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Abstract

This study examined how language knowledge and item properties (i.e., semantic related-
ness and position) influenced Chinese missing logographeme effects. Eighty-four Chinese
readers and 53 English readers were asked to search for the Chinese logographeme Il
while reading a Chinese prose passage. The target [ appeared in five different positions
(i.e., left, right, top, bottom, or inside), varying its degree of semantic relatedness to its
embedded characters. The generalized linear mixed-effect model revealed a significant
interaction between semantic relatedness and position in Chinese, but not in English, read-
ers when visual complexity and frequency were controlled. For Chinese readers, a higher
omission rate occurred when [ appeared in the top and inside positions and exhibited low
semantic relatedness with its embedded characters, whereas [l was omitted more when it
was positioned on the right and exhibited high semantic relatedness to its embedded char-
acters. English readers exhibited a different omission pattern: F was omitted more when it
appeared in the left or right position irrespective of semantic relatedness. In addition,
was omitted more in the inside, rather than the bottom, position. These findings suggest
that the omission rate of the logographeme is determined by item properties at the sub-
lexical level and the reader’s language knowledge.

Keywords: missing logographeme effect; position; reading experience; semantic relatedness

When skilled readers are asked to mark all occurrences of a target letter while reading a
prose passage for comprehension, they often do not achieve perfection though the task
may seem easy (for a review, see Klein & Saint-Aubin, 2016). Letters (e.g., t) are more
likely to be omitted when they are embedded in a frequent function word (e.g., the) than
in a less frequent content word (e.g., tie or toe). This effect is known as the missing-letter
effect (MLE), which has been widely observed in English (e.g., Corcoran, 1966; Healy &
Cunningham, 2014) and many other alphabetic languages, including Dutch (e.g.,
Assink & Knuijt, 2000), French (e.g, Plamondon, Roy-Charland, Chamberland,
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Quenneville, & Laforge, 2017; Saint-Aubin & Klein, 2004), German (e.g., Miisseler,
Koriat, & Nifilein, 2000; Miisseler, Nifilein, & Koriat, 2005), and Greek (e.g., Chitiri
& Willows, 1997). Moreover, the magnitude of MLE has been shown to be influenced
by the position of the target letter in the word (e.g,, Assink & Knuijt, 2000; Guérard,
Saint-Aubin, Poirier, & Demetriou, 2012; Schneider & Healy, 1993) and the function
role of affixes (ie., prefix or suffix) in a morpheme (e.g., Beyersmann, Ziegler, &
Grainger, 2015; Drewnowski, 1981; Koriat & Greenberg, 1991). However, the questions
of whether, and if so, how position and semantic function at the sublexical level inter-
actively affect MLE remain unexplored, especially in a nonalphabetic language such as
Chinese whose basic writing units are not letters but logographemes.

Contemporary models of MLE, developed on the basis of English alphabetic lan-
guage, have described the roles of item properties such as word frequency (i.e., the
unitization model: Healy, 1976, 1994; Minkoff & Raney, 2000), word functionality
(i.e., the structural hypothesis: Koriat & Greenberg, 1991, 1994), the interaction
between word frequency and function and contextual constraints (ie., the
guidance-organization model: Greenberg, Healy, Koriat, & Kreiner, 2004), and
the timing of attentional disengagement (i.e., the attentional-disengagement model:
Roy-Charland, Saint-Aubin, Klein, & Lawrence, 2007). However, the impact of
these item properties at the sublexical level and their possible interaction with read-
ers’ contextual knowledge were neglected in these models due to the constraints of
English orthography. Languages using nonalphabetic scripts, like Chinese, are par-
ticularly well-suited for testing and extending these models because Chinese logo-
graphic characters contain unique sublexical units such as logographemes that
cannot be found in English and other alphabetic orthographies.

Specifically, unlike English and other alphabetic languages, which use distinct
letters to form words, Some complex Chinese characters can be decomposed into
independent, identifiable logographemes, that is, units equal to or smaller than
radicals but larger than strokes (e.g., Law & Leung, 2000; State Language
Commission, 1998). For example, the left-right structured character " (to drink)
comprises five basic logographemes (i.e., I1, H, 7], A, and L). More impor-
tantly, logographemes exhibit positional and semantic functional properties so
that they can appear in different positions and convey different degrees of seman-
tic relatedness to their embedded characters. A typical example is the commonly
used Chinese logographeme H /kou3/ (mouth; Language Commission, 1998),
which can occur in the left (e.g., " to drink), right (e.g., %1 to know), top (e.g.,
A expressionless), bottom (e.g., 7+ to swallow), or inside (e.g., IF] to ask) position
of a character indicating mouth-related concepts or meanings. However, [ can
also exist in these positions but convey little mouth-related meaning to its embed-
ded characters, as in left (e.g., 't leaf ), right (e.g., JIll to add), top (e.g., i1 member),
bottom (e.g., £ platform), or inside (e.g., 7] sentence). Such unique positional and
functional properties exhibited by the Chinese sublexical logographemes allow us
to examine an important theoretical question missing from contemporary MLE
models: do position and semantic relatedness of the target logographeme interac-
tively influence the omission rate of the target logographeme search during the
reading/viewing of a Chinese passage?

To date, only two studies have examined the Chinese missing logographeme
effect during Chinese passage reading (Greenberg & Chuan, 2010; Tao & Healy,
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2002). One study by Greenberg and Chuan (2010) demonstrated that the function
of a Chinese character influenced the radical detection during Chinese text reading.
In their study, skilled adult Chinese readers were asked to search for the embedded
target radical 4 in the character 73, which can act in compound words as either a
function morpheme (e.g., 15 in case and &5 willing to), a vacuous morpheme
(e.g., FLTF to win and BETS fo know), or a content morpheme (e.g., #E15 difficult to
come by and A1 have to). By contrasting the omission rates of these three types of
target morphemes, Greenberg and Chuan (2010) found that function and vacuous
morphemes exhibited higher omission rates than content morphemes, while no dif-
ference occurred between function and vacuous morphemes, thus emphasizing the
role of character function in missing Chinese logographeme effect during reading.

Another study by Tao and Healy (2002) showed that the omission rate of the
target radical was influenced by the position of its embedded morpheme. In their
study, three groups of participants (i.e., native Chinese readers, native English
readers with 2 years of Chinese learning experience, and native English readers
with no Chinese learning experience) were instructed to detect the radical
{ (water) while reading a Chinese prose passage. By manipulating the character
frequency and position, that is, the initial position (e.g., A1 law) of two-
character words, the final position of two-character words (e.g., i#7% break the
law), and the single character condition (e.g., 1§ slip), they found that native
Chinese readers tended to omit the target radical when it appeared in the final
position of high frequency two-character words.

