.

Despite the absence of the classifier “张”
(zhāng - piece), 1b remains intelligible, and
the difference in meaning between 1a and 1b
is minimal. Does this mean that classifiers are
not useful?

The answer is no. Recent studies have re-
vealed that classifiers can improve the predic-
tion of subsequent nouns that share a classifier
(Kwon et al., 2017; Chou et al., 2014; Srini-
vasan, 2010). Consider the following example:



2a. 男人喜欢一小瓶 (CL) [MASK]
陪自己的哥们。

nánrén xǐhuān yī xiǎo píng (CL)
[MASK] péi zìjǐ de gēmen.
Men like a small bottle (CL) of
[MASK] to accompany their bud-
dies.

2b. 男人喜欢一小 [MASK] 陪自己
的哥们。

nánrén xǐhuān yī xiǎo [MASK]
péi zìjǐ de gēmen.
Men like a small [MASK] to ac-
company their buddies.

In 2a, the presence of the classifier “瓶”
(píng - bottle) facilitates the inference that the
word hidden with [MASK] likely denotes wine
or beer. Conversely, in 2b, the absence of the
classifier introduces a range of possibilities for
the word hidden with [MASK], such as a plate
of fries, a cup of coffee, a cigarette, or a bottle
of wine, etc. In this case, the presence of the
classifier simplifies the prediction process and
reduces ambiguity.

1.1 Research Gap

In the past three decades, research on the func-
tion of classifiers has predominantly relied on
corpora or surveys (Allan, 1977; Tai, 1994;
Wu and Bodomo, 2009; Cheng and Sybesma,
2012; Chen et al., 2022; Wang and Walther,
2023). However, with the advancement of
Event-Related Potentials (ERPs), several neu-
rological measurement studies have emerged
(e.g., Chou et al., 2014; Kwon et al., 2017).
These studies consistently demonstrate that
the mismatch between classifiers and predicted
words influences the N400 effect in the human
mind. The N400 effect demonstrated a graded
response among the mismatching classifiers,
with a smaller effect observed for classifiers

that were semantically related to the predicted
word compared to classifiers that were seman-
tically unrelated. These findings provide fur-
ther evidence for the importance of classifiers
in processing subsequent nouns.

Previous literature has provided valuable in-
sights into the function of classifiers, but a
research gap remains in understanding their
effects on sentence comprehension.

1. There is a notable lack of quantitative
studies focusing on cognitive aspects
that investigate how the presence or ab-
sence of classifiers affects word prediction
and comprehension in sentences.

2. There is a lack of research exploring the
relationship between the function of clas-
sifiers and the verbs that govern them.

3a. 我刚刚 [MASK]了一班 (CL)
飞机。

wǒ gānggāng [MASK] le yī
bān (CL) fēijī.
I just [MASK] a scheduled de-
parture (CL) of plane.

3b. 我刚刚 [MASK] 了一飞机。
wǒ gānggāng [MASK] le yī
fēijī.
I just [MASK] a plane.

In 3a, the inclusion of the classifier “班”
(bān - schedule) provides a strong indica-
tion that the word hidden with [MASK]
likely represents the action “took”. Con-
versely, in 3b, the omission of the classifier
introduces a broader range of possibilities
such as “saw a plane”, “took a plane” or
even “bought a plane”, etc. This example
illustrates that the presence of the classi-
fier can also impact the comprehension of
preceding verbs in the sentence.



3. There is no research on the variations
in the influence on word prediction and
understanding among different types
(Chen et al., 2022) of Chinese clas-
sifiers. For example:

Figure 1: Examples of different types of Chinese
classifiers

These classifiers possess distinct mean-
ings, and it would be inappropriate to
make a simplistic inference that they have
identical semantic influences.

1.2 Research Questions

To address these research gaps, this article
investigates the role of Chinese classifiers in
sentence processing by employing eye tracking
and the transformer language model.

The study employs eye tracking data to pro-
vide a quantitative measure of human sentence
comprehension, focusing on the cognitive as-
pect of classifier research. Additionally, a
transformer language model is utilized to in-
vestigate the machine aspect of classifier re-
search, specifically analyzing big data on con-
textualized embeddings. The research ques-
tions are:

1. What is the impact of Chinese classifiers
on noun processing in humans?

2. How does the presence or absence of clas-
sifiers affect word prediction performance
in Chinese sentences?

3. What are the variations in the influence
on word prediction among different types
of Chinese classifiers?

2 Eye Tracking Experiment

The duration of eye movement reflects the time
required for humans to comprehend sentences.
And it can be seen as a measure of process-
ing complexity and cognitive load. Our exper-
iment is to compare the fixation time differ-
ences for nouns with and without classifiers.
In this paper, duration refers to the first fixa-
tion duration (Hollenstein et al., 2021), calcu-
lated from subtracting onset time from offset
time.

