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Abstract. This paper systematically reviews the application of eye-tracking tech-
nology in studies of Chinese reading among Uyghur learners of Chinese. Existing
findings are analyzed from three perspectives: the perceptual span in Chinese
character and word reading, eye-movement studies of Chinese texts across dif-
ferent genres, and cross-linguistic comparisons. The analysis reveals the effects
of language proficiency and cognitive differences on the cognitive mechanisms
underlying reading. Using an experimental approach, the study finds significant
differences between Uyghur and Chinese in cognitive processing. Typological
features of the two languages influence the range of the perceptual span, while
the dynamic adaptation mechanisms of bilingual readers still require further in-
vestigation. Future research should strengthen ecological validity, expand the ap-
plication scenarios of relevant technologies, and construct a theoretical frame-
work of Chinese reading cognition that reflects the characteristics of Uyghur
learners.
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Introduction

As the language with the largest number of users in the world, Chinese has witnessed a
rapid increase in demand as a second language in parallel with its growing international
influence.'' Learners from diverse ethnic and cultural backgrounds have joined the
community of Chinese-language learners. Among them, Uyghur learners are of partic-
ular research value because of their distinctive linguistic and cultural system. Uyghur
differs markedly from Chinese in phonology, vocabulary, grammar, and other linguistic
domains, thereby providing a highly representative sample for research on second lan-
guage acquisition. The perceptual span in reading is a core indicator in reading-cogni-
tion research. /It refers to the range of useful information that readers can obtain during
a single fixation, and its size directly reflects the speed and efficiency of information
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processing. It is therefore a key parameter for measuring reading-cognition ability. Eye-
tracking technology provides an effective means for revealing the dynamic cognitive
mechanisms of the reading process. Eye trackers can precisely record the trajectory of
eye movements during reading, including fixation locations, fixation durations, and
saccade amplitudes. PlThese data function as a “reading diary”, allowing researchers to
examine how learners acquire, process, and comprehend information during reading.
The findings can provide a scientific basis for optimizing Chinese-language teaching
methods and improving the Chinese reading ability of Uyghur and other learner groups,
thereby advancing research on the teaching of Chinese as a second language!!.

At the theoretical level, this study helps to verify the applicability of cross-linguistic
theories of reading cognition. Because languages differ substantially in phonology, vo-
cabulary, and grammar, their reading-cognition processes also vary according to lin-
guistic characteristics. Uyghur and Chinese belong to different language families. In-
vestigating the perceptual span of Uyghur learners during Chinese reading can therefore
test the validity and accuracy of existing cross-linguistic reading theories in explaining
the reading behavior of non-native readers.* If a theory can reasonably account for the
reading-cognition phenomena observed in this group, it may be considered broadly
generalizable; if discrepancies are found, the theory can be revised and refined accord-
ingly. This line of research also broadens the perspective of second language acquisi-
tion studies. Traditional second language acquisition research has focused primarily on
the acquisition of linguistic components such as vocabulary and grammar, while rela-
tively less attention has been paid to the cognitive processes involved in reading. ! Tak-
ing perceptual span as a specific entry point makes it possible to reveal in depth the
information-processing mechanisms of learners during reading, opening a new path for
second language acquisition research and further enriching its theoretical system [?]. At
the practical level, the results of this study can provide a scientific basis for Chinese
instruction oriented toward Uyghur learners. ['By understanding learners’ perceptual-
span characteristics in Chinese reading, teachers can adjust teaching content and meth-
ods accordingly. For example, reading materials can be designed with appropriate
length and difficulty in line with the range of the perceptual span, and the pace of in-
struction can be optimized so that learners can acquire and process information more
efficiently, thereby improving their Chinese reading ability and overall learning out-
comes.

2 Research Techniques and Methods

2.1  Principles of Eye-Tracking Technology

The system of key indicators in eye-tracking technology is an important tool for quan-
tifying visual-cognitive processes. [First fixation duration reflects participants’ initial
attentional capture by a target stimulus and can rapidly reveal the salience of the stim-
ulus. The number of regressions reflects the degree to which participants repeatedly
process information; a larger number of regressions may indicate more complex infor-
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mation or the presence of cognitive conflict. Pupil diameter, as a physiological indica-
tor, is closely related to cognitive load: as the difficulty of a cognitive task increases,
pupil diameter tends to enlarge accordingly.’® Saccade amplitude reflects the strategy
and range of visual search, with larger amplitudes suggesting a global search strategy
and smaller amplitudes indicating more local, fine-grained processing [?!. The moving-
window paradigm provides an effective approach for investigating perceptual span.’!
By controlling the size and position of the visible region, researchers can progressively
reveal the range of information that participants can process simultaneously under dif-
ferent conditions, that is, the perceptual span. This paradigm contributes to a deeper
understanding of the parallel and serial characteristics of visual information processing
as well as the mechanisms underlying the allocation of attentional resources!!. Data
collection and analysis are critical for ensuring the reliability of the findings. During
data collection, all key indicators must be accurately recorded.!'”! During data analysis,
the construction of mixed-effects models can fully account for within-participant and
between-participant variability and improve the accuracy of statistical inference. Out-
lier treatment is also an indispensable step; appropriate methods for handling outliers
can prevent extreme data from biasing the results and ensure that the conclusions are
valid and scientifically sound.