Although these two studies provided initial evidence that position and function roles
of Chinese radicals influenced the radical detection performance during Chinese pas-
sage reading, it is worth noting that neither of these studies directly manipulated the
position or the semantic function of the target radical within a character nor the possible
interaction between them. Specifically, Greenberg and Chuan (2010) looked only at the
effect of semantic function of the character on detection performance during Chinese
reading, while Tao and Healy (2002) focused solely on the position effect of two-
character compound words. In Tao and Healy’s study, it should be noted that the pre-
assigned target radical 7 (water) had a fixed left position across all of its embedded
characters, and it provided a semantic clue indicating water-related concepts for some
embedded characters, including ¥ (sea) and 7 (thirsty), but not for other embedded
characters, such as ¥ (law) and ¥ (disappear), which makes it difficult to distinguish
whether the observed effect reflected the position effect of the radical or a combination
of position effect and semantic relatedness effect to the whole character. In addition, in
both Greenberg and Chuan’s (2010) and Tao and Healy’s (2002) studies, “position” and
“function” are defined in terms of the whole character rather than the target radical,
which neglects entirely the possible effect of positional and semantic function properties
exhibited by the radicals, as well as the interaction between them. Thus, the first aim of
the present study is to extend these previous studies by examining the possible interac-
tion between position and semantic relatedness at the sublexical level during Chinese
prose reading.

In addition to the properties of Chinese logographemes, readers’ language
knowledge may also play a role in the omission of the target logographeme during
prose reading. For example, Tao and Healy (2002) investigated whether language
knowledge influenced Chinese radical detection by recruiting five groups of
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participants with different language backgrounds: native Chinese speakers, native
English speakers with 2 years of Chinese language experience, native English
speakers with 1 year of Chinese language experience, English speakers with no
Chinese language experience, and native Japanese speakers with no Chinese lan-
guage experience. By comparing the detection task performances of these five
groups, Tao and Healy (2002) found that native Chinese speakers exhibited the
largest difference of omission rates between high-frequency and low-frequency
Chinese compound words, while this difference was smallest for native English
speakers with 2 years of Chinese language experience. Furthermore, native
English speakers with 1 or 2 years of Chinese language experience and native
Japanese speakers demonstrated no character familiarity effect on the search task.
However, due to the limitation of the design, Tao and Healy (2002) did not exam-
ine how item properties (i.e., the position and semantic relatendess of the radicals)
and language knowledge jointly influenced the missing logographeme effect in
Chinese. Thus, the second aim of the present study is to examine how different
language experiences (i.e., Chinese readers vs. English readers) and item proper-
ties (i.e., position and semantic relatedness of the target logographeme) influence
the detection of Chinese logographemes during passage reading.

Our motivation for this second aim comes from the striking differences between
Chinese and English writing systems. Unlike English, Chinese is a morphosyllabic
writing system that uses logographic characters to indicate sounds and meanings
(for a review, see Tong & McBride, 2018). One Chinese character represents one lex-
ical morpheme, which corresponds to one single word or a part of a compound word.
The character, which can be visually complex, appears in the sentence as a fixed visual
block without an obvious interword boundary, which may increase the difficulty of
identifying these characters (e.g., Liu, Chen, & Wang, 2016). In contrast, English is an
alphabetic language with clear visual spacing between each word. Therefore, due to
the higher visual complexity of Chinese script, a stronger visual-spatial skill is
required for reading complex graphemes with larger grapheme inventories, which,
in turn, can be influenced by reading experience (Chang, Plaut, & Perfetti, 2016).

In addition, most English letters occur in various positions, rather than a fixed one,
in English words (Bourne & Ford, 1961) so that participants may adopt a bottom-up
processing manner when they are instructed to detect a preassigned target letter in
English reading. Unlike English letters with unpredictable positions, Chinese logogra-
phemes exhibit distributional position properties in the formation of Chinese char-
acters. For example, the most typical and frequently occurring position of I is the left
or the bottom for left-right or top-bottom structured characters, respectively. Such
distributional information of H is usually acquired through extensive exposure of
Chinese characters by skilled Chinese readers. Thus, we would expect Chinese readers
to adopt a top-down mechanism when instructed to search for the logographeme I
in a prose passage. Taken together, we hypothesized that language experience would
influence the detection of a logographeme. Specifically, English speakers who lack
orthographic and lexical knowledge of Chinese would have a higher omission rate
than Chinese readers when asked to detect the preassigned Chinese logographeme
F during Chinese text reading. In addition, the visual positional properties of
Chinese logographemes may influence the detection performance even for English
readers who do not possess sufficient language knowledge of Chinese.
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To summarize, the present study aims to utilize unique position and semantic
function of logographemes in Chinese to examine two theoretically important but
unresolved questions relevant to MLE across languages. The first question focuses
on whether the position (ie., left, right, top, bottom, and inside) and semantic
relatedness (i.e., the semantic relations between the logographeme and its embedded
characters) influence the omission rate of a preassigned logographeme during Chinese
prose reading. The second question investigates whether, and if so, how language
knowledge and item properties interactively affect Chinese logographeme detection
during Chinese prose reading. To address these two questions, native Chinese and
English readers were asked to search for the target logographeme F while reading
a Chinese prose passage. Given that frequency effect has been extensively explored
in previous studies, only high frequency characters were used as target characters
in the present study, and the omission rates between native Chinese and English
groups were compared.

Method
Participants

The participants were 84 native Chinese readers and 55 native English readers
between the ages of 19 and 25. All Chinese readers were native Mandarin-speaking
undergraduates studying at South China Normal University in China, and all
English participants were native English-speaking undergraduates with no
Chinese or other Asian language learning experience studying at Dalhousie
University in Canada. According to the self-reported language background ques-
tionnaire, all participants were proficient readers of their native language, and none
had any history of language, reading, or other types of specific learning difficulties.

Materials

The testing materials consisted of the logographeme searching task (i.e., instruc-
tions, a practice passage, a testing passage, and the multiple-choice questions)
and a language background questionnaire (see Appendix A).

The Logographeme Searching task was designed according to the principle and
format of the English MLE task and served to assess participants’ attention to the
details of Chinese characters during Chinese prose reading/viewing. Participants
were instructed to circle all characters containing the target logographeme H in
the text. The practice passage was eight sentences in length and was provided to
familiarize participants with the test instructions.

Both practice and test passages were designed by the first author. The test passage
was a fantasy story consisting of 84 sentences with 3,378 characters. A total of 35
Chinese characters containing the logographeme -] were selected as the target char-
acters. All were high-frequency characters found in the “List of Frequently Used
Modern Chinese Characters” (State Language Commission of China, 1988). The aver-
age number of strokes and the mean frequency of all target characters were 7
(SD=2.37, range from 5 to 16) and 0.16 (SD =0.24, range from 0.00 to 0.98),
respectively.
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Because the logographeme [ could appear in the five different positions (i.e.,
left, right, top, bottom, or inside) carrying varied degrees of semantic relatedness
to its embedded characters (see Figure 1), 11 different characters contained H on
the left side (e.g., " leaf and M to drink), 4 on the right side (e.g., /Il to add and
1 to know), 5 in the top position (e.g., i1 member and & expressionless), 11 in the
bottom position (e.g., £ platform and 7 to swallow), and 4 in the inside position
(e.g., 7] sentence and |1 to ask). In order to increase the reliability, the target log-
ographeme [ appeared 241 times (i.e., left: 49 times; right: 57 times; top: 36 times;
bottom: 67 times; and inside: 32 times) in different target characters embedded in
the formal reading passage. Across all these occurrences, the logographeme 1 did
not appear as a separate, individual character, and it always appeared in a com-
pound word, phrase, or sentence context.

A semantic-relatedness rating on the logographeme F and its embedded charac-
ters was conducted to ensure that our semantic relatedness manipulation reflected
native Chinese readers’ perceived semantic relatedness. We asked 58 native
Chinese speakers to rate the semantic relatedness between semantic radicals and their
embedded characters on a 5-point Likert scale (0 = not related at all to 4 = highly
related). The mean semantic relatedness of all target characters was 1.81 (SD = 1.35,
range from 0.24 to 3.83). The mean semantic ratings for each individual character was
reported in Table 1, and these semantic ratings were used for further analyses.