2.1 Data

The dataset we use is The Database of Eye-
Movement Measures on Words in Chinese
Reading (Zhang et al., 2022) which contains
1,718 participants, 8,015 Chinese sentences,
and nearly 1.4 million fixations. It calcu-
lates nine eye-tracking metrics for 8,551 Chi-
nese words. After preprocessing, we obtain
a dataset where words are arranged in natu-
ral sequences and accompanied by their corre-
sponding duration times. The data example is
presented as Figure 2.

Figure 2: Example of the eye-tracking dataset with
natural word sequences and corresponding dura-
tion

2.2 Methods

To assess the impact of classifiers, we will com-
pare the average duration of words accompa-



Figure 3: Example of the experiment task

nied by classifiers to the average duration of
the same words without classifiers. These mea-
surements will be conducted within the con-
text of natural sentences (Figure 3). Due
to the involvement of multiple participants in
this dataset, variations in fixation time may
occur among individuals. To enhance the re-
liability of the findings, we focused on words
that were accompanied by classifiers at least
five times and and calculated the average fixa-
tion time.

2.3 Results

From the dataset, we collected data on 29
nouns that appeared after classifiers more than
5 times. Among these nouns, there were a to-
tal of 242 fixations recorded on words that ap-
peared after classifiers, while there were 1335
fixations on the same words without classi-
fiers. We conducted statistical analyses to
compare the average duration of the 29 nouns
with classifiers and the average duration of
the same nouns without classifiers. Due to
the non-normal distribution of the data and
the independent nature of the two groups (as
they come from different sentences in natural
sequences), we employed the Wilcoxon rank-
sum test to determine the significance. With
Wilcoxon rank-sum test (statistic: -2.43, P
value: 0.015), the analysis revealed that the
average duration of a word with classifiers is
significantly shorter (P value < 0.05)
than the average duration of the same word

without classifiers. On average, the fixation
time for nouns with classifiers is reduced by
20.632%.

Figure 4: Example of results

2.4 Exception Analysis

Despite the overall finding that the average du-
ration of a word with classifiers is significantly
shorter, there are certain exceptions where
nouns exhibit longer fixation times when ac-
companied by classifiers.

时间 shíjiān time
事情 shìqing thing
电脑 diànnǎo computer
画 huà painting
电视剧 diànshìjù drama
皮毛 pímáo limited knowledge
业务员 yèwùyuán salesman
画家 huàjiā painter

We conducted a comprehensive analysis of
all exceptions present in the dataset and found
that they can be categorized into two distinct
situations.

Figure 5: Example of exceptions for longer fixation
time with classifiers

1. The nouns are “时间” (shíjiān - time) or
“事情” (shìqing - thing/event) which are
light nouns. They do not have too much



semantic content. People have to com-
bine aforementioned contexts to under-
stand them. It takes more fixation time.

2. These nouns are found in the structure of
“这/那 (zhè/nà - this/that - demonstra-
tive pronouns) + Classifiers + Noun” at
the beginning of a sentence. People re-
quire additional time to determine the ref-
erent of this demonstrative structure. For
instance, when encountering the phrase
“这部电视剧” (zhè bù diànshìjù - this
drama), individuals need time to retrieve
the specific TV drama in the mind that
this structure refers to (Figure 5).

The two situations can be accounted for by
a single factor, namely co-reference resolution.
By employing co-reference resolution, it is pos-
sible to provide a potential explanation for the
observed exceptions. The processing of lan-
guage by individuals is a complex process in-
volving multiple factors. On the one hand, the
inclusion of classifiers can reduce the fixation
time. On the other hand, the task of resolving
co-reference requires additional fixation time
for individuals to comprehend. Consequently,
this results in an overall increase in fixation
time.

This phenomenon is intriguing. Given the
constraints of the current study, investigating
the intricate system of human language pro-
cessing and exploring the multitude of factors
involved, as well as their interactions, will be
the subject of our future investigations.

2.5 Summary

The eye tracking experiment suggests that
classifiers play a beneficial role in language
processing for humans, aiding in the compre-
hension of language. On average, the fixation

time for nouns with classifiers is reduced by
20.632%.

