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Abstract 

Unlike alphabetic language, Chinese is an ideographic language that does not contain spaces between words. Chi-
nese readers must develop unique segmentation strategies for word recognition and reading comprehension. This 
study explored the role of format familiarity and semantic transparency in Chinese reading, reflecting the segmenta-
tion strategy and word processing characteristics in Chinese reading. Forty undergraduates read Chinese in familiar 
and unfamiliar formats, segmenting target words into semantically transparent and semantically opaque words. We 
used Eye Link 1000 to measure readers’ eye movement index, which can reflect processing characteristics of word 
recognition in Chinese reading. The following findings were made: (1) Familiarity with the text format affects Chinese 
reading performance. The fixation time in the familiar direction is short, the skipping rate is high, and the processing 
efficiency is higher when the fixation point is close to the word center; (2) Semantic transparency affects the segmen-
tation strategy and word processing in Chinese reading. Chinese readers have shorter fixation times, higher reading 
efficiency, and a fixation point closer to the word center when reading semantically transparent words. It supported 
the combined access model. (3) There is significant interaction in the early eye movement indicators, represent-
ing word processing characteristics in the early stage of Chinese reading. Specifically, the semantic-transparency 
effect appeared under a familiar rather than an unfamiliar format. The format familiarity effect was found in the early 
processing indexes of transparent words rather than opaque words. In the familiar format, since the meaning 
of the morpheme and the whole word of transparent words is consistent, readers tend to segment and process 
them as whole words. Due to the lack of reading experience, the reading difficulty increases in the unfamiliar format. 
To reduce the difficulty and promote comprehension, readers change their segmentation strategy and tend to seg-
ment transparent words by character. The word segmentation process slowed, and the format-familiarity effect did 
not show in the early indexes under unfamiliar format. More importantly, the separability of the lexical processing 
stages showed in the interaction of different indexes, which means that word segmentation and lexical recognition 
in Chinese reading may not be completely synchronized, supporting the Chinese E-Z reader model.

Keywords  Eye movement, Chinese reading, Format familiarity, Semantic transparency, Chinese E-Z reader model, 
Integrated model, Combined access model

Background
Relationship between format familiarity and segmentation 
strategy
Chinese is an ancient ideographic language with a history 
of over a thousand years [16]. It is distinct from alpha-
betic languages and possesses unique characteristics and 
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global influence [3]. Generally, the smallest semantic unit 
in reading is a word; in some contexts, such as ambigu-
ous words or fuzzy words, the semantic units may also 
be characters [31]. Chinese texts lack inter-word spaces, 
necessitating a different approach to segmenting them 
[11]. Consequently, it is necessary to develop a unique 
segmentation strategy to divide continuous Chinese texts 
into words or characters [11].

Because the smallest semantic units differ, two distinct 
text segmentation strategies are generally employed in 
Chinese reading. The former approach is that the basic 
semantic unit of Chinese reading is the word [3, 24, 26, 
27, 35, 39]. When the text is difficult to read or ambigu-
ous, the basic unit of semantic understanding is not 
the word but the character, which means that Chinese 
readers must segment continuous texts into single char-
acters one by one. For instance, there are some texts 
containing low-frequency words [36] or opaque words 
[53], where a high level of lexical processing difficulty 
for readers makes it possible to adopt a character-seg-
mented strategy rather than a word-segmented strategy 
[18, 22, 30, 50].

The two segmented strategies also result in two dis-
tinct processing strategies at the level of lexical process-
ing: whole-word processing and morpheme processing 
[5]. These two processing strategies in Chinese reflect 
the mental representation and processing mechanism 
of Chinese compound words, which have been a wide-
spread concern in psycholinguistic research [7]. The 
latest Chinese E-Z reader model uses six models to simu-
late and explore the mental representation and process-
ing mechanism of Chinese compound words in Chinese 
reading. The eye movement characteristics of the read-
ers were analyzed, and the results showed that the best 
matching model was the familiarity segmentation model: 
readers used relative familiarity to segment Chinese 
texts for word recognition, which was the most efficient 
reading strategy [33]. Combined with previous studies, 
a trade-off exists between format familiarity and word 
segmentation, and unfamiliarity offsets the facilitation of 
inter-word spaces in Chinese reading [11]. Accordingly, 
this study considered the effect of familiarity in exploring 
word processing and segmentation strategies.

The relationship between segmentation and lexical 
representation behind semantic transparency
To investigate this issue, the semantic-transparency effect 
of two-character compound words (transparent and 
opaque) is generally used to examine the lexical process-
ing mechanism, including segmentation and lexical rec-
ognition in Chinese reading [13, 49, 52, 53, 55, 56, 62]. 
Semantic transparency refers to the semantic relatedness 
between the word and its morphemes, which means to 

what extent the semantics of the compound word can 
be inferred from the semantics of each morpheme [17]. 
According to it, Chinese two-character compound words 
can be divided into two categories: transparent and 
opaque. The former refers to compound words with a 
high correlation between morphemes and whole words 
(e.g., 道路: the first morpheme “道” and the second mor-
pheme “路” of the word “道路” both have the same Chi-
nese meaning as “road”). The latter refers to compound 
words with a low correlation between morphemes and 
whole words (e.g., 马虎: the first morpheme, “马”(horse), 
and the second morpheme, “虎” (tiger) both represent 
an animal, but the meaning of the whole word “马虎” 
represents carelessness.). The consistency between mor-
phemes and whole word meaning means that transparent 
words can be quickly recognized and processed, while 
opaque words are more difficult to process and recognize 
[38]. The reading difference between the two is called 
the semantic transparency effect, and eye trackers have 
generally been used to capture this effect during natural 
reading through eye movement indexes [19, 55, 60–62].

Behind the semantic-transparency effect is the lexical 
representation of transparent or opaque words in two 
characters, and there is no consistent conclusion yet. 
Three representations of lexical processing are whole 
word processing, morpheme processing, and combined 
processing [29]. The combined access model (CA) sug-
gests both morpheme and whole-word representations 
are in the mental lexicon. The recognition of compound 
words results from the interaction between morpheme 
and whole-word activation. Whether it is a transparent 
or opaque word, whole word processing and morpheme 
processing are involved [29, 41, 52]. The meaning compu-
tation view analyzes from another perspective, suggesting 
that the morpheme semantics of transparent compound 
words are consistent with the whole word meaning 
obtained by integration and calculation, thereby pro-
moting the accessibility of the whole word semantics. In 
contrast, the morpheme semantics of opaque compound 
words compete with the meaning obtained by integration 
and calculation, thereby hindering the accessibility of the 
whole word semantics. This view also means that both 
transparent and opaque words involve two processes 
and further refines the relationship between morpheme 
processing and whole word processing: competition or 
cooperation [14, 20]. Neither of the above two views pri-
oritizes whole word processing over morpheme process-
ing. However, some researchers assume that morphemes 
are secondary in recognizing opaque words. Transparent 
words are processed as morphemes, while Chinese read-
ers process opaque words as whole words. This view of 
prioritizing whole-word recognition and morpheme 
recognition is also supported by some findings [53]. In 
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summary, the theoretical explanation of the lexical repre-
sentation of the semantic transparency effect of Chinese 
compound words is still somewhat controversial. The 
first objective of this study is to provide empirical evi-
dence for the above theories through the semantic trans-
parency effect.