In addition, to ensure that participants were attentive during the testing, partici-
pants were asked to answer six multiple-choice questions at the end of each prose
passage. For Chinese readers, all reading materials were written in simplified
Chinese. For English readers, the instructions and questions were written in
English, but the practice and experimental texts were written in simplified
Chinese. Among the six multiple-choice questions of the test passage, three of them
were designed to assess participants’ understanding of the passage while the other
three aimed at assessing whether participants were attentive when reading the prose.
More specifically, two visual symbols (i.e., a four-leaf clover and a clock) and one
number (i.e., 16) were inserted into the test passage. Despite the fact that English read-
ers cannot comprehend Chinese texts, they were expected to correctly answer these
three questions regarding the detection of the symbols and number in the formal test-
ing session. The multiple-choice questions aimed to assess whether Chinese partic-
ipants read the passage for comprehension and English readers were attentive to
the text as instructed.

The Language Background Questionnaire consisted of 18 questions that col-
lected information about participants’ socioeconomic status, educational back-
ground, first and second language competences in terms of both oral and
written domains, as well as the age of acquisition/learning. In addition, partici-
pants were asked to report their reading experience and the frequency of use
of different languages. The full questionnaire can be found in Appendix A.

Procedure

Each participant received a stapled booklet comprising instructions, practice and
formal tests, and a language background questionnaire (see Appendix A). In the
instructions, the participants were explicitly told to read the text for comprehension
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Figure 1. The mean omission rate of the target appeared in the top, left, inside, right, and bottom posi-
tions with different levels of semantic relatedness by Chinese and English participants.

at their normal reading speed and circle all of the instances of I embedded in the
individual characters. The practice test was a one-page prose passage accompanied
by two multiple-choice questions. The formal test was a four-page prose passage
with six multiple-choice questions. In both the practice and formal testing sessions,
the participants were told that if they missed instances of H in the previous session,
they were not allowed to return and circle the target logographeme later. The target
logographeme I was displayed as a reminder in the upper left corner of each page.
In addition, the participants were informed that they needed to read the passage
carefully and complete the multiple-choice questions afterward.

Data analysis

As our dependent variable was the omission rate, our data were analyzed using the
generalized linear mixed model (GLMM; Baayen, 2008) with the maximum likeli-
hood approach (Laplace approximation). The analyses were computed using R soft-
ware (Version 3.6.1; R Development Core Team, 2011). The Ime4 (Version 1.1-12)
and car (Version 2.1.4) packages were adopted for the data analyses. Two English
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Table 1. Means and standard deviations of 5-point Likert ratings (0 = unrelated at all; 4 = highly related) of semantic relatedness between the logographeme and its
embedded target characters
Left Right Top Bottom Inside
Character Mean (SD) Character Mean (SD) Character Mean (SD) Character Mean (SD) Character Mean (SD)
it (leaf) 0.34 (0.69) 1 (if) 0.34 (0.64) %3 (another) 0.24 (0.57) % (each) 0.38 (0.67) *] (division)  0.28 (0.59)
1 (sound) 224 (1.19) i (to add)  0.43 (.073) ff (to hang) 0.38 (0.59) % (lucky) 0.38 (0.59) H] (permit) 1.22 (1.44)
] (chuckle)  2.34 (1.15) Al (and) 0.47 (0.71) A (member) 0.52 (0.80) 1 (ancient) 0.50 (0.71) 4] (sentence) 1.29 (1.15)
Iy (to shout) 3.24 (1.01) %0 (to know) 2.07 (1.07) £ (to present) 0.86 (1.12) 7 (apricot) 0.52 (0.80) [ (to ask) 3.10 (1.00)
1% (to blow) 3.26 (0.78) & (expressionless) 2.03 (1.30) £ (platform) .057 (.075)
] (to kiss) 3.39 0(.84) % (name) 0.76 (0.96)
it (to spit) 3.43 (0.92) % (to deny) 1.31 (1.26)
5 (to drink)  3.52 (0.71) # (to tell) 2.98 (0.93)
7 (to eat) 3.53 (0.75) % (to keep inside the mouth) 2.98 (0.96)
8 (to yell) 3.57 (0.60) 7 (to swallow) 3.38 (0.72)
B (mouth)  3.82 (0.53) JE (lip) 3.64 (0.58)

0CII

‘v 12 3uo],
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speakers were excluded from data analysis because they did not complete the task.
In the final data set, 137 participants were analyzed with 84 native Chinese speakers
and 53 native English speakers.

Results

Prior to the analysis of the omission data, our analysis of the response accuracy of the
reading comprehension questions showed that the mean percentages of correct
responses for Chinese and English readers were 84.72% (SD = 0.14) and 40.57%
(SD = 0.21), respectively. The linear mixed-effect model included language as the fixed
effect and the accuracy rate of the multiple-choice question as the dependent variable.
The results showed that the accuracy rate of reading comprehension in Chinese readers
was significantly higher than in English readers (Estimate = -0.44, SE=0.03,
t = -14.65, p < .001; Chinese readers were set as the reference level).

Figure 1 shows that the mean omission rate of the target logographeme appeared in
different positions with different levels of semantic relatedness by Chinese and
English readers. To examine the roles of logographeme properties and language
knowledge in target logographeme detection between Chinese and English readers,
we first evaluated the full GLMM on the omission rate with the position (ie., left
vs. right vs. top vs. bottom vs. inside), semantic relatedness, language knowledge
(i.e, Chinese readers vs. English readers), and their interactions as fixed effects;
and the item and subject as random intercepts. In addition, we controlled for the
visual complexity (i.e., strokes) and frequency (i.e., the log of word frequency) by
including these variables as fixed effects. In this model, the Chinese readers and
the bottom position were set as the references. Table 2 shows the estimated fixed
and random effects of the full model (i.e., Model 1). As shown in Table 2, the main
effect of position (p < .001), the two-way interaction effects of Language x Position
(ps < .001) and Position x Semantic Relatedness (ps < .001), and the three-way inter-
action effect of Language x Position x Semantic Relatedness (ps < .01) were all sig-
nificant. To further understand the three-way interaction of Language x Position x
Semantic Relatedness, we compared the full model with the reduced models (see
Table 3 for model comparisons), and the results showed that the interaction of
Language x Position x Semantic Relatedness was significant, AIC (Akaike informa-
tion criterion) = -202, y* (4) =210.51, p < .001.