3 Transformer Language Model
Experiment

To investigate the impact of classifiers on word
prediction performance at a large scale, we em-
ploy the transformer (Vaswani et al., 2017)
language model, specifically BERT (Bidirec-
tional Encoder Representations from Trans-
formers) (Devlin et al., 2019), to predict
masked words. BERT was selected due to
its bidirectional nature and training method-
ology using masked language modeling, which
aligns perfectly with our experiment’s objec-
tive of predicting masked words. Our exper-
iment aims at comparing the performance of
BERT when the input includes classifiers ver-
sus when it does not.

It is worth noting that a previous research
paper, (Järnfors et al., 2021), focused on how
BERT performs in choosing classifiers based
on contextual cues. However, our research dif-
fers from their primary focus: our research
specifically focuses on assessing the impact of
classifiers on word prediction performance.

3.1 Data

The dataset we use is the Chinese Classi-
fier Dataset (Peinelt et al., 2017) which con-
tains more than 100 million sentences illustrat-
ing the usage of Chinese classifiers, sourced
from three language corpora: the Mandarin
Lancaster Corpus, the UCLA Written Chi-
nese Corpus, and the Leiden Weibo Corpus.
The data has been cleaned and processed for
context-based classifier prediction tasks.

After preprocessing the data, we obtain the
experimental dataset consisting of masked sen-
tences with target word and classifiers.



Figure 6: Example of Chinese Classifier Dataset

Figure 7: Example of preprocessed experimental
dataset

3.2 Methods

We conducted two experiments using word-
level BERT (wobert_chinese_base) to predict
subsequent nouns and preceding verbs in two
different environments: one with classifiers
and one without classifiers (they are the same
sentences with the only difference being a clas-
sifier). The input for both experiments is the
masked sentence, and the output is the pre-
dicted word for the masked position.

To analyze the results, we compare accu-
racy, perplexity of the predictions, and seman-
tic similarity between the words predicted by
BERT when using the MASK token and the
target word. The accuracy measures how often
the predicted word matches the target word,
while the perplexity measures how well the lan-
guage model predicts the target word given
the context, and the semantic similarity as-
sesses the closeness of meaning between the
two words.

3.3 Results

Through word prediction experiments on a
dataset containing 100,000 segmented and
classifier-tagged sentences, we demonstrate
that among 100,000 sentences retaining the
classifier the semantic similarity between pre-
dicted words and target words are signifi-
cantly (Wilcoxon signed rank test, P
value < 0.01) higher compared to cases

Figure 8: Example of the prediction experiment

without the classifier. We chose the Wilcoxon
signed rank test due to the non-normal distri-
bution of the data and the paired nature of
the observations. Additionally, we observed
that the prediction accuracy and average per-
plexity also improved with the presence of the
classifier.

3.3.1 Results for Predicting Nouns

Notably, the prediction accuracy for nouns
following a classifier is 2.56 times higher
than for nouns without a classifier (49.89% vs.
19.48%). Furthermore, the average perplex-
ity when using classifiers (5.43) is significantly
lower than the perplexity without classifiers
(7.01) (lower perplexity indicate more certain
in its prediction). Additionally, when utiliz-
ing classifiers, among 100,000 sentences, we ob-
serve a significantly higher (Wilcoxon signed
rank test, P value < 0.01) semantic similarity
between the words predicted by BERT using
the MASK token and the target words, com-
pared to scenarios without classifiers. On aver-
age, the semantic similarity scores were 0.9642
and 0.9396, respectively.

Nevertheless, it is intriguing to note that
measure words display an unexpected
and noteworthy capacity to contribute
to prediction, despite being traditionally as-



Figure 9: Example of noun prediction results

sociated with counting or measuring rather
than classifying, as suggested by scholarly dis-
course. This is a phenomenon that has not yet
been well discussed within scholarly literature.

Figure 10: Example of classifier performance in
noun prediction

For instance, the container measure word
“杯” (bēi - glass) exhibits a substantial influ-
ence on noun prediction. In the presence of
“杯”, the accuracy of predictions amounts to
13, whereas in its absence, the accuracy dimin-
ishes to merely 4, resulting in a noteworthy
ratio of 3.25. This dataset encompasses vari-
ous other measure words that similarly exert
a profound impact on enhancing noun predic-
tion, such as “片” (piàn - piece) and “滴” (dī -
drop), among others.