Relationship between format familiarity and semantic 
transparency
The representations debate between semantically trans-
parent and opaque words may come from the reading 
experience of Chinese native adults, which masks dif-
ferences between lexical or segmentation strategies [11]. 
When readers are native Chinese adults, the segmenta-
tion and lexical processing are automated. Even if there 
are differences in segmentation or recognition strategies 
between transparent and opaque words, a rich reading 
experience as a higher-level cognitive factor can compen-
sate for the differences between transparent and opaque 
words from top to bottom [44]. After adjustment of read-
ing experience, those subtle differences between trans-
parent and opaque words can not be perceived in regular 
reading performance. Therefore, to study the lexical pro-
cessing mechanism in Chinese reading more effectively, 
a recent study, unlike traditional studies, generated novel 
findings by varying familiarity with the Chinese format 
by changing the reading direction [11]. By manipulating 
the two variables (inter-word space and reading direc-
tion), the researchers found that the inter-word space as 
a word segmentation cue cannot facilitate regular read-
ing performance in unfamiliar directions. Readers lack 
reading experience in unfamiliar directions; daily read-
ing experience can not offset the facilitation of word 
segmentation on this condition [10]. Furthermore, the 
researchers subsequently manipulated word frequency 
and format familiarity and found that readers displayed 
more flexible processing strategies under unfamiliar 
reading directions [9]. Without the adjustment of reading 
experience, reading differences between high-frequency 
and low-frequency words that could not be discovered in 
daily life were often manifested under unfamiliar reading 
directions. Thus, readers adopt more flexible strategies 
of lexical processing in unfamiliar directions, which can 
be extended in the processing mechanism of semantic 
transparency in Chinese reading. Following the previous 
definition, this study refers to readers’ familiarity with the 
direction they read as ’format familiarity’ since modern 
Chinese texts are read horizontally, from left to right [3]. 
At the same time, readers read from right to left in many 
languages, such as Hebrew [10]. Thus, Chinese readers 
are unfamiliar with the right-to-left format of Chinese 
texts as they are more accustomed to the left-to-right 
format. The second question is about the role of format 

familiarity in the lexical processing of Chinese transpar-
ent and opaque words.

The research questions proposed the following hypoth-
esis: Readers read in a familiar direction for shorter read-
ing times, higher skip rates, and longer reading distances. 
Transparent words were read in shorter reading times, 
higher skip rates, and longer reading distances. If there 
is an interaction between format familiarity and seman-
tic transparency, the transparency effect observed in the 
familiar format (left to right) and the unfamiliar format 
(right to left) should be inconsistent, perhaps appearing 
in the familiar format but not in the unfamiliar format, 
or being smaller in the unfamiliar format. Conversely, 
there is no significant interaction between the two varia-
bles. Furthermore, the format-familiarity effect may exist 
in transparent words but not in opaque words from the 
early processing indicators related to the lexical represen-
tation. In the familiar format, the morpheme meaning of 
transparent words is consistent with the meaning of the 
whole word; readers tend to segment as whole words. 
Due to the lack of reading experience, the reading diffi-
culty of unfamiliar formats increases. To reduce the dif-
ficulty and promote understanding, readers change their 
segmentation strategies and tend to segment transparent 
words by character. Therefore, the processing difference 
between transparent words in familiar and unfamiliar 
formats is significant, and the format familiarity effect 
appears on transparent words. However, opaque words’ 
morphemes and whole meanings have semantic conflicts, 
and readers need to compete to acquire the word’s mean-
ing. Readers tend to segment opaque words by charac-
ter in the familiar format, so the segmentation strategy 
does not change in the unfamiliar format, and the read-
ing difference between the two formats is insignificant, so 
the format-familiarity effect does not appear on opaque 
words in the early indexes (e.g., First fixation Duration 
and Single fixation Duration). In the later stages of lexi-
cal processing, the segmentation strategy change has also 
been completed. There should be no difference in the 
interaction, whether it is a transparent or opaque word. 
Furthermore, the difference in interaction between early 
and late indexes reflects the separability of word segmen-
tation and recognition, supporting the latest E-Z reader 
model of Chinese reading [33].

Methods
The aim is to investigate the role of format familiarity and 
semantic transparency in Chinese reading.

Participants
Forty undergraduate students (mean age 20.50 ± 1.63 years), 
30 female and 10 male, participated in the experiment. All 
were right-handed, native Chinese speakers with normal 
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or corrected-to-normal vision. Before the experiment, a 
signed informed consent form was obtained from each 
participant. The ethics committee of the author’s university 
approved the experiment as complying with the Declara-
tion of Helsinki.

Design
The experiment had a 2 (format familiarity: reading from 
left to right, reading from right to left) × 2 (semantic 
transparency: transparent word, opaque word) two fac-
tors within-subjects design.

Materials
Semantic transparency refers to the degree to which the 
semantics of a compound word can be inferred from the 
semantics of its constituent morphemes. Its operational 
definition is the degree of semantic relevance between 
the whole word and its morphemes [29, 53, 55, 62]. The 
experimental materials come from the Modern Chi-
nese Dictionary (2005). In the first step, the research-
ers selected 620 two-character words, of which 316 
were transparent and 304 were opaque two-character 
words. Two psychology graduate students completed 
the evaluation of 620 two-character words, and the rat-
ing agreement reached 97%. Then, 100 college students 
who were native Chinese speakers did not participate in 
the eye-tracking experiment. They were asked to evalu-
ate the semantic transparency on a 7-point scale, that is, 
to evaluate the degree of association between the mor-
pheme (the first character) of a two-character word and 
the meaning of the whole word, as well as the degree of 
association between the final morpheme (the second 
character) and the meaning of the whole word. Among 
them, 1 represents the lowest degree of meaning associa-
tion, that is, the lowest transparency, and 7 represents the 
highest degree of meaning association, that is, the high-
est transparency [27, 54]. For example, the first charac-
ter “道” and the second character “路” of the word “道
路” both have the same Chinese meaning as “road,” and 
the meaning of the whole word is also “road,” so whether 
it is the first character or the last character, the meaning 
is consistent with the whole word. Therefore, the partic-
ipants gave “道” a score of 7 and “路” a score of 7. The 

semantic transparency score of this word is 7, so it is a 
transparent word. The first character, “马”(horse) of the 
word “马虎” and the second character, “虎” (tiger), both 
represent an animal, but the meaning of the whole word 
“马虎” represents carelessness. Hence, the first and last 
characters have different meanings from the whole word. 
Therefore, the participants gave “马” a score of 1 and “虎” 
a score of 1, so the semantic transparency score of this 
word is 1, which is an opaque word.