We further analyzed the interactions separately for Chinese readers and English
readers. For Chinese readers, the full model included position, semantic relatedness,
and their interaction as fixed effects and item and subject as random intercepts. In
addition, the visual complexity (i.e., strokes) and frequency (i.e., the log of word fre-
quency) were controlled in the model. Table 3 presents the results of the comparisons
of the full models with the reduced models. By comparing the full model with the
reduced model, the interaction effect of Position x Semantic Relatedness was signifi-
cant, AIC = -14, x* (4) = 2245, p < .001. In addition, the main effects of position,
AIC = -5, ¥* (4)=12.77, p = .012, and semantic relatedness, AIC = -2,
x* (1) =3.93, p = .047, were both significant. Post hoc comparisons showed that
semantic relatedness influenced the omission rate of the right (Estimate = -0.15,
SE=0.06, z = -256, p = .010), top (Estimate=1.28, SE=0.20, z=6.55,
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Table 2. The fixed and random effects in the full model (i.e., Model 1)

Fixed effects Estimate SE z p

Intercept 2.85 0.26 10.97 <.001

Main effect of language: English readers vs. Chinese 0.22 0.22 0.98 .328

readers

Main effect of position: Inside vs. bottom -3.12 0.31 -9.95 <.001
Left vs. bottom -0.38 0.35 -1.09 .276
Right vs. bottom -0.26 0.28 -0.93 351
Top vs. bottom -0.52 0.27 -1.90 .057

Main effect of semantic relatedness (SR) -0.12 0.08 -1.47 142

Main effect of strokes -0.21 0.03 6.96 <.001

Main effect of frequency 0.19 0.04 -4.93 <.001

Language x Position: English, inside vs. Chinese, 2.45 0.17 14.47 <.001

bottom

Language x Position: English, left vs. Chinese, bottom  -2.53 0.17 -15.27 <.001

Language x Position: English, right vs. Chinese, -3.23 0.14 -23.71 <.001

bottom

Language x Position: English, top vs. Chinese, bottom  -0.65 0.15 -4.26 <.001

Language x SR: English, SR vs. Chinese, SR -0.04 0.05 -0.86 .388

Position x SR: Inside, SR vs. bottom, SR 1.25 0.17 7.30 <.001

Positionx SR: Left, SR vs. bottom, SR 0.25 0.13 1.94 .053

Position x SR: Right, SR vs. bottom, SR 0.08 0.23 0.35 729

Position x SR: Top, SR vs. bottom, SR 0.91 0.24 3.80 <.001

Language x Position x SR: English, inside, SR vs. -1.06 0.09 -12.30 <.001

Chinese, bottom, SR

Language x Position x SR: English, left, SR vs. -0.30 0.07 -4.18 <.001

Chinese, bottom, SR

Language x Position x SR: English, right, SR vs. 0.28 0.09 2.97 .003

Chinese, bottom, SR

Language x Position x SR: English, top, SR vs. -0.20 0.14 -1.43 152

Chinese, bottom, SR

Random effects Variance SD # obs.

Subject 1.35 1.16 137

Item 0.09 0.30 B85

Note: The generalized linear mixed effect model was applied because the dependent estimate was dichotomous (i.e.,
omitted or detected) and the mixed-effects were logistically regressed for participants’ correct identification on
multiple items. In this model, Chinese readers and the bottom position were the reference levels.

https://doi.org/10.1017/50142716420000466 Published online by Cambridge University Press


https://doi.org/10.1017/S0142716420000466

ssaud Aissaaun abplgquied Aq auluo paysliand 99700002791 L2 L0S/£101L°0L/B10"10p//:sdny

Table 3. The summary of the model comparison

Model
Model Fixed effects Random effects  R%Guumm) R’cimme comparison AlC AlC Statistic p
Model 1 Relatedness x Position x Language Subject + Item 234 421 28923
+ Stroke + Frequency
Model 2 Relatedness + Position + Subject + Item 231 417 Model 1 vs. 2 29125 -202 21051  <.001
Language + Relatedness x
Position + Position x Language +
Relatedness x Language + Stroke
+ Frequency
Model 3 Relatedness x Position + Stroke +  Subject + Item .070 .258 17652
(Chinese) Frequency
Model 4 Relatedness + Position + Stroke +  Subject + Item .047 .265 Model 3vs. 4 17666 -14 2245  <.001
(Chinese) Frequency
Model 5 Relatedness + Stroke + Frequency  Subject + Item .017 .261 Model 4 vs. 5 17671 -5 12.77 .012
(Chinese)
Model 6 Position + Stroke + Frequency Subject + ltem .050 272 Model 4 vs. 6 17668 -2 3.93 .047
(Chinese)
Model 7 (English)  Relatedness x Position + Stroke +  Subject + Item .369 .582 10960
Frequency
Model 8 (English)  Relatedness + Position + Stroke +  Subject + Item .367 .585 Model 7 vs. 8 10958 2 5.92 .205
Frequency
Model 9 (English)  Relatedness + Stroke + Frequency  Subject + Item .188 .613 Model 8 vs. 9 11010 -52 60.48  <.001
Model 10 Position + Stroke + Frequency Subject + Item .366 .585 Model 8 vs.10 10956 2 0.40 .526
(English)

Note: R%G um(m) indicates the variance explained by the fixed factors, while R%G () indicates the variance explained by the full model.
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p < .001), and inside (Estimate = 3.08, SE=0.38, t =8.08, p < .001) positions, but
not the other positions (ps > .05).

For English readers, significant main effects were found for the position only,
AIC = -52, X2 (4) =60.48, p < .001, but not for semantic relatedness, AIC =2,
x* (1) = 0.40, p = .526. Specifically, higher omission rates were found in the left or
right positions than in the top (left: Estimate=3.19, SE=0.35 z=9.00,
p < .001; right: Estimate=2.66, SE=0.41, z=6.51, p < .001), bottom
(left: Estimate =3.64, SE=0.29, z=12.44, p < .001; right: Estimate =3.12,
SE=0.36, z=8.69, p < .001), and inside (left: Estimate =2.83, SE=0.40,
z=7.08, p < .001; right: Estimate = 2.30, SE = 0.44, z = 5.20, p < .001) positions.
In addition, the logographeme -] appeared to be omitted more in the inside posi-
tion than in the bottom position (Estimate = -0.82, SE=0.37, z = -2.20,
p = .028). The interaction effect of semantic relatedness and position was not
found, AIC =2, ¥* (4) =5.92, p = .205.

Discussion

By manipulating the position of the target logographeme H (i.e., left, right, top,
bottom, or inside) and the degree of semantic relatedness to its embedded charac-
ters, we demonstrated that for Chinese readers, a higher omission rate occurred
when H appeared in the top and inside positions and exhibited low semantic relat-
edness with its embedded characters, whereas [ appeared to be omitted more when
it was positioned on the right and exhibited high semantic relatedness with its
embedded characters. In contrast, for English readers, Il was omitted more when
it appeared in the left or right position irrespective of its semantic relatedness. In
addition, [ appeared to be omitted more when it appeared in the inside position,
rather than in the bottom position. These findings indicate that both item properties
at the sublexical level and reader’s language knowledge influence the detection of the
target logographeme.

We found that skilled Chinese readers omitted [l more when it appeared in the
right position and was more semantically related to its embedded characters, but
such a pattern was not found in English readers. This difference may reflect different
processing mechanisms employed in the Chinese logographeme searching task, with
Chinese readers employing more top-down processing while English readers use
bottom-up processing strategies when searching for the logographeme . Most
skilled adult Chinese readers know that [l occurs more frequently in the left posi-
tion indicating mouth-related meanings (114 times in the “List of Frequently Used
Modern Chinese Characters”; State Language Commission of China, 1988) than in
the nontypical right position (only 5 times). Thus, it is not surprising that Chinese
readers allocated more attention to the left, rather than the right, side of the embed-
ded characters. In addition, our current result aligns well with the structural hypoth-
esis model suggesting that a higher omission rate was found when a target letter was
embedded in an affix (i.e., frequent spelling patterns with meaning function) rather
than a nonaffix (e.g., Beyersmann et al., 2015; Drewnowski & Healy, 1980).