2.2 Research Methods

Participants. The participants were 10 Uyghur college students from Northwest Minzu
University, including five males and five females, with a mean age of 22 years. All 10
participants were native speakers of Uyghur and could read the Uyghur script fluently.
They had all taken the Chinese Proficiency Test (HSK) and had reached an advanced
level. All participants had normal or corrected-to-normal vision, no color-vision defi-
ciency, no reading disabilities, and were unaware of the purpose of the experiment.

Selection of Materials. The experimental materials presented to the participants con-
sisted of horizontally arranged Chinese sentences. The materials comprised 50 sen-
tences selected from the seventh-grade Chinese-language textbook published by the
People’s Education Press. Each selected sentence was 16 to 17 Chinese characters in
length.['!]

3 Experimental Results and Analysis

3.1 Means of Eye-Movement Indicators under Different Window Conditions
among Uyghur College Students

The means and standard deviations of the five eye-movement indicators across the eight
window conditions were first calculated. The results are presented in Table 1.

An analysis of variance (ANOVA) was conducted on the five eye-movement indi-
cators of horizontal Chinese reading among Uyghur college students to examine the
window-limitation effect. [!'The results were as follows: fixation count, F(7, 56) =



220 X. Li et al.

22.71, p <0.01; total fixation duration, F(7, 56) = 40.58, p <0.01; mean fixation dura-
tion, F(7,56)=47.51, p <0.01; reading speed, F(7, 56) = 16.39, p <0.01; and rightward
saccade amplitude, F(7, 56) = 18.46, p <0.01.

Table 1. Means and standard deviations of eye-movement indicators under different window
conditions among Uyghur college students.

Window Fixation Total fixation du- Mean fixation Reading speed  Saccade am-
condition count ration (ms) duration (ms) (chars/min) plitude (°)
10117.42
RO 23.79 (6.00) (2655.94) 279.15 (56.29) 202.00 (40.00) 1.23 (0.34)
R1 17.08 (5.10) 5713.75 (1946.49)  237.14 (63.45) 215.40 (71.47) 1.40 (0.24)
R2 15.56 (5.92) 4997.75 (2323.83)  276.37 (63.16) 265.15 (88.63) 1.63 (0.25)
R3 15.40 (5.54) 4937.30 (1854.47)  334.78 (62.40) 280.17 (86.32) 1.76 (0.35)
R4 14.96 (5.16) 4797.68 (1984.70)  286.42 (59.93) 279.62 (81.78) 1.81(0.38)

L1R4 13.56 (3.94) 4330.06 (1909.43)  283.87 (57.58)  289.91 (109.39) 1.89(0.37)
L2R4 13.66 (5.04) 4234.14 (1679.55)  293.53 (56.86) 291.84 (96.81) 1.94 (0.49)
Full line 13.59 (4.43) 4124.15 (1496.20)  278.44 (47.93) 286.86 (93.72) 1.98 (0.43)

Note. Standard deviations are given in parentheses. Saccade amplitude is reported in degrees of visual angle.

These results indicate that the five eye-movement indicators in this experiment ex-
hibited a significant window-limitation effect across the eight window conditions. As
shown in Table 1, with the enlargement of the visible window, participants’ mean fix-
ation duration and total fixation duration gradually decreased, whereas rightward sac-
cade amplitude increased and reading speed accelerated.['?!

3.2 Range of the Perceptual Span in Horizontal Chinese Reading among
Uyghur College Students

To determine the range of the perceptual span in horizontal Chinese reading among
Uyghur college students, two types of comparisons were required. First, the validity of
the largest window setting was examined by comparing the largest window condition
(L2R4) with the full-line condition, in order to verify that the largest window did not
interfere with normal reading. Second, the range of the perceptual span in horizontal
Chinese reading among Uyghur college students was determined.'*!

Table 2. Paired comparison between the L2R4 and full-line conditions on five eye-movement

indicators.
Comparison Statistic Fixation Total fixation = Mean fixa- Reading  Rightward sac-
count duration tion duration speed cade amplitude
L2R4 vs. full line t -0.57 1.27 -0.24 0.86 0.43
L2R4 vs. full line )4 0.59 0.54 0.43 0.35 0.69

As shown in Table 2, p > 0.05 for all five paired indicators. This indicates that the
largest window condition used in this experiment, L2R4 (i.e., a window comprising



A Study on the Perceptual Span in Chinese Reading among Uyghur ... 221

two Chinese characters to the left and four Chinese characters to the right of the fixation
point), did not differ from the unrestricted full-line condition with respect to reading
activity. Under the L2R4 condition, participants’ normal reading was therefore not af-
fected.

Table 3. Paired comparisons between window conditions on five eye-movement indicators.

