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20  SUMMARY:
21  We present a protocol to explore the relative activation sequence of phonology and semantics in
22 visual word recognition. The results show that consistent with interactive accounts, semantic and
23 phonological representations may be processed interactively, and higher-level linguistic
24 representations may affect early processing.
25
26  ABSTRACT:
27  Controversies have always existed in research related to reading abilities; on whether printed
28  words are perceived in a feedforward manner based on orthographic information after which,
29  other representations, such as phonology and semantics are activated, or whether these are fully
30 interactive and high-level semantic information affects early processing. An interference
31 paradigm was implemented in the presented protocol of phonological and semantic judgment
32  tasks that utilized the same precede-target pairs to explore the relative order of phonological
33  and semantic activation. The high- and low-frequency target words were preceded with three
34  conditions: semantically related, phonological-related (homophones), or unrelated. The results
35 showed that the induced P200 component of low-frequency word pairs was significantly greater
36 than high-frequency words in both the semantic and phonological tasks. In addition, both the
37 homophones in the semantic task and the semantically related pairs in the phonological task
38 caused reduction in N400 when compared to the the control condition, word frequency-
39 independently. It is worth noting that for the low-frequency pairs in the phonological judgment
40  task, the P200 released by the semantically related word pairs was significantly larger than that
41  in the control condition. Overall, semantic processing in phonological tasks and phonological
42  processing in semantic tasks were found in both high- and low-frequency words, suggesting that
43  the interaction between semantics and phonology may operate in a task-independent manner.
44  However, the specific time this interaction occurred may have been affected by the task and
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INTRODUCTION:

The critical issue in any word recognition model is understanding the role of phonology in the
process of semantic access?. For alphabetic languages, many studies consistently view phonology
as playing an important role in semantic access, including English?*, Hebrew>, French®, and
Spanish’. In other words, written word recognition involves not only orthographic but also
phonological and semantic processing. This observation in the interactive connectionist model is
explained by extensions activated throughout the network, where orthography is associated with
phonological and semantic representations through weighted connections®. This proliferation of
activation provides the core mechanism for the visual word recognition model, which assumes
that phonological and semantic representations are automatically activated in response to
orthographic input®.

However, current empirical evidence supporting the hypothesis of interactive automation
remains controversial. Some studies claim that the activation of phonological and semantic
representations can be adjusted or prevented by task demands or attention, which implies a
certain top-down influence on the high-level processes involved in word perception®!l,
However, the aforementioned description has been questioned by many findings that report
phonological and semantic effects in visual word recognition even though these representations
are completely irrelevant to the task or cannot be directly accessed??, thereby supporting the
view that semantics and phonology may be accessed automatically and forcibly during the
reading process®3. Therefore, there is uncertainty on whether the phonological and semantic
activation in visual word recognition depends on the specific task or whether it occurs forcibly
and automatically in a task-independent manner.

The answer to aforementioned question is difficult for Chinese readers. Compared to English,
Chinese is a logographic script whose characters represent morphemes instead of phonemes?*4.
At present, the role of phonology for semantic access to Chinese words remains controversial.
Some studies have claimed that phonology plays an important role in semantic access to Chinese
words'>’, Others, however, have held the opposite view!®% After evaluating the
aforementioned research for Chinese phonological processing, we found that the experimental
paradigm and specific research methods differ. On the whole, it was mainly divided into two
paradigms: word priming!>8% and violation paradigm in the sentence!”2%21, The target word is
usually embedded at the end of the sentence in the violation paradigm?2. In terms of language
mechanism, a short two-word phrase is a more manageable unit than a complete sentence that
is difficult to process?3. In addition, variables that are difficult to control in a sentence, such as
syntax, context, or other factors, may lead to different conclusions?*. The word priming paradigm
is a method commonly used to explore word recognition models, whether in alphabetic
languages or Chinese. The task of this paradigm is to judge whether the target word preceded by
the primes is a real word or pseudoword; that is, this paradigm usually contains only one lexical
task. However, a single lexical decision task may not be the best choice to solve the problem of
whether the activation of phonology and semantics depends on the task. Therefore, two
different tasks may be more suitable for exploring this question.
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Therefore, this research aimed to explore the role of phonology in Chinese word recognition and
simultaneously attempt to determine whether the activation of phonology and semantics is in
task independent. Our research includes two tasks using the interference paradigm: semantic
judgment and phonological judgment. To the best of our knowledge, this is the first event-related
potential (ERP) study of Chinese two-character compound recognition using this interference
paradigm, and this method rarely appears in studies of alphabetic languages. Specifically, in the
semantic judgment task, participants must judge whether the target word and its precedent are
semantically related, while in the phonological task, they must judge whether the paired words
have the same pronunciation.

The former is a semantic matching task that does not require a priori phonological processing,
and the latter is a phonological judgment task that does not require a priori semantic processing.
Therefore, we compared homophone pairs and unrelated control groups in the semantic
judgment task to reveal whether and how phonology affects semantic processing. Similarly, we
compared semantically related word pairs with unrelated control conditions in the phonological
judgment task to reveal whether and how semantics affect phonological processing. In addition,
the aforementioned problem was verified in high- and low-frequency words. Thus, this
complementary semantic and phonological judgment task can not only reveal the importance of
phonological processing in Chinese word recognition but also reveal whether and how phonology
and semantics interact.