In contrast, skilled Chinese readers appeared to omit 1 more when it was in the
top and inside positions and exhibited low semantic relatedness with its embedded
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characters. This may also reflect the distributional statistics of I in forming top-
bottom structured characters. According to the “List of Frequently Used Modern
Chinese Characters” (State Language Commission of China, 1988), I appears
12 times in the top position, 34 times in the bottom position, and 7 times in the
inside position. Compared to the bottom position, the top and inside positions
are nontypical positions for I in top-bottom structured characters. As a result,
skilled native Chinese readers tend to disengage their attention if the logographeme
occurs in nontypical positions (i.e., top and inside positions), especially when I is
less semantically related to its embedded characters.

To no one’s suprprise, an extremely higher omission rate was found among
English readers with no Chinese language ability compared to native Chinese read-
ers, which is consistent with previous research (e.g., Tao & Healy, 2002). It is obvi-
ous that due to a lack of Chinese character knowledge, English readers did not utilize
a top-down processing strategy during their search for the target logographeme. In
other words, unlike native Chinese readers, English readers were not able to access
or activate semantic information. Consequently, no context facilitation effect was
found in English readers when searching for the target logographeme 1.

The unique character structure of Chinese provided a fascinating window to
explore how visual-spatial features affected a visual search task. As demonstrated
in our study, English readers missed the target logographeme Il more when it
appeared in either the left or the right position, and the inside position had a higher
omission rate than the bottom position regardless of semantic relatedness. The
omission at the left or the right position can be explained by the way Chinese char-
acters are laid out in a passage. Unlike words in English, each Chinese character is a
unique, square-shaped structure with limited space between individual characters in
a sentence. In contrast, the lengths of individual English words vary, and there is an
obvious space between words in a sentence that serves as a boundary for word rec-
ognition (Greenberg & Chuan, 2010).

The distinct interspace between Chinese and English writing systems may also
account for the higher omission rates on the left and the right sides for English read-
ers (e.g., Bai, Yan, Liversedge, Zang, & Rayner, 2008; Blythe et al., 2012; Chen, Gu, &
Christoph, 2016; Saenger, 1997). According to Saenger (1997), if the interword
space is eliminated, English readers spend more cognitive resources, and may even
encounter comprehension difficulty, when attempting to process the uninterrupted
word sequence. This interword effect was also demonstrated in some Chinese stud-
ies (Bai et al., 2008; Bassetti, 2009; Blythe et al., 2012; Chen et al., 2016). In the cur-
rent study, when the target logographeme unit appeared on the left or the right side
of the character, the preceding or following character, respectively, might interfere
with the detection of the target logographeme because of the limited space separat-
ing the characters in a Chinese sentence (Tao & Healy, 2002).

In addition, the varying physical features of [ in different positions provide another
explanation for the omission in the left, right, and inside positions. For example, the
typical square [ resembles a horizontal rectangle when it occurs in the top position
(e.g., character % fo present), a vertical rectangle when it appears in the left-side position
(e.g., character M leaf), and a square when it appears in the inside position (e.g.,
character 1] to ask). The visual differences between these horizontal and vertical
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structures might lead to difficulties in logographeme detection for English readers who
did not have any previous knowledge of Chinese.

In particular, the higher omission rates for English readers when [ appeared in
the left, right, or inside position cannot be explained by the unitization model or the
structural hypothesis model. The unitization model highlighted the role of fre-
quency, while the structural hypothesis model emphasized the functional role in
letter detection. These two models neglected the possible influence from the
visual-spatial features of language. The attentional-disengagement model might
provide an explanation for the higher omission rates in left, right, and inside posi-
tions for English readers. Specifically, different spatial positions of logograhemes
might carry different visual characteristics, which can lead to different attentional
allocation patterns. For English readers, the attentional engagement pattern might
be influenced by the visual physical features of the logographeme . Again, it
should be noted that we did not directly manipulate attention components in
the current study; thus, whether and how attention disengagement occurred for
English readers needs further exploration.

Opverall, the findings of our study extend the missing letter effect into a nonal-
phabetic language by using the Chinese logographeme I to examine the interaction
effect of item properties and language experience. It is worth noting that our study is
innovative in exploring the semantic-related effect on character processing by focus-
ing on different types of spatial structures of Chinese characters. More important, by
taking advantage of the positional variation and semantic relatedness of the logo-
grapheme [, the present study demonstrated for the first time that item properties
(i.e., semantic relatedness and the position) at the sublexical level and readers’ lan-
guage experience interactively influenced the detection of the target Chinese logo-
grapheme. Our findings extend the contemporary MLE models by showing how a
sublexical unit, such as a logographeme, also plays a role in word recognition. In
addition, our finding of the interdependence between semantic relatedness and
position effect of F suggests that Chinese language teachers should instruct stu-
dents to pay more attention to the nontypical position information of sublexical
radicals. Furthermore, our findings of the effect of visual-spatial features on
English readers’ logographeme searching indicate that the educational programs
for learning Chinese as a foreign language need to include various positional fea-
tures of logographemes in order to facilitate foreigners learning Chinese characters.

However, although the present study has systematically manipulated the seman-
tic relatedness and positional variations of the logographeme [ within its embed-
ded characters, we did not examine the effect of positional frequency and the
possible influence of phonetic relatedness when [ served as the phonetic radical
for providing sound information of its embedded character (e.g., I /kou3/ (mouth)
in the characters 11 (to buckle) /koud/ and [} (to knock) /kou4/) in the logogra-
pheme searching. This is partly because, among the commonly used Chinese char-
acters, [l /kou3/ serves as the phonetic radical only in these two: 31 (to buckle) /
koud/ and Pl (to knock) /koud/. In addition, in our study, semantic relatedness was
assumed to be an intervally scaled variable; consequently, our model analysis treated
this variable as an equal interval. However, in reality, semantic relatedness may not
be an interval variable. Moreover, it is possible that the difference between succes-
sive intervals of semantic relatedness is not equal. Furthermore, only five typical
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positions of the logographeme [l were examined in the present study, and the sim-
ilar shape of the logographeme [ can also appear in the outside (e.g., &l country)
and the middle (e.g., % gram) positions. In addition, we did not examine the posi-
tion frequency. Thus, future research may consider quantifying semantic related-
ness more precisely and investigate further the effects of positional frequency
and phonetic relatedness on the logographeme searching.

It should also be noted that the current study focused on simplified Chinese char-
acters only. Although both simplified Chinese and traditional Chinese characters
share the same origin, they are different in terms of the visual complexities, with
traditional Chinese characters being more visually complex. Thus, an extension
of the present study should examine whether the same omission patterns would also
be observed in reading traditional Chinese prose. Furthermore, the present study
utilized a paper—pencil task, which makes it difficult to infer the online processing
of Chinese missing logographeme effect. Thus, it is worthwhile to use eye movement
techniques to further investigate the process of attention allocation and verify the
attentional disengagement model. In addition, though a significant interaction effect
between semantic relatedness and position was found for Chinese readers, it should
be noted that the current study only used the logographeme Il as the preassigned
target unit. Given the diverse logographeme units in the Chinese writing system
(about 560 basic units; Shi, Li, Zhang, & Shu, 2011), one important theoretical ques-
tion that should be addressed in future studies is whether our current results,
focused entirely on I, can be generalized for other Chinese logographemes.
Finally, although all of our Chinese undergraduate participants were skilled
Chinese readers, it is still unclear whether word reading skills, reading speed, or
reading fluency influenced the logographeme detection effect. Thus, future research
may consider controlling for these reading-related skills when exploring the missing
logographeme effect.