The scoring questionnaire is included in the Appen-
dix, and the semantic relatedness between the first and 
second characters was averaged to form the semantic 
transparency score of the target word [27, 55]. Accord-
ing to the semantic transparency scores, the highest 25% 
were selected as high transparency words (79 words), 
M = 6.45, SD = 0.94; the lowest 25% were selected as 
low transparency words (76 words), M = 2.02, SD = 1.53. 
Then, the word frequency, first character frequency, last 
character frequency, first character stroke number, and 
last character stroke number of the selected 155 words 
were checked based on the public Chinese word data-
base [6]. Finally, forty groups of two-character words 
were selected as target words. There was no significant 
difference between semantically transparent words and 
opaque words in the frequency of target words, the fre-
quency of first characters, the frequency of last charac-
ters, the number of strokes of the first character, and the 
number of strokes of the last character (ts < 0.137, p > 0.1). 
The unit of word frequency and character frequency was 
the occurrences per million words (OPM). The results 
are shown in Table 1. The semantic transparency of high-
transparency words (M = 6.44, SD = 0.21) and low-trans-
parency words (M = 2.02, SD = 0.26) was significantly 
different (t = 80.22, p < 0.001).

The 80 target words were placed in the corresponding 
contexts, and 80 declarative sentences with the target 
words that were not at the beginning or end were cre-
ated. A total of 80 sentences were created, comprising 
40 sentences containing semantically transparent target 
words and 40 sentences containing semantically opaque 
words. The sentences were presented in two different 
text formats: unfamiliar and familiar. The unfamiliar for-
mat consisted of 20 sentences with semantically opaque 

Table 1  The statistical characteristics of the experimental sentences and target words

The word frequency unit is 1/millions, and the standard deviation is in brackets

Experimental conditions Word Frequency First- character 
strokes

Second- 
character strokes

First- character 
frequency

Second-character 
frequency

Naturalness

Transparent Word 85.57
(137.90)

9.4
(1.84)

9.10
(3.08)

111.57
(233.02)

152.78
(402.42)

6.30
(0.23)

Opaque Word 79.50
(146.71)

8.80
(2.50)

8.40
(3.23)

124.62
(213.18)

185.13
(496.87)

6.30
(0.28)
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target words and 20 sentences with semantically trans-
parent target words. The familiar format comprised 20 
sentences with semantically opaque target words and 20 
sentences with semantically transparent target words. 
The sentences were 12 to 18 Chinese characters in length. 
Thirty-one undergraduates who were not involved in 
the experiment were selected to evaluate the fluency of 
the experimental sentences using a 7-point scale. The 
scores of five subjects who did not meet the criteria were 
excluded. The fluency of the sentences was M = 6.30 
(SD = 0.26). There was no significant difference in the 
fluency of the sentences under the four conditions, as 
indicated by the Fs < 0.46. The fluency of the sentences 
met the experimental requirements. Table  1 provides 
further details on the experimental materials. Table  2 
presents examples of the experimental materials on four 
conditions.

Apparatus
The experiment employed the EyeLink 1000 (SR 
Research, Canada) to record right-eye movements. The 
sampling rate was 1000  Hz. The stimuli were presented 
on a 19-inch Dell monitor with a resolution of 1024 × 768. 
The participants were required to maintain a distance of 
70 cm from the screen. Each character was 25 pixels wide 
by 25 pixels tall, with a visual angle of 0.80°. The size of 
the Song font was 20.8 in the stimuli presentation.

Procedure
Each participant was tested individually. Upon the par-
ticipant’s arrival at the laboratory, they were provided a 
brief introduction to the laboratory environment and 
then completed a series of primary information forms. 

Subsequently, the participants were seated at a distance 
of 70 cm from the eye tracker, with their chins placed on 
the chin rests, which were employed to ensure that the 
heads remained resting with no movement. A three-
point calibration of the eye was then conducted. A cali-
bration is deemed successful when the average value is 
less than 0.2. Once the eye calibration was completed, the 
participant began reading the experimental sentences on 
the screen.

Participants were then instructed to read sentences in 
various conditions. They were required to comprehend 
the meaning of the sentences as rapidly as possible and 
then to press the space bar to read the subsequent sen-
tence. A comprehension question was posed for specific 
sentences, which the participants had to answer as accu-
rately as possible. The initial 12 sentences were practice 
sentences. The experiment comprised four groups of 
materials, each containing 80 formal sentences. Twenty 
sentences were presented per condition, with the sen-
tences in each group being randomly presented. Each 
participant was required to complete only one of the 
four groups. During the experimental phase, A read-
ing comprehension question was inserted after 18 of the 
experimental sentences, followed by simple “yes” or “no” 
judgment questions. The participants needed to read 
carefully before answering correctly. The rate of correct 
responses to these questions was 93%, indicating that 
the sentences were predominantly read and understood. 
Eye calibration was re-performed during the experiment 
when necessary, and the entire experimental process 
took 20–30 min.

Data preparation and analysis
In line with criteria from previous studies, if the fixation 
point is either excessively long or short, or if the fixation 
time is less than 80 ms or greater than 800 ms, the data 
were excluded [3, 9, 11, 21, 22, 36, 51, 54]. In addition, 
the data were filtered according to the following criteria, 
which are consistent with previous studies [2, 3, 9, 11, 
15, 23, 36, 63]: (1) The participant initiates the key press 
too early or incorrectly during the experiment, resulting 
in a sentence interruption. (2) The tracking data are lost 
due to accidental factors (such as the participant’s head 
movement) during the experiment. (3) The number of 
fixations is less than four times. (4) The data whose mean 
is outside three standard deviations. Invalid data consti-
tuted 3.2% of the total data set.

Eye movement indicators are usually divided into two 
categories—time indicators and position indicators. 
Time indicators are divided into two categories: one can 
reflect the characteristics of early vocabulary process-
ing, and the other can reflect the characteristics of late 
processing. According to the calculation method of eye 

Table 2  Example Chinese stimuli from the four experimental 
conditions

The target words are highlighted in blue and bold, but in the experiment, the 
target words are the same as other words. Under the semantic transparency-
familiar format, the transparent target words were presented from left to right; 
under the semantic transparency-unfamiliar format, the transparent target 
words were presented from right to left. In the semantic opaque-familiar format, 
the opaque target words were presented from left to right, and in the semantic 
opaque-unfamiliar format, the opaque target words were presented from right 
to left. The italic words are target words, which appeared in normal form in the 
experiment

Format Familiarity Semantic 
Transparency

Sentence

Familiar Format
(left to right)

Transparent 盘山公路上危险的地方都
立着警示牌。

Opaque 我们推选书记为新一届人
民大会代表。

Unfamiliar Format
(right to left)