If the phonology and semantic processes are early, automatic, and interactive, the effect of
phonological and semantic activation should be observed in the response time of the two tasks.
For ERP, phonological and semantic processes trigger two different electrophysiological
markers®’. In addition, their time courses and their spatial distributions should be different. An
early positive component (P200) should reflect phonological processing, and the typical semantic
processing marker N400 should also be identified?%?!, We assumed that both the phonologically
related pairs in the semantic task and the semantic-related pairs in the phonological task would
cause a significant decrease in N400, which would have indicated that phonological processing
may lead to some degree of activation at lexical-semantic levels. In addition, we monitored
whether the P200, which characterizes phonological processing, appeared in the semantic
judgment task or the phonological judgment task. In the phonological judgment task, semantic-
related conditions trigger the P200, which can be seen as evidence of the early influence of
semantics on phonological processing.

PROTOCOL:

The protocol used for this study was approved by the Institutional Review Board of Tsinghua
University.

1. Stimuli construction and presentation

1.1.  Stimuli construction
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1.1.1. Stimuli preparation: Prepare target words containing approximately 140 Chinese two-
character compounds, of which low- and high-frequency words account for half. Precede each
target by three analogues: a phonologically identical word (homonymous word), a word with
related meaning, and an irrelevant control word.

1.1.1.1. Ensure that high-frequency targets are always preceded by high-frequency
antecedents and low-frequency targets are always preceded by low-frequency precedents,
whether in related conditions or unrelated control groups. In addition, ensure the precede-target
pairs are similar in the number of strokes and frequency.

NOTE: All the words for this study were selected from the Modern Chinese Frequency Dictionary
(Xiandai Hanyu Pinlu Cidian). The frequency of low-frequency words was less than eight times
per million, and the frequency of high-frequency words exceeded 800 times per million.

1.1.2. Stimuli assessment: Recruit a separate group of approximately 30 students to evaluate the
degree of semantic relevance between word pairs on a seven-point scale, wherein 1 reflects the
lowest correlation and 7 reflects the highest correlation.

1.1.2. Final stimulus determination: Delete inappropriate word pairs, such as word pairs with
lower scores in semantically related conditions and word pairs with higher scores in homophone
and irrelevant condition scores.

1.1.2.1. Calculate the respective average scores of high- and low-frequency semantic-
related word pairs and ensure no significant difference is present between the two.

1.1.2.2. In addition, ensure that the scores of homophone pairs and unrelated pairs are
not significantly different at both high and low frequency. Finally, determine the final
experimental stimulus material (see Table Materials).

NOTE: For the semantic-related values of the semantic-related pairs in this experiment, the final
average values were 5.62 and 5.73 for high-frequency and low-frequency pairs, respectively, and
there was no significant difference between the two (p >.1). In addition, the semantic relatedness
between the homophonic and unrelated pairs was not significantly different (p > .1).

1.2.  Stimuli presentation

1.2.1. Build a program to show the task to the subjects and fill in the aforementioned materials
(the program can be written in E-prime or other programming languages).

1.2.2. Ensure that each core structure of the program starts with a screen displayinga " + " sign
that lasts for 300 ms, directly after which the preceding word must appear for 140 ms, with no
interval between the two.
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1.2.3. After that, set a blank screen lasting for 360 ms, and then set the target word, which will
appear for 500 ms. Finally, set a question mark (?) that will continue to be displayed until the
participant has decided on the word pair just shown and pressed the button as quickly and
accurately as possible.

1.2.4. Tell the participants in advance that they need to judge whether the word pair is
semantically related in the semantic judgment task and whether the phonology is the same in
the phonological judgment task.

1.2.5. Practice session setup: Set up two practice groups to include semantic judgment and
phonological judgment tasks, respectively, with no less than 10-word pairs for each task. Inform
the participants that they can repeat the exercises to ensure that the accuracy in the practice
session is more than 70%.

1.2.6. Formal experiment setup: Divide the whole experiment into 6 blocks, with the semantic
judgment task and the phonological judgment task each accounting for half.

1.2.6.1. Make sure that there are no repeated target words in each block, and that the
number of priming types in each block is the same. In addition, set up a few filler trials to reduce
the response deviation caused by the unequal number of tests requiring positive or negative
reactions.

1.2.6.2. Randomize the order of items in each block and counterbalance the block order
among the subjects.

NOTE: The entire experiment can also be divided into eight or ten or more blocks according to
the number of experimental materials to be prepared, which minimizes the repetition of target
words in each block.

2. Experiment preparation and electrophysiological recording

2.1 Recruit right-handed native Chinese speakers with a normal vision that may have been
previously corrected.

2.1.1. Exclude participants with any neurological or psychiatric diseases.

2.1.2. Ensure there is a balanced number of female and male participants in the desired age range
(18-28 years old).

2.1.3. Ensure that the participants do not have any history of perming or dyeing their hair for the
past two months.

2.1.4. Inform the participants that they will need to have sufficient sleep and rest time before the
experiment?>.
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2.1.5. When participating in the experiment, please make sure the participants are in a healthy
state at the time of conducting the experiment.