Despite these limitations, our study took the first step to demonstrate that
Chinese reader’s detection rate of the logographeme 1 was influenced by both
its position and the degree of semantic relatedness to its embedded characters.
In particular, Chinese readers were more likely to omit I when it appeared in
the top and the inside positions and exhibited low semantic relatedness with its
embedded characters, whereas [l appeared to be omitted more when it was posi-
tioned on the right of a character and exhibited high semantic relatedness with its
embedded characters. In contrast, for English readers, [l was omitted more when it
appeared in the left or the right position irrespective of semantic relatedness; in
addition, H appeared to be omitted more when it appeared in the inside, rather
than the bottom, position. These results highlight the impact of Chinese-specific
visual-spatial features on MLE, and suggest that missing logographeme effect pat-
terns are governed by both item properties and readers’ language experience, which,
in turn, provide additional evidence for Chinese missing logographeme effect.
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Appendix A

Instruction, practice passage, testing passage, and language background
questionnaire

la. Testing instruction for English participants
Dear Participant,

We first thank you for your participation in this visual searching experiment.
You will be shown a passage written in Chinese starting on the next page. This par-
ticular Chinese text is presented in a horizontal direction, which is typically read
from left to right. Your task is to read the text for comprehension at your normal
reading speed. In addition to reading normally, your task will be to circle each
instance of the symbol “H” included in this passage, which might appear as one
part of an individual character. For example, the target symbol could be embedded
in a character like

This is the target you will search for.

o

or in a character like
This is the target you will search for.

AN

The target symbol “IH” is displayed as a reminder at the top of each page. You must
be attentive to this search task because, afterward, you will be asked to answer six
multiple-choice questions about the passage. You should not slow down your read-
ing speed to get every “I1,” and if you ever notice a “I1” that you missed in a pre-
vious character, don’t retrace your steps to circle it.

This experiment includes practice, testing, and a language questionnaire. You can
ask the experimenter questions during practice. In the testing, you must look at each
line starting from the left and then move to the right. When you finish reading the
first page, move to the next one. When you get to the end of the text, turn the page.
Please answer the six multiple-choice questions. Afterward, you must fill in a lan-
guage questionnaire at the end.
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1b. Testing instruction for Chinese participants
A2, BaF ! BB S A e i s 5 .

FNHEEAT A R RO, KRR LUK AR IR,
MR, BRI HEAT B 151 LRI 7 I i 1E 0 32 ) 152
PRI S . FEPRRSCERE RN, B EE R A ST, EERL
BHUAEE B X e R R fildn,  FATERI B TR TR I

HMNEXHRBRFA”,

XE
— /

B AR TR I ALY

&

FENTH S E A, B0 B T5 2 BRI T SRR IRLE B 152 2 g 1) ) B =5 2
RIS PRT RTHEIN R BRI R S, e e, JA TR
RN P AR, E AR SCE RN A R HER, B
JRCHE A PR i e 0, R R B LI AT R e B AT o A T
R R E CAemE I 7ML E DT, RIS, 1A ]
SE P, WAL N . XA SRS IR URE F R
=M. B ARRT DL ANE 37 5217 .

XERMNENHNERFA"

2. Practice passage and multiple-choice questions (The characters containing the
target logographeme 11 are highlighted in gray color)

T, A EEBERE T HRSRN, KX PEE R 7T, T
FEFFERRNANZ, F-LREMBRSE, ZRREMa, I uoe. .. .
NT KX BAGEGE LT H, s TEEE R KRG e AE%00 T —
WRERKWER 2, M 1 30 i B A 4 it 200 B AR A B a2 44
Wite NS EES TR H, FRE. EW/aRERS b
TEA, HCHM, BEESREiE, MEEXEDBHRKRBLE, KRR
MLE EFIEEBH RN OB A FHFGE LS, MITRMmMESE, B3R
ab, FLEFEFEOBKKE FE ERE -V, £/ e T L EM e
B SRR, —FERIEmARN S SRS LR, Fok2E DTS
ANGHIEAS A AR F TR i ) A2 YRR/ T MM L R
WA, BRI T AR, USSR ANE A L AR TE S . 1K
INF, AR BN BN B R B E AR R R b E R E, A AAE
IR F A2 S/ NAR S R RE . 2R e ERE R E X s £ 16
YRR T e, By, REARZER S 2% M B R T A s DAk =2
Ly B EE KA TIRZ 2, &P T BBRERER, RIS
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JIEFATA RAERH KNP IEAL, FERXHE R KM H 7, WA E
A1) EE K E RAER N —F R E R m, BOE. » R EEke
NOEBPHELL NN ETIRED)  » WHH—F 780 T A 8. tHiE
IR A RYARNI S, SIIER SR T TR, S EEEIH —F
MORFERE T H AR

Multiple-choice questions were presented in Chinese and in English for Chinese and
English participants, respectively
TE R HARIA N2 IET 2 52/ Please circle the answer that you think is correct.

L NTHFIWE—ANE 52 IERiT? (Which answer is correct in this story?)
a. MiFREIMZTE. (The lion is the king of animals.)
b. M FIEFERZ##E. (The monkey is eating a banana.)
c. FEMEIIEUHRET Ao (Panda’s speech is upbeat.)
d. /M ERBEEE. (The little golden fish likes dancing.)

2. REAEEE @ HILTESCE H (Did you see ® in the text?)
a. f&. (Yes.)
b. INJE. (No.)

3. The testing passage and multiple-choice questions (The characters containing
the target logographeme 11 are highlighted in gray color).

“RRE ... PRNURR AR A, ZIMGEH T, ARERTHRR E SR INOT
ek ERIRE B, 4R T RN RER, TEECE MR 4t m e, $TE M
RiE AT TR T, AEEEIAERZEA ”

FEIX AR WA &R ERE R R A 2R, EFR2 AN B A
FUBAER AN o ABANUN %S 213X B3t F 56 2 I BRSHAE AR 1200417, 1 H.
FLI A AME A B RAS FU R A LA N2 R A B 22 A4
PR AR, R AR AER 2 o BRI, PE LA AR A 2
] —Lei b Al 50 A5 Le N 5 %A R R SRk, JLsE, ESERITETX
e A Al A I b e ) 7 SEE b C . SR ERIeSEH, il
?%%i%ﬂ%ﬂﬁm%%%ﬁ%ﬁ%ﬁ%ﬁ%%ﬂ%,m%im%ﬂﬁm