Transparent 。牌示警着立都方地的险
危上路公山盘

Opaque 。表代会大民人届一新
为记书选推们我
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movement indicators, FFD, SFD, and GD are regarded as 
eye movement indicators that can reflect readers’ early 
lexical processing. (1) First fixation duration (FFD), the 
duration of the first fixation on a word, irrespective of 
the number of fixations. It is one of the most commonly 
used eye movement indicators, effectively reflecting the 
early-stage characteristics of lexical processing [46, 47]. 
However, it is not a perfect indicator because it confuses 
the situation of single fixation and multiple fixations in 
the interest area, and the psychological processing in 
these two situations is different. Therefore, we need to 
supplement (2) single fixation duration (SFD), the fixa-
tion duration when only one fixation was made on the 
word during first-pass reading, and it is considered to be 
a good indicator of the semantic activation stage in word 
recognition [8]; (3) gaze duration (GD), the sum of all 
fixations on a word before moving to another word, GD 
is also an indicator reflecting the early stage of vocabu-
lary access [46]. It is sensitive to pre-lexical and lexical 
features and is also one of the most widely used indica-
tors. It is proposed that there is a difference between the 
FFD and the GD, so it can be inferred that the reader has 
difficulty in the first processing of words [9]. Based on 
the Chinese E-Z reader model, FFD and SFD represent 
the early stage of lexical recognition [33, 45]. They can 
sensitively reflect that readers achieved word recogni-
tion in the first or only one fixation without re or mul-
tiple fixations. The characteristic well reflects the early 
processing stage of word recognition [65]. When the 
regression appears, single or first processing character-
istics will be submerged. The later process indicators 
usually include the following indicators: (4) regression-
path duration (RPD), the sum of all gaze times looking 
back to the current word; (5) total time (TT), the sum 
of all fixations on the target word, including regressions, 
RPD is an indicator of the later processing of words. At 
the same time, the TT is sensitive to slower and longer 
cognitive processing [46]. Regardless of the time index, 
the reader needs more time when the reading compre-
hension difficulty is higher, and the processing efficiency 
will be reflected in the time indexes [9, 12, 36, 54]. When 
readers spend more time understanding the target 
words, it also means that the reader’s reading efficiency 
is lower [10]. The RPD and TT are eye movement indica-
tors that reflect the late and slower cognitive processes 
of word recognition; they are unaffected by the number 
of fixations [8, 12, 33, 57, 64, 65].

In addition, time indicators indicate the reader’s read-
ing efficiency, processing difficulty, and cognitive char-
acteristics through the fixation duration. In contrast, 
position indicators usually reflect the reader’s process-
ing characteristics during reading based on the distance 
and landing point of the eye saccade [2, 37, 58, 63]. For 

instance, the center of the word is the best fixation posi-
tion for eye movements, and the reading efficiency is 
highest at the best fixation position. The farther the fixa-
tion position is from the word center, the lower the fixa-
tion efficiency [9, 11, 36]. The center of the word is the 
best fixation position for eye movements, and the read-
ing efficiency is highest at the best fixation position. The 
farther the fixation position is from the word center, 
the lower the fixation efficiency [2, 23, 37, 58, 66]. Posi-
tion indicators include: (6) skipping probability (SP), the 
probability of skipping the target region in the first read-
ing, specifically, the ratio of the frequency of the interest 
area being skipped to the sum of the frequency of the 
interest area being skipped and fixed in the first reading 
[9–11]. SP indicates that the skipped words have been 
processed in the parafoveal visual area, which may occur 
before or after the skipping [43]. The lower SP means that 
the text is more difficult to comprehend, and the reader’s 
reading efficiency is inefficient. (7) refixation rate (RR), 
the probability of the target region being gazed at mul-
tiple times in the first reading. It is sensitive to cognitive 
variables and is considered to be of great significance in 
eye movement research. When the refixation rate is high, 
the reader cannot fully understand the first fixation and 
needs to make the next fixation, which also reflects the 
reader’s low reading efficiency [42]; and (8) initial landing 
position (ILP), the distance to the beginning of the target 
word for the first time [3, 9, 11, 36, 54, 58, 63]. The farther 
from the beginning of the word, the greater the reader’s 
eye saccade distance, indicating that the subject obtains 
relatively more information in the fixation before the eye 
saccade, and the reading speed is faster. As the difficulty 
of the article increases, the reader’s eye saccade distance 
becomes shorter, and the ILP is shorter [40, 42]. The time 
index units were milliseconds, and the unit of ILP is the 
character [9–11, 28].

Data analysis includes the local analysis with target 
words as the area of interest [3, 9, 11, 36, 46]. A total of 
eight eye-movement measures were computed for the 
target words. All collected data were analyzed using the 
linear mixed model (LMM), implemented in the R lan-
guage (R Development Core Team, 2016), and the lme4 
data processing packages [4]. The data were classified as 
significant if the t-value exceeded 1.96 at the 5% level [9–
11]. The participants and items were specified as crossed 
random effects during the linear mixed model. The 
Markov-Chain Monte Carlo algorithm was employed to 
derive the model parameters of the post-hoc distribu-
tion, which served as an estimate of significance [9–11]. 
This estimate simultaneously reflected the variation from 
participants and items [1]. The analysis indicators were 
log-transformed during the model operation, and the 
Logistic LME transformation was performed on skipping 
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data and re-fixation probability. The LMM was designed 
to assess the impact of semantic transparency and format 
familiarity on the interaction between the two factors 
[9–11]. When the interaction was significant, transparent 
words were compared with opaque words in the famil-
iar format (Comparison 1), and transparent words were 
compared with opaque words in the unfamiliar format 
(Comparison 2) [9–11].

Results
The results presented in Table  3 show the means and 
standard deviations for the eye movement measures of 
the target words, which were analyzed using an Linear 
Mixed Model (LMM) approach with format familiarity, 
semantic transparency, and their interaction as the fixed 
factors. Table  4 shows the t-values of the eight indexes 
of the target words [9–11]. To show the reading process 

of readers more visually, Figs. 1, 2, 3 and 4 simulated the 
eye-tracking process under different conditions.

The results demonstrated that the format familiar-
ity effect and semantic transparency effect in the fixa-
tion duration (FFD was shorter for the transparent 
words than for the opaque words: b = 0.038, SE = 0.012, 
t = 3.294, p = 0.001. Furthermore, the FFD was also 
shorter from left to right than from right to left: b = 0.078, 
SE = 0.014, t = 5.388, p < 0.001. The SFD was shorter for 
the transparent words than the opaque words: b = 0.035, 
SE = 0.015, t = 2.424, p = 0.016. Additionally, the SFD was 
shorter from left to right than from right to left: b = 0.05, 
SE = 0.017, t = 3.139, p = 0.002. The GD was shorter for 
the transparent words than the opaque words: b = 0.119, 
SE = 0.018, t = 6.540, p < 0.001. GD was shorter from left 
to right than right to left: b = 0.253, SE = 0.023, t = 11.206, 
p < 0.001. The RPD was shorter for the transparent words 
than the opaque words: b = 0.180, SE = 0.025, t = 7.134, 

Table 3  Eye-movement indexes for the target words

Standard deviations are provided in parentheses

FFD First fixation duration, SFD Single fixation duration, GD Gaze duration, RPD Regression-path duration, TT Total time, SP Skipping probability, RR Refixation rate, ILP 
Initial landing position