Comparison Statistic Fixation Total fixa- Mean fixa-  Reading Rightward

count tion dura- tion dura- speed saccade am-
tion tion plitude

L1R4 vs. R4 t 3.12 1.89 -2.34 -2.41 -2.01
LI1R4 vs. R4 §4 0.01 0.04 0.038 0.03 0.04
L1R4 vs. L2R4 t 0.39 1.33 0.16 -0.42 -1.20
L1R4 vs. L2R4 p 0.69 0.14 0.75 0.65 0.19
R4 vs. RO t 12.14 8.50 8.34 -6.34 -6.56
R4 vs. RO )4 0.00 0.00 0.00 0.00 0.00
R4 vs. R1 t 391 2.52 2.38 -2.82 -4.43
R4 vs. R1 )4 0.01 0.024 0.032 0.02 0.00
R4 vs. R2 t 1.69 0.49 -0.42 -0.40 -2.21
R4 vs. R2 p 0.13 0.65 0.66 0.68 0.04
R4 vs. R3 t 1.02 0.74 -0.82 -0.56 -0.72
R4 vs. R3 )4 0.25 0.38 0.35 0.47 0.46

A second set of comparisons was then conducted to determine the perceptual-span
range. To determine the range to the left of the fixation point, Table 3 shows that in the
paired comparison between L1R4 and R4, all five eye-movement indicators reached
statistical significance:!' fixation count (¢ = 3.12, p < 0.05), mean fixation duration (¢
=-2.34, p <0.05), total fixation duration (¢ = 1.89, p < 0.05), reading speed (# = -2.41,
p <0.05), and rightward saccade amplitude (¢ =-2.01, p < 0.05). In contrast, the paired
comparison between L1R4 and L2R4 yielded no significant differences on any of the
five indicators: fixation count (¢ =0.39, p > 0.05), mean fixation duration (z = 0.16, p >
0.05), total fixation duration (¢ = 1.33, p > 0.05), reading speed (¢ = -0.42, p > 0.05),
and rightward saccade amplitude (¢ = -1.20, p > 0.05). These results indicate that the
L2R4 condition (two characters to the left and four to the right of the fixation point) did
not differ significantly from the L1R4 condition (one character to the left and four to
the right), suggesting that readers were unable to extract useful information from the
second character to the left of the fixation point.

To determine the range of the perceptual span to the right of the fixation point, the
paired comparison between RO and R4 showed that all five eye-movement indicators
reached statistical significance: fixation count (¢ = 12.14, p < 0.01), mean fixation du-
ration (¢ = 8.34, p < 0.01), total fixation duration (¢ = 8.50, p < 0.01), reading speed (¢
=-6.34, p < 0.01), and rightward saccade amplitude (¢ = -6.56, p < 0.01). In the com-
parison between R1 and R4, all five indicators likewise reached statistical significance:
fixation count (¢ = 3.91, p < 0.05), mean fixation duration (¢ = 2.38, p < 0.05), total
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fixation duration (¢ = 2.52, p < 0.05), reading speed (¢ =-2.82, p < 0.05), and rightward
saccade amplitude (¢ = -4.43, p < 0.05). In the comparison between R2 and R4, four
eye-movement indicators failed to reach statistical significance: fixation count (¢ =1.69,
p > 0.05), mean fixation duration (¢ = -0.42, p > 0.05), total fixation duration (¢ = 0.49,
p > 0.05), and reading speed (¢ = -0.40, p > 0.05). In the comparison between R3 and
R4, all five eye-movement indicators failed to reach statistical significance, with right-
ward saccade amplitude (¢ = -0.72, p > 0.05) finally also reaching the baseline level of
full-line reading.

4 Conclusion

The ANOVA results revealed that the eight window conditions in this experiment ex-
erted differential effects on the eye-movement indicators, manifested as a clear win-
dow-limitation effect. '®'The findings also indicate the presence of a parafoveal pre-
view effect during reading.l'” As the visible window enlarged, fixation count, mean
fixation duration, and total fixation duration gradually decreased, reading speed stead-
ily increased, and rightward saccade amplitude expanded. ['!IWith respect to the per-
ceptual-span range to the left of the fixation point, the paired comparison between L1R4
and R4 showed significant differences, indicating that participants could acquire infor-
mation from one Chinese character to the left of the fixation point. With L1R4 as the
baseline, the comparison between L1R4 and L2R4 showed no significant differences,
indicating that participants could not extract information from the second character to
the left of the fixation point. With respect to the perceptual-span range to the right of
the fixation point, R4—the largest right-side window condition—was used as the ref-
erence and was paired separately with the other right-side window conditions. Signifi-
cant differences were observed between R1 and R4. In the comparison between R2 and
R4, four eye-movement indicators failed to reach statistical significance, and in the
comparison between R3 and R4, none of the five indicators reached statistical signifi-
cance. Based on the paired comparisons across the five eye-movement indicators under
different window conditions, it can be inferred that the perceptual span in horizontal
Chinese reading among Uyghur college students extends from one Chinese character
to the left of the fixation position to two or three Chinese characters to its right.
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