SR EFAE H — AR 4K, AR REINLIK L AE R (i 44 i 4
B, ESRERIRLE S5, AEHIIE B XA KAURIE KR, 1B
R, REE LRKANZFERZEN, FKERE RS LR U — L 1R
WE, iEEFRREEZH AR M. ESRAIR ALK AEBURSRIT, il
FFEA] DM AU N o SRRV O R B TR R 40T, ik ESRARLE
RN SN E o FoeAbilt BT ZIR IS T1E B QB b, <
SEA BT, MENTER NN Z R AT, FREFMATIE, 1t
IS FROARES F il b7, R A — PRI ISR . A bR SR TF IR AR A
T U A AEGE S AT — A Sl R A B AN B A SRR B 1508
TR 28R, —ERIIRFDEEFEFRIGETRITIREG, R AR, il
WUS R, WRATCERBE AR, MAEREK, HEAR], MAITEXAE &1
B, ABRAM X TCREAN ST T —=)L, HMAERDEER T, fhigigih i riR
G, RKILFEINLEKRAGA I T, AR AT I 2 — A e e ba A R, <EE
FEHRBEARC T eI F E, RSN . AR IRHOREEIE, —
MAF), HRTEHRA T, B EEBARKRLEG, &7 —2)L, F5-H
TERELS, AW 7L EAER TR A . b, A2 A EREE AR URiIX —
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PN S, H A HERE B A& VR fhIX 2 b RE S+ )\ iy
;%ﬁ@ﬂ%kTﬁﬁ%ﬁ%ﬁ%%#ﬂ%ﬂﬂ@\A%Wﬁ%&%ﬂ%%
KA

“Boe— NI T ! B SN E R ARG e s, AR A
W7 RES A4, M AMIER T SR 24, hin— AR
F—RERAMES ... ... X, ARFTHIL T —ANEIF K, ESRE
KFIFFEE T XA FEANRT, a7 — Al ke, A3
e <2, B ERXE ... IR AN AN R, X
%ﬁ%%@é%a&m%,%%%%ﬁﬂEEE%ﬁﬁﬁﬁﬁﬁ

/T 7

ARE R, SONZAAI B ANE T — SIS A A1 1 A RRE
M, FRAOKWEERE, — 2R b2, T2, At A B X
ik i 4f 2 4 2 A) 1 < BAF 2R FIX A MNIZIS N E IR, AR ]
H, BXEANH, 2EHEE, SR =0 RNEERK ! YRGB £ 5%
P 781X L) I S ZEAE AR 12 AR RAE R, IR 2SR EBE, mE
ey Bk 7 BRI, Wi H BATRA A A Wtk
AR FHLIRBCEE R BAER], XA HREMIERLETREMIET .

ERMAEZAES AN, 2N FMNOR R, RO ik
REHERNOCH, BeER, AW mitt, b, NAMIER T
XA, BIEEANA T BRURE X, ARG, BAE AR
BURFA B BURELERE, 101155 PR B ARk, Sl It TR R E /R
R AN MATEA ], BEREGEHEE . FREJE ML T
DEDNEIE BRI THIRRBH 45 ! 7iX i, 5t WARLE SR T Al ) B 3
G, PLAKBERNRA G RV E 1§ %, IFEABUAPH . T 58k
HEAERTHEN, YA B R IR R R RRREM, CZRE T “XHE
SN, AR, B2 A @ S Wt 4 154N | 2 58
I I PR R R P AT R 2 R MU 2 I, —ATIREEUEIR, SEHEUITE ) )\ Y P
HRRK S ER, WA S, JE B AN, S, AA
WIAEF R FIRIEMPHZAARIFIFE T, —— I FF 0L e () A o iU
+, YEAERAFE, AR RKEIKAZ R AAT. FEH, BRFEZHE)L
FATRAR TR EFRIF O K A2 KERFHR =, 2 B K5, &
HEZ=BKMAES . X =AHAG 2, KRR, wA N, BA B
RICTRMEE, 1ZZMENE, AWMz . EERER, Mils LA
NZ K, BHESNZ MR, ZARZH/MAA . F3a0 B XK= EHAE
HEJEA, MATZERAEIRK AR H— 8N R TS, R&—EXRAN
HEMPERFSERARBEINERZ —. 2N ERAF R — 22
TS, HETEENIREREM SR

PR E SRR IUTER R 8, B, OREMK TR, Mg EREANA
JZHE— N B AR AR (BEXANYTARN, A R 1)
M7, Mz 2w 1 LR A S AR SR AN 225 .

HT EFRPRERTE—RDIR, B ARk EME, BIREXE,
TMHIG R, AR FEBINREINR, DL AR IR 5K k1 e BRAGT30 AR AE R 2, 2 R BH
B SE ONMEREE . ShAl, FIRIERREE, 4 REdE, SMbEAENA
e A. mH, ERFANRMAEIL, SERFHITFR/INEBREMEEH AL, 4BRIHE
X EINE % . T2, TRAERFHNT B B sl ik iz 28 AR H
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To MEERERREME R LSO E A R K, SR AN U ARITRR B X =12 24
W TN, EEILERMBIIREE RN, RN AR R
. ESRIH TEARIEH B, BARIRE. Aid, ESRIBRAIEREZ A
F SRR, SR — 7™ RIAN BT I BEBE EHN B AL 1E
M 7Nk B AL FE M T, AR, FER B e
ZRUBAT BB, 2 BN RCGEHE R AR AT 2B, 382 BRI
S IR AR P SE X MR 8 T AR P I 53 R0 ™ 7 R BE A R A, At
AR LRI, SASEZH—E TIIERXE,

K REDehE, KMAHE, 83, E5aR 598 1R, Fhinms 7
—AMBRAEI e, MR R ATIEG B M EIE %, BEESDER - EE
HEIRNTe MBI, — D NERRFRRF SN A .t N i%—
NN T, BEREREAEA T, WA EEAR T, a2
RAHRRAR REILT. BRI EN, ER - AEFHELD. fh—
WK, — AR BRI BT ISR, AXUSHAER, il -7
DHIFE R, XUHEH, BN LEIEE T 2RV
o “REARIPIXRTEIR N TR AT —IRIT AT . 75 T5 U0 R /INELE
BRI AU 22 (RO AR e e 2 B, R 1 ST 2 22
RAETHIF IR I SR B IH) . BRI A AR B, S MBS A LA A
MARSR )R . £ SRR IX T Setmm i 1l t, SRIRCAE RIK “BE /AR
X B ARG E, TR RN, REEREAHIE N, B
ZEL, WEMRMEIEFRZEMN, AEEART . FEEETRXE
MIN, XEE LG BEFE S, B E X HE R G LA 2 xR ) 44
PUHE D9 B B ) R A R, s b4 2. i, (a5,
FREE, N, AN, RS2 AFE L r i ! NIREE A
kOt BB SRR O AR, IR A ATGIE P

LR, A SRR, ERMAGOARRE T (), fhies, il
WIERRBHZAAS . IR, W BTk — NG5 “UREF, TREAZ Robe
TRk, FEAFEE, MHRE, TN, WECER/NSREME, o
AN, AR LIRS R . ESEEEEE VA NIIERE, (BARAERIIEZ
AFEREL BN RIEAR, FE, R INIE “EE R URAE R > A
BIR, ARRAEARRE T /NGB R], “FZ ) NFAK, AR A AR
BeT ! BARMF! “HARAM T, KHKT, REHWEZHAFR! "hEENZ
8 hFAk, RRREEEITZIA, EEMERE - DH T SRR
1, AN TR P EARRIR A /N S BB b Gk 1. R
NGB, AR A, ERAGRIERE B, RIS RR A,
ESRMA AT LA AR R e s EE RmE T, N5 RS
Kbz s ¥ Bz, SURIRIAR] TIKERZZ A, B2 (A5 22wk
AR, EARX VIS A

FEAR T AR IR, fhCZEd 7S E R, HOKIm R m i,
ABARPRAE S 7 IKEAAT . X/NR DS — € R R £58 8 2. 21 7 RREH
I, EFRAEAWSSE T MRAPBUUF ORI, Oy 7P AR
Ny, A TG UD AR (KA I S SR S A R RSO R B, ASNAARA
TCVEFE WA R AR SR 1 A ks R, 1 B, AR AESNEIE T3 G E LS
fEH Ok, PR N RENEAAT T AL, ANV PURHEAE | —
. BYF, MECIEAKEE, WA NS EHIRE, XNOCRRX &R 5,
2N OB AR NESRS E—— 2. .. ..
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R ARIAN R IEMIIZ 2 . (Please circle the answer that you think is correct.)