Indexes Familiar format
(reading from left to right)

Unfamiliar format
(reading from right to left)

Transparent words Opaque words Transparent words Opaque words

FFD (ms) 237(70) 261(85) 271(94) 275(97)

SFD (ms) 239(70) 262(85) 267(91) 274(99)

GD (ms) 269(106) 322(143) 382(181) 422(205)

RPD (ms) 327(196) 406(260) 527(360) 626(400)

TT (ms) 364(180) 479 (254) 611(330) 737(382)

SP 0.24(0.39) 0.1(90.33) 0.18(0.30) 0.12(0.27)

RR 0.13(0.26) 0.44(0.39) 0.25(0.53) 0.35(0.45)

ILP 0.92(0.54) 0.88(0.52) 0.81(0.50) 0.74(0.45)

Table 4  T-values of total indicators of target words

Interaction = the interaction between the semantic transparency and the format familiarity. Comparison 1: the semantic transparent condition would be compared 
with the opaque condition in the familiar format (reading from left to right). Compare 2: the transparent condition and the opaque condition would be compared in 
the unfamiliar format (reading from right to left)

FFD First fixation duration, SFD Single fixation duration, GD Gaze duration, RPD Regression-path duration, TT Total time, SP Skipping probability, RR Refixation rate, ILP 
Initial landing position
*** p < 0.001, ** p < 0.01, * p < 0.05

Indexes Semantic Transparency Format Familiarity Interaction Compare 1 Compare 2

FFD (ms) 3.294** 5.388*** −2.442* 4.055*** 0.694

SFD (ms) 2.424* 3.139** −2.155* 3.879*** 0.584

GD (ms) 6.540*** 11.206*** −1.472

RPD (ms) 7.134*** 12.655*** −0.598

TT (ms) 8.500*** 14.729*** −0.454

SP −3.191** −6.230*** 0.584

RR 5.856*** 14.000*** −0.554

ILP −2.43* −4.692*** −0.275
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p < 0.001. The RPD was also shorter from left to right 
than from right to left: b = 0.393, SE = 0.031, t = 12.655, 
p < 0.001. TT was shorter for the transparent words 
than the opaque words: b = 0.23, SE = 0.027, t = 8.500, 
p < 0.001. Furthermore, TT was also shorter from left 
to right than from right to left: b = 0.471, SE = 0.032, 
t = 14.729, p < 0.001). The format familiarity effect found 
in this study is consistent with the results of previous 
studies [9–11].

Readers with familiar formats have better reading 
performance, shorter reading time, and higher reading 
efficiency [9–11]. It also means the reading experience 

behind format familiarity will significantly impact Chi-
nese readers. Even for very proficient Chinese native 
speakers, the reader’s reading performance will drop 
rapidly once the text direction is changed. It also sup-
ports the latest E-Z reader model in Chinese reading [33]. 
The reading experience, as a high-level cognitive factor, 
always affects the reading process of Chinese readers 
from top to bottom [44, 46, 47], including the initial vis-
ual familiarity verification stage, the word segmentation 
stage, and the lexical recognition stage. The latest eye 
movement model of Chinese reading proposes that famil-
iarity affects the segmentation stage of Chinese reading, 

Fig. 1  The simulation trajectory diagram under familiar and transparent condition. Note: This trajectory diagram uses words as interest areas, 
and interest areas are separated by blue lines. The dots represent fixation points, the arrows represent eye-saccade directions, and the numbers 
represent the fixation order. The entire trajectory is designed to simulate the eye movement trajectory of readers during reading. For example, 
if readers have already fixed their gaze on the fourth fixation point (4) but do not fully understand the word meaning before the fourth fixation 
point (4), the reader’s eye saccade will return to the fifth fixation point (5), and then continue reading. If the readers understand the meaning, they 
will not return to the fifth fixation point (5). The same applies below

Fig. 2  The simulation trajectory diagram under unfamiliar and transparent condition. Note: This trajectory diagram uses characters as interest areas, 
and interest areas are separated by blue lines. The dots represent fixation points, the arrows represent eye-saccade directions, and the numbers 
represent the fixation order. The entire trajectory is designed to simulate the eye movement trajectory of readers during right-to-left reading. 
For example, if readers have already fixed their gaze on the third fixation point (路) but do not fully understand the word meaning before the third 
fixation point (路), the reader’s eye saccade will return to the fourth fixation point (公), and then continue reading until the ninth fixation point (方). 
If the readers understand the meaning, they will continue reading until the fourteenth fixation point (牌). The same applies below
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which is consistent with the results of this study. Readers 
perform better in familiar formats and can more quickly 
segment sentences into the smallest semantic units and 
perform word recognition and comprehension [33]. At 
the same time, the results are consistent with previous 
studies. Whether it is Chinese sentence reading [11] or 
word processing [10], the format familiarity effect can 
be found: sentences reading are faster, lexical processing 

is faster, and reading efficiency is higher under familiar 
formats. In addition, the semantic transparency effect is 
consistent with previous studies [55, 59, 62]. Compared 
with opaque words, readers can understand transpar-
ent words faster and have higher reading efficiency. It is 
because the meaning of the morphemes of transparent 
words is consistent with the meaning of the whole word, 
while the meaning of the morphemes of opaque words is 

Fig. 3  The simulation trajectory diagram under familiar and opaque condition. Note: This trajectory diagram uses words as interest areas, 
and interest areas are separated by blue lines. The dots represent fixation points, the arrows represent eye-saccade directions, and the numbers 
represent the fixation order. The entire trajectory is designed to simulate the eye movement trajectory of readers during reading. For example, 
if readers have already fixed their gaze on the fourth fixation point (新) but do not fully understand the word’s meaning before the fourth fixation 
point (新), the reader’s eye saccade will return to the fifth fixation point (推选), and then continue reading until the eleventh fixation point(代表). 
The same applies below

Fig. 4  The simulation trajectory diagram under familiar and opaque condition. Note: This trajectory diagram uses characters as interest areas, 
and interest areas are separated by blue lines. The dots represent fixation points, the arrows represent eye-saccade directions, and the numbers 
represent the fixation order. The entire trajectory is designed to simulate the eye movement trajectory of readers during right-to-left reading. 
For example, if readers have already fixed their gaze on the third fixation point (选) but do not fully understand the word meaning before the third 
fixation point (选), the reader’s eye saccade will return to the fourth fixation point (推), and then continue reading until the eighth fixation point (
新). While readers do not fully understand the word’s meaning before the eighth fixation point (新), the reader’s eye saccade will return to the ninth 
fixation point (书), and then continue reading until the fourteenth fixation point (表). The same applies below
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inconsistent with the meaning of the whole word. When 
readers process the opaque words, semantic conflicts will 
occur, and more cognitive resources are needed to carry 
out the semantic access process, which requires longer 
reading time. The semantic transparency effect was found 
even in unfamiliar formats, but the format unfamiliarity 
delayed the appearance stage.