2.2. When a participant arrives at the lab, introduce the experimental equipment, tasks, and time
costs. Explain the requirements (such as not being sleepy, moving, and blinking) to help them
understand the entire process and eliminate unnecessary worries.

2.3 If the participant has no other questions about the experiment, ask them to fill in the
Edinburgh Handedness Query Form, which is used to confirm that all participants have the same
right-handed habits.

2.4 Provide the informed consent form to the participants and ask them to read and sign carefully.
If participants have questions about the content of the consent form, provide them with the
necessary explanations.

2.5 Instruct the participant to properly clean their scalp and dry their hair in the laboratory. While
waiting for participants, please prepare all experimental materials.

NOTE: The electroencephalogram (EEG) signal is amplified using an amplifier system with a
bandpass of 0.01 to 100 Hz and continuously sample at 500 Hz.

2.6 Invite the participants to sit comfortably on a chair in the chamber where the experiment will
be conducted. Instructed them not to move the chair.

2.7 Use cotton swabs and facial scrubs to clean the skin under the participant’s left eye (for the
vertical electro-oculographic electrode), near the outer canthus of the right eye (for the
horizontal electro-oculographic), and around the right and left mastoid bones (for Tp9 and Tp10,
which will be used as new offline references).

NOTE: The distribution of electrodes may vary depending on the caps used.
2.8 Place the elastic cap on the participant's head and make sure that the Cz electrode is at the
center of the top of the head. Fix the electrode cap strap under the chin with care to ensure that

it is not too tight or too loose.

2.9 Make sure that the cap and amplifier are connected to the recording system. Next, switch the
recording software to the impedance monitoring interface.

2.10 Ensure that the impedance of all electrodes does not exceed 5 kQ or 10 kQ, starting with
the reference (Ref) and ground (Gnd) electrodes.

2.11 Pass the syringe filled with conductive gel through the small hole of an electrode to the scalp
and then push the plunger to inject a small amount of conductive gel into the scalp while being
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careful not to cause an overflow. At the same time, monitor the display system that displays the
impedance in real-time until the impedance drops to the threshold.

2.12 After the Ref and Gnd electrodes are prepared, reduce the impedance of the other
electrodes in the same way. Treat the impedance reduction of ocular electricity carefully.

2.12.1 Tape the small holes on one side of the two electro-oculographic electrodes to prevent
the injected conductive gel from leaking. Fix them to the bottom of the left eye and the outer
canthus of the right eye with tape.

2.13 After all the electrodes are prepared, instruct the participants to be ready for the experiment.
Instruct the participants to relax and avoid excessive eye blinking and body movement during the

experiment.

2.14 Present the stimulus via the stimulus demonstration program and let the participants
practice in the practice section.

NOTE: After the practice session, participants can ask questions if they have any doubts or
guestions about how to proceed.

2.15 Start the formal experiment and record the EEG information. Monitor the recording system
during recording. If an electrode is loose or the resistance exceeds the threshold, refill the
electrode when the participant is resting.

NOTE: Participants can rest for 4-10 min after each block.

2.16 After the experiment is completed, save the EEG signal and turn off the equipment, such as
the recording system and amplifier. Then take off the participant's cap and instruct the
participant to wash off the conductive gel from the hair and skin. Finally, reward the participants
and thank them for their cooperation.

3. EEG preprocessing

3.1 Utilize semi-automatic ocular correction with independent component analysis.

3.2. Compute the ERPs from 100 ms to 600 ms after the onset of the target word (100 ms pre-
target baseline).

3.3. Set the EEG bandpass-filtered offline from 0.05 to 30 Hz (zero phase shift mode, 24 dB/oct).

3.4. Discard epochs exceeding +80 uV by artifact rejection and eliminate the trials of erroneous
responses.

REPRESENTATIVE RESULTS:
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This protocol was used in a recent study to investigate the role of phonology in Chinese two-
character compound recognition and to infer the word recognition model?®. All stimuli used in
this study were fully disclosed?®. Three time windows were selected on the basis of global field
power (GFP): at 100-150 ms, 160—280 ms, and 300— 500 ms for N1, P200, and N400 components,
respectively?®. The average amplitudes of the above two time windows were analyzed by
repeated measures analysis of variance (ANOVA), and frequency (low and high), relationship type
(phonologically or semantically related, or unrelated), and lateral areas (left and right
hemispheres x front, middle, and posterior regions = six areas in total) or midline electrodes (Fz,
Cz, Pz), which were the three within-participant factors involved. More detailed results and
graphs can be found in Wang et al. (2021)2¢.

ERP results for the semantic judgment task

The 100-150 ms Period (N1)

For the midline electrodes, ANOVA yielded a main effect of Frequency [F(1, 23) =9.451, P =.005,
n?, = .291], indicating that high-frequency pairs elicited