1. FTHME— AR IEMN? (Which answer is correct?)
a. KKFAZZA0RAFPATHE S . (Uncle Ouyang is CEO of a company.)
b. BRFHZHMZR BRI E. (Uncle Ouyang’s home is very shabby.)

FRFHZAA I = A LT & A AR 2. (The three sons of Uncle Ouyang are
employees of the company.)

d. BRPHZAAMR&AZ E5¢. (Uncle Ouyang cares about Yao Wang very much.)

2. R RE FRHX AP E L E 2 (Did you see “X4 7 in the text?)
a. f&. (Yes.)
b. K. (No.)

3. FHEWB—ANEy, YRESCE T LT ? (Which number did you see in the text?)
a. 22
b. 58
c. 16
d 6

4. FFRME—ANKEENTRIZE? (Yao Wang’s first ambitious planisto )
a. F/NE—ie g, (live with a little bird.)
b. FIEHEEEUE. (go back to find his parents.)
c. BUEILIRK, EATF . (reconstruct the mountain to impress the people.)
d. % K%, (go to university.)

5. MREAEE RIS /\“.”?—IE #1? (Did you see this symbol S¥F in the text?)
a. J&. (Yes.)

b. RE. (No.)

6. F3Z_ . (Yao Wangis )

a. —4 ﬂﬂmﬁ K035 A#. (a high powered historical figure.)
ﬁ/l\%?@iﬂﬁﬁ FIEAR 4. (a young time traveler to the past.)
—MREFFHIRIZ)/MREZK - (an outstanding science fiction novelist.)

— AR RS, (an excellent musician.)

&0 o

4. Language background questionnaire
ESERCT AR AL, PR A T SR T L . AR
& !
Please answer the following questions to the best of your knowledge.
A. 515 5. Demographic Information

1 A HE: H/ /H /4

Date of birth: day/ /month /year
2.1 & %

Sex: Female Male

377 IR RS

Vision: Normal Corrected to normal

4. AR S ((E )
Birthplace (Country)

5. BE (IR RS )
Education (highest degree obtamed)
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6. WIARARZ R ARRE, JRIER JLER? (RIEBE bRt A?

R 2 3 4 5L

EX AN (FRESH).

If you are an undergraduate student, what is your year of study and your major?
Year of study 1 2 3 4 5 above

Your major (Please specify).

7. 3R AR AR I i B AR
I
#rh
__mh
L5
AF}
AFIEL
What is your father’s highest educational level?
Elementary school
Middle school
High school
Community college
Bachelor
Post/undergraduate above

8. R AR BESR 1 B e B A AR
N
#yrh

__ =
L
AF}
AFIEL E

What is your mother’s highest educational level?
Elementary school
Middle school
High school
Community college
Bachelor
Post/undergraduate above

O.1F AN YIIRAE 15 15 412 W Dy el 152 PR X J L 2

o=
=
As a child, have you been diagnosed with a reading difficulty?
Yes
No
10. FERNHARIT A0S — 10 5 (RARAE—FP PLE A8 S HE RO, 3 —MRIA
NHE CEREGRIF)
A
EE
Wi
Fofty (3% 5 AR & )o
What is the first language you learned? (If you grew up with more than one language, choose
the one that you feel is strongest)
English
Cantonese
Mandarin
Other (Please specify ).
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1L ETEEIRIEE 1R SR

Rz % — g IF R4
1 2 3 4 5 6
Please rate the proficiency of your first language
Very poor  Poor Fair Functional Good  Very good
1 2 3 4 5 6
12, NI Al 5 AR SE S S B )2
YHE
AR
rhC AR
_ M GERAEEH )e
In which language did you first learn to write?
English
Traditional Chinese
Simplified Chinese

Other (Please specify ).

13, £E N A AT E 5 b, IR LR AR T LASE e BRAR R, i/ R R P, JRIETE
SE MR E CUITIE H 15 1 5 _ BTSRRI KF

e fit 11T 2
e R %= = —f& g 53 R4
1 3 4 5 6
Libe Y R % %= —f& Lk Iy IR
1 2 3 4 5 6
TR A Rz % —fk hsg I R4
1 2 3 4 5 6
Al (R ARS H R % %= —f& Lk I 1R
Yo | 1 2 3 4 5 6

Please select the written language(s) that you can fully understand, and rate your proficiency.

Language Proficiency

English Very poor Poor Fair  Functional Good Very good
1 2 3 4 S 6

Traditional Very poor Poor Fair  Functional Good Very good

Chinese 1 2 3 4 5 6

Simplified Chinese | Very poor Poor Fair  Functional Good Very good
1 2 3 4 5

Other (Please Very poor Poor Fair  Functional Good Very good

specify ). |1 2 3 4 5 6
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14, 5 A1 1 55 T B 32 77 A0 ) 0 Ao

AR ) B e A+ 4 0 B R 5 1R
KHFI T2 NTE BIA R KSE 7 1A
ARG AN FHE | R 3TRER E T R
G115 AT DR e Rz % — & g I Rur
. 1 2 3 4 5 6
L BIAT K5 7]
Rz 7% — & g I 1RUF
1 2 3 4 5 6

If you read the Chinese text, please answer the following questions. If not, skip to Section 3.

What is your Vertical reading (from top to bottom)
preferred reading Horizontal reading (from right to left)
direction?
Rate your Vertical reading (from top to bottom)
proficiency in Very poor Poor Fair  Functional Good Very good
reading the text in 1 2 3 4 5 6
these two directions. | Horizontal reading (from left to right)
Very poor Poor Fair  Functional Good Very good
1 2 3 4 5 6

C. il (XEPHRIEE M 5T H . WERIRMREAT L
BREE, MR R AT B, PSR RS )
Second-Language Exposure (If you have not learned a second language, you have
completed the test and you do not need to answer the following questions.)

15, PREVEE 85 2 ?

i
Wi
g

Fofth (i B AR5 )e

TEAE TR EPFE RIS B H T

1RZE 7 — ek 4 IR
1 2 3 4 5 6
What is your second language?
English
Mandarin
Cantonese

Others (Please specify ).

Please rate your second-language proficiency on the following scale.
Very poor Poor Fair  Functional Good Very good
1 2 3 4 5 6

16. RIFIR2 218 AR 5 RIS 2

At what age did you start learning your second language?
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17. £ 5] P 2 AR VR AR S BT AT = 2 ?

pat

%

i

Hofth (RS H )o
In what language(s) did you receive instruction in school?

English

Cantonese

Mandarin

Others (Please specify ).

18. WG HE NI A AR IT R RE 5 -

M NGRS, R

TEAA RN 27 B B T N, FR

TE A AR R B 2 Iny, JRa o o

o — Mt ot

Which language do you use in the following situations?
At home

At school

At a party

In general
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