In comparison with the familiar format, the initial 
landing position was situated closer to the beginning of 
the word when reading efficiency was lower from right 
to left (b = −0.206, SE = 0.031, t = −4.69, p < 0.001), which 
was the unfamiliar format for Chinese readers [9–11]. 
This interference may be attributed to the cost of read-
ing from right to left [23, 36]. A significant semantic 
transparency effect was observed on ILP (b = −0.098, 
SE = 0.031, t = −2.45, p = 0.013). The first fixation posi-
tion for the transparent words was longer than that for 
the opaque words [8–10]. Similarly, for the skipping rate, 
the transparent target words were skipped more often 
than the opaque target words (b = −0.035, SE = 0.011, 
t = −3.191, p = 0.002). More skipping rate was also 
observed from left to right than from right to left (b = , 
SE = 0.011, t = −6.23, p < 0.001). The refixation prob-
ability was higher in the opaque condition (b = 0.096, 
SE = 0.016, t = 5.856, p < 0.001). RR was also higher from 
left to right than from right to left (b = 0.22, SE = 0.016, 
t = 14.000, p < 0.001). The main effect of format famili-
arity was significant (b = −0.185, SE = 0.039, t = −4.692, 
p < 0.001). Compared with the right-to-left and opaque 
words, there were shorter fixation duration, higher SP, 
lower RP, and shorter ALP for left-to-right and trans-
parent words, consistent with assumptions and previous 
findings [9, 11, 19, 55, 62].

The most important findings were the interaction 
between semantic transparency and format familiar-
ity. It is noteworthy that the interactions of the different 
indexes were inconsistent. The FFD and SFD are typically 
regarded as preliminary indicators; they are the reading 
duration of a single fixation or first fixation of the tar-
get word, and they can reflect the characteristics of the 
initial processing stage of word recognition in Chinese 
reading [11, 12, 33, 36, 47, 57]. The interaction between 
format familiarity and semantic transparency was signifi-
cant in the early indexes. The interaction was statistically 
significant in the FFD (b = −0.07, SE = 0.029, t = −2.442, 
p = 0.015). From left to right, the FFD on the transpar-
ent words was shorter than that on the opaque words 
(b = 0.084, SE = 0.021, t = 4.055, p < 0.001). However, the 
results demonstrated no significant interaction between 
the transparent and opaque words for the right-to-left 
condition (b = 0.014, SE = 0.020, t = 0.694, p = 0.488). 
Moreover, a significant interaction was found with the 
SFD (b = −0.073, SE = 0.034, t = −2.155, p = 0.032). The 

SFD was deemed an effective indicator of the semantic 
stage in word recognition, exhibiting a pronounced influ-
ence of semantic transparency. There were significant dif-
ferences between transparent and opaque words from left 
to right (b = 0.088, SE = 0.023, t = 3.879, p = 0.000). How-
ever, there were no significant differences between trans-
parent and opaque words from right to left (b = 0.015, 
SE = 0.025, t = 0.584, p = 0.559). This finding is insight-
ful and consistent with previous studies, which showed 
that format familiarity changed the word segmentation 
strategies [11]. Readers tend to conduct whole-word seg-
mentation to obtain higher reading efficiency. However, 
readers lack reading experience in unfamiliar formats, 
and the difficulty of lexical processing increases. The seg-
mentation strategies changed from word segmentation 
under a familiar format to character segmentation under 
an unfamiliar format, which slowed down the segmen-
tation steps and reduced reading efficiency. Thus, there 
were significant differences between familiar and unfa-
miliar formats in eye movement indicators of transparent 
words. For opaque words, whether in familiar or unfamil-
iar formats, readers tend to use a character-segmentation 
strategy for the semantic conflict between morphemes 
and whole words, so there is little difference in reading 
performance on eye movement indicators. It is why the 
semantic-transparency effect appears in familiar rather 
than unfamiliar formats in early eye movement indica-
tors (FFD and SFD), which mainly showed the change 
in segmentation strategy. In addition, the effect of for-
mat familiarity on transparent and opaque words also 
supports the above findings. From the interaction in the 
early stages of lexical processing, format familiarity sig-
nificantly impacts word processing more than semantic 
transparency. In the FFD and SFD, the effect of format 
familiarity in the transparent words is significant (FFD: 
b = 0.117, SE = 0.030, t = 3.923, p < 0.001; SFD: b = 0.081, 
SE = 0.023, t = 3.503, p < 0.001). In contrast, it is not sig-
nificant on opaque words (FFD: b = 0.037, SE = 0.030, 
t = 1.226, p = 0.222; SFD: b = 0.014, SE = 0.022, t = 0.607, 
p = 0.545).

In the later stage, transparent and opaque words com-
plete the segmentation and semantic conflict stages, 
enter the semantic integration stage, and access lexi-
cal recognition. Thus, there is no significant difference 
between the segmentation strategy of transparent and 
opaque words. It is also an essential finding of this study, 
showing that readers are more flexible in choosing seg-
mentation strategies when processing transparent and 
opaque words, supporting the combined access model 
[56, 63]. As assumed, except for those above two early 
time indexes, the interaction was not statistically signifi-
cant in the remaining time indexes, typically representing 
the late and full-time stages of lexical processing. There 
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were no significant interactions between gazing dura-
tion (b = , SE = 0.045, t = −1.472, p = 0.142), regression 
duration (b = −0.037, SE = 0.062, t = −0.598, p = 0.550), or 
total time (b = −0.030, SE = 0.0670, t = −0.454, p = 0.650). 
The semantic-transparency effect always exists regardless 
of the familiar or unfamiliar format. In addition to the 
time indicators, for the position indicators, the skipping 
probability (b = 0.013, SE = 0.022, t = 0.584, p = 0.559), the 
refixation probability (b = −0.017, SE = 0.03, t = −0.554, 
p = 0.580), and the first fixation position (b = −0.022, 
SE = 0.078, t = −0.275, p = 0.783) were not significant in 
the interactions between semantic transparency and for-
mat familiarity. These results were consistent with the 
research assumption and supported the Chinese E-Z 
reader model.

Discussion
This study manipulated format familiarity and semantic 
transparency to investigate the processing mechanism 
of word segmentation and recognition, which found that 
the two processes were not completely indistinguishable. 
It supported the Chinese E-Z reader (CEZR) model [33].

The facilitation of format familiarity in the Chinese lexical 
processing
There are format-familiarity effects on Chinese reading 
and lexical processing. This study found that readers in 
familiar formats had better reading performance, higher 
reading efficiency, and shorter saccade distances. Read-
ing under the unconventional format may result in a left-
ward bias, which can be attributed to the asymmetry of 
the visual field [48]. There is a left-side processing bias 
for Chinese reading, in which observers rely more heav-
ily on information conveyed by the left side of stimuli 
than the right side, related to habitual format familiarity 
[10]. Furthermore, given that the directional eye move-
ment of readers in daily reading and writing activities is 
not aligned with that in unfamiliar formats, readers will 
engage in a compensatory effect, whereby they sacrifice 
a degree of reading performance to compensate for the 
format unfamiliarity [9–11].