3.3.2 Results for Predicting Verbs

Regarding the prediction of verbs preceding
classifiers, our analysis reveals that among
100,000 sentences, retaining the classifier re-
sults in a significant increase (Wilcoxon
signed rank test, P value < 0.01) in the
semantic similarity between predicted words
and target words. And on average, the seman-

tic similarity scores were 0.961 and 0.957, re-
spectively. Furthermore, the prediction accu-
racy is also higher when classifiers are retained,
reaching 1.25 times that of cases without the
classifier (54.36% vs. 43.42%). Additionally,
the average perplexity when classifiers are em-
ployed (4.27) is notably lower compared to
cases without classifiers (5.34).

Moreover, it is worth noting that event clas-
sifiers and approximation measure words offer
greater advantages in verb semantic prediction
as compared to general individual classifiers.

Figure 11: Example of classifier performance in
verb prediction

For instance, among the top 10 classifiers
that exhibit a significant influence on verb pre-
diction, 7 of them are event classifiers or ap-
proximation measure words. These particular
classifiers play a crucial role in accurately pre-
dicting verbs.

3.4 Exception Analysis

Exceptions occur when the meaning of clas-
sifiers is highly generalized and abstract,
lacking sufficient semantic information. Out
of the 10,000 sentences analyzed, it was
found that in 775 sentences where classifiers
were present, the prediction performance
for nouns was worse compared to sentences
without classifiers. Similarly, in 613 sentences
with classifiers, the prediction performance
for verbs was worse compared to sentences
without classifiers. Notably, the three main



Figure 12: Example of exceptions for worse perfor-
mance in noun prediction with classifiers

Figure 13: Example of exceptions for worse perfor-
mance in verb prediction with classifiers

classifiers associated with these exceptions
are “个” (gè), “种” (zhǒng), and “次” (cì).
These classifiers are typical general classi-
fiers that lack specific semantic information.
个 gè a classifier used to count individ-

uals or objects
种 zhǒng a classifier used to count types,

kinds, or species
次 cì a classifier used to count occur-

rences of an action or event

3.5 Summary

After conducting large-scale investigations,
the results indicate that the inclusion of clas-
sifiers can facilitate the prediction of trans-
former language models not only on subse-
quent nouns but also on preceding verbs.

4 Discussions

This section will address two key questions
that require further discussion.

1. Why can Chinese classifiers affect word

prediction performance not only for nouns
but also verbs?

2. Why measure words also display an un-
expected and noteworthy capacity to con-
tribute to prediction?

One possible explanation is that the Chi-
nese classifier system operates as a lexical-
semantic system that is ontologically
motivated (Chen et al., 2022). It takes
into consideration not only the perceptual at-
tributes of objects but also factors such as
functionality, event structure, and other fac-
tors (formal, constitutive, telic, participant,
event participating, descriptive, and agentive
(Huang, 2013)).

For instance, the classifier “件” (jiàn - a
piece) exemplifies the formal aspect of the
noun “衣服” (yīfu - clothes), while the classi-
fier “班” (bān - schedule) represents the event
participating aspect of the noun “飞机” (fēijī
- plane). This is why we are able to predict
phrases like “买件 [MASK]” (buy a piece of
[MASK]) and “[MASK] 一班飞机” ([MASK] a
flight) with the help of classifiers.

The underlying ontology of classifiers assists
us in language processing.

5 Conclusion

This paper investigates the role of Chinese clas-
sifiers in sentence processing through the uti-
lization of eye tracking and the transformer
language model. The study reveals three pri-
mary findings:

1. Classifiers have a beneficial impact on lan-
guage processing for humans. On average,
the fixation time for nouns with classifiers
is reduced by 20.632%.

2. Classifiers can facilitate the prediction of
transformer language models, not only



for subsequent nouns (with a 2.56 times
higher accuracy rate) but also for preced-
ing verbs (with a 1.25 times higher accu-
racy rate).

3. Different types of classifiers exhibit vary-
ing abilities to improve prediction. For
example, measure words exhibit an unex-
pected and noteworthy capacity to con-
tribute to prediction; event classifiers
demonstrate better performance than typ-
ical individual classifiers when predicting
verbs, etc.

6 Limitations

Despite the promising results obtained in our
data analysis, there are still several areas that
require further improvement.

1. This paper utilizes eye tracking and trans-
former language models, but the integra-
tion between them is still superficial.

2. Language processing in humans is a com-
plex system involving multiple factors
such as classifiers and co-reference reso-
lution. It is important to qualitatively in-
vestigate the impact of different factors
on language comprehension and their in-
terplay.

3. While this paper explains classifiers theo-
retically, it lacks exploration in practical
applications, such as designing a system
for learning classifiers and using classifiers
to detect cognitive impairments and re-
lated disorders, etc.
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