The latest Chinese E-Z reader (CEZR) model found 
that Chinese readers dynamically adjust their eye saccade 
based on relative familiarity to change the segmenta-
tion strategy, thereby achieving efficient word recogni-
tion [33]. The researchers used six models for simulation 
and found that the familiarity segmentation model per-
formed best. However, CEZR does not explain the word 
recognition mechanism in Chinese reading in detail. The 
results of this study provide empirical evidence for this 
model. Format familiarity affects readers’ word recogni-
tion in Chinese reading. There are two interacting pro-
cesses here: the bottom-up process controlled by the 

oculomotor nerve and the top-down regulation of the 
reading experience. The reading direction controls the 
oculomotor nerve because the direction of eye movement 
from left to right is more familiar to readers. When an 
unfamiliar reading direction is presented, the eye move-
ment process is more complicated, and readers need to 
use more cognitive resources to control it. Furthermore, 
reading experience, as a high-level cognitive factor, can 
affect visual processing, character processing, word rec-
ognition, and segmentation from top to bottom based on 
the Chinese E-Z reader model [33, 46]. We conclude that 
reading experience behind format familiarity affects the 
speed and efficiency of Chinese word recognition. Under 
familiar formats, readers read faster and more efficiently, 
and the eye saccade is farther. In an unfamiliar format, 
readers need more reading time, reading efficiency is 
reduced, and the reading distance becomes shorter.

The lexical representation behind semantic transparency
The second finding is the effect of semantic transpar-
ency in Chinese reading and its impact on word recogni-
tion. Readers have shorter fixation times, higher reading 
efficiency, and a fixation point closer to the word center 
when reading semantically transparent words. It is con-
sistent with previous studies, which show that Chinese 
readers are more efficient at processing transparent 
words [13, 49, 52, 53, 55, 56, 62]. More importantly, the 
results support morpheme processing, whole word pro-
cessing, or combined access model. The possibilities for 
the two formers are as follows. Suppose the research 
results supported that transparent and opaque words 
are processed entirely through morpheme processing. In 
that case, the difference between transparent and opaque 
words should not be significant because two-character 
words are all processed by morphemes, and the semantic 
conflict does not affect the morpheme processing, so the 
result can refute this view. The next question is whether 
the representation mechanism involves whole words or 
a combined processing of whole words and morphemes. 
The interaction between semantic transparency and 
format familiarity illustrates the combined representa-
tion. The early significant interaction indicated that for-
mat familiarity has a minor impact on opaque words. In 
the FFD, the difference between transparent words in 
familiar and unfamiliar formats is 34ms, but for opaque 
words, the difference is only 14ms. It is consistent with 
our research hypothesis because the segmentation strat-
egy of transparent words changes from whole-word 
segmentation to character segmentation in familiar and 
unfamiliar formats. Simultaneously, it is also consistent 
with the mixed representation model. When the seg-
mentation strategy of transparent words changes, readers 
tend to recognize morphemes, and access to whole words 
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is faster than access after competition between whole 
words and morphemes [29].

The combined access (CA) model has morpheme and 
whole-word representations [29]. Chinese word recogni-
tion is the interactive activation of morpheme represen-
tation and whole-word representation. The psychological 
dictionary’s whole word representation and morpheme 
representation are at the same level. There is a filtering 
mechanism between them for cognitive resource alloca-
tion and selection. The morphemes and whole words of 
transparent words have the same meaning. Morpheme 
representation is activated first and diffused and inte-
grated into whole word representation. The former can 
promote the latter. However, in recognizing opaque 
words, morpheme representation cannot diffuse and 
integrate into whole word representation. There is a con-
flict of meaning between morphemes and whole words. 
Morphemes will inhibit whole-word activation. Individu-
als must return to the filter, readjust cognitive resources, 
reduce whole-word inhibition, and increase morpheme 
inhibition to achieve whole-word activation and access 
[41]. Combined with the results, the segmentation strat-
egy change has little effect on the later integration. How-
ever, it significantly impacts the early indexes (e.g., FFD), 
which represent the cognitive resource selection allo-
cation and mainly affect the attention allocation stage 
before the filter. Combined with the meaning computa-
tion viewpoint, the difference in processing transparent 
and opaque compound words may lie in the integration 
stage of morpheme meaning and whole-word semantics 
[14, 20, 53]. Furthermore, the CEZR model showed that 
readers dynamically adjust eye movement trajectories 
according to relative familiarity, thereby efficiently recog-
nizing words [33]. Format familiarity has a greater impact 
than semantic transparency in early word recognition 
processing.

In sum, the result supported the combined access 
model, which indicates that both morpheme representa-
tion and whole-word representation exist in the mental 
lexicon, and the recognition is the interactive activation 
between morpheme and whole word in Chinese [29, 41].

Mechanism between segmentation behind format 
familiarity and recognition behind semantic transparency
The most important result of this study is the interaction 
between format familiarity and semantic transparency, 
which provides empirical evidence for the Chinese E-Z 
reader model (CEZR). The results show that there is a 
significant interaction in the early indicators. In FFD and 
SFD, the semantic transparency effect is significant in 
familiar but not unfamiliar formats. It is consistent with 
the previous studies [10, 11]. Previous studies showed 
that format familiarity has a trade-off effect on Chinese 

word segmentation [11]. It means that format familiarity, 
an important factor affecting the word segmentation pro-
cess, occupies a greater dominant position in early pro-
cessing. As an important indicator of word recognition, 
the semantic transparency effect did not appear in the 
early indexes (FFD and SFD) under unfamiliar formats. 
There is a possibility that word segmentation and recog-
nition are dynamically interactively adjusted. In the early 
lexical processing, the influencing factor of word segmen-
tation may be dominant. Readers spend more cognitive 
resources adjusting word segmentation strategies, which 
may involve competition between parafoveal and foveal 
processing. Why is the transparency effect significant in 
familiar formats but disappears in unfamiliar formats? 
There may be explanations from three perspectives.

First, under an unfamiliar format, the lack of reading 
experience consumes prior readers’ cognitive resources, 
making it impossible for them to show good reading per-
formance for lexical processing, whether transparent or 
opaque words, making the main effect of semantic trans-
parency insignificant in early processing. Therefore, for-
mat familiarity plays a more significant role in the early 
stages of lexical processing. Following the first perspec-
tive, the second perspective is that format familiarity 
leads to changes in word segmentation strategies. The 
extension of the word segmentation process makes read-
ers enter vocabulary recognition more slowly. It is simi-
lar to the results of previous studies: word frequency 
and inter-word space were manipulated to examine Chi-
nese reading and lexical processing. The results showed 
that inter-word space delayed the onset of the word fre-
quency effect by 21ms [36]. This view is consistent with 
the latest CEZR and provides empirical research evi-
dence [33]. It simulates the segmentation strategies and 
lexical processing in Chinese reading according to the 
unique characteristics of Chinese that are different from 
English by six models. According to CEZR, Chinese 
readers dynamically adapt their eye movement distance 
and segmentation strategies based on relative familiar-
ity, thereby achieving efficient word recognition [33]. 
Therefore, readers had a longer eye saccade distance and 
adopted word segmentation strategies under a familiar 
format. However, the eye saccade distance was shorter 
in the unfamiliar format, and only character segmenta-
tion could be adopted. Under an unfamiliar format, read-
ers may not be able to enter the word recognition in the 
early stage quickly, and there will be no semantic trans-
parency effect as word recognition representation on 
early indicators (FFD and SFD). At the same time, this 
view has also been supported by physiological evidence. 
It is found that the independent brain area for Chinese 
segmentation is the left middle temporal gyrus [66]. In 
summary, the results of this study support the research 
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hypothesis. When the reader’s fovea is fixated on a word 
n, the reader’s parafovea may partially or entirely com-
plete the segmentation of the next word n + 1 [34]. There-
fore, segmentation may begin earlier than recognition, 
which is not indistinguishable [46]. Furthermore, this 
view supports the existence of an independent word seg-
mentation stage in Chinese reading. It does not regard 
word segmentation as a concomitant word recognition in 
Chinese reading.

More importantly, this study is different from the inte-
gration model’s view. The integrated model proposes 
that Chinese word segmentation and recognition are 
indistinguishable. Word segmentation is automatically 
completed when a reader recognizes a word successfully 
[25]. If true, the format familiarity and semantic trans-
parency simultaneously affect the same processing stage, 
and there would be no priority effect on processing time. 
In the results, there would be significant interactions in 
all-time indexes. Then, the semantic transparency effect 
should exist in both familiar and unfamiliar formats 
because it is an indicator of word recognition, and there 
should also be a semantic transparency effect on early 
indicators. However, this was not the case. It is more 
likely that word segmentation starts earlier than word 
recognition. When word recognition starts, the parafovea 
may have already processed the segmentation of the next 
word while the reader is processing the previous word 
[32, 34]. Therefore, even if the two end at the same time, 
they do not start simultaneously, and it cannot be said 
that the two are entirely indistinguishable. Accordingly, 
the inconsistency of this interaction in different indica-
tors (the interaction is significant in early indicators but 
not significant in late or sorting indicators) indicates that 
in Chinese reading, word segmentation and recognition 
are not entirely inseparable. This study provides empiri-
cal research evidence for the Chinese E-Z reader model.

Implications for reading strategies and second language 
education
This study provides suggestions for Chinese readers, 
including native speakers, second-language learners, and 
beginners. Even proficient native speakers are affected 
by unfamiliarity with the format. Thus, more attention 
should be given to the impact of unfamiliarity on readers’ 
reading. When readers encounter ambiguous or unfamil-
iar texts, their cognitive difficulty should be considered, 
and more assistance, such as word segmentation clues 
or relevant training, should be provided to improve their 
reading ability in daily life and help them cope with vari-
ous reading situations.

Regarding second-language learners, Chinese is dif-
ferent from phonetic writing. There is no word segmen-
tation strategy to help it segment. It is challenging for 

readers to read Chinese sentences and requires a lot of 
cognitive resources. As the results show, even with skilled 
native Chinese speakers, their reading performance will 
also deteriorate when the format is unfamiliar. When sec-
ond language learners want to read Chinese sentences, 
they first need to master basic Chinese words and form 
corresponding representations, so accumulating words 
is a basic skill required for Chinese reading. Then, read-
ers need to master basic syntax. The continuous text can 
be segmented into the smallest semantic units to achieve 
word, sentence, and text comprehension only by under-
standing the structure and segmentation strategies. This 
step requires readers to master flexible segmentation 
strategies, as shown in the results of this study. When 
readers encounter ambiguous sentences or words, they 
must judge based on the context and ultimately select 
the most appropriate reading strategy. This step requires 
readers to have a basic reading volume and be familiar 
with Chinese, which can be achieved through reading 
training. Research shows that readers perform better 
when in a familiar context.

In daily teaching, teachers should adopt reading sce-
narios that readers are more familiar with, such as adding 
contextual information, providing bilingual compari-
sons, and increasing reading training to improve readers’ 
familiarity. In addition, the semantic transparency effect 
also suggests that readers’ reading performance will be 
worse in conflict situations. Two strategies can be used 
in the teaching process to help improve readers’ abili-
ties. One is to add conflicting semantic vocabulary in 
daily training. When second language learners encoun-
ter opaque words, they are encouraged to do more rel-
evant training and be taught the correct discrimination 
skills. The other is to reduce semantic conflict when 
reading text is unfamiliar. Because the unfamiliarity of 
the text will increase the cognitive difficulty of readers, 
it will consume a lot of cognitive resources. At this time, 
if the text also contains many words with semantic con-
flict, readers may give up the reading task because of the 
high difficulty and cognitive overload. Finally, long-term 
training can improve reading ability. In sum, the neuro-
physiological evidence for word recognition in Chinese 
reading is still insufficient, and more empirical evidence 
can be expanded in the future. Subsequent studies can 
select second-language readers or children with insuf-
ficient Chinese reading experience to examine how they 
process different types of words in texts, such as real and 
fake. In different situations, readers’ relative familiarity is 
different, and the eye-saccade distance may be adjusted 
accordingly; the segmentation strategy and recognition 
may change [33], which may provide new findings for the 
Chinese E-Z reader model.
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Furthermore, this study can also be extended to other 
language speakers, such as Hebrew or Uyghur, whose read-
ing direction is opposite to that of Chinese. When native 
speakers of Hebrew or Uyghur learn Chinese, the direc-
tional unfamiliarity and the difficulty of the segmentation 
make their learning more difficult. Therefore, we can help 
them learn Chinese by improving semantic transparency, 
reducing text unfamiliarity, and increasing reading training.

Conclusion
In summary, this study supports the following conclusions:

(1) Familiarity with the format affects the lexical pro-
cessing in Chinese reading. Under the familiar format, 
adult readers exhibited a shorter fixation time, a higher 
skipping rate, and a reading position closer to the word’s 
center. (2) The Semantic transparency of two-character 
words influences word recognition in Chinese reading. 
The fixation time for transparent words is shorter, the 
skipping rate is higher, and the reading position is closer 
to the center of the word. (3) Two-character word pro-
cessing in Chinese reading is more inclined towards the 
combined access model (CA) [29]. Whether it is transpar-
ent or ambiguous word processing, lexical access results 
from the interaction between whole word processing and 
morpheme processing, and which one holds the domi-
nant position depends on the reader’s segmentation strat-
egy. Under different formats, the reader would change 
the segmentation strategy of words to promote lexical 
processing. (4) The interaction between format familiar-
ity and semantic transparency in the early stages is signifi-
cant. There is a significant semantic transparency effect 
from left to right, and the format unfamiliarity delayed the 
appearance of the semantic transparency effect under an 
unfamiliar format. The delay may be due to a change in 
segmentation strategy. The inconsistency of early and late 
interactions indicates a partial separation of Chinese word 
segmentation and recognition. In conclusion, this study 
supports the Chinese E-Z reader model [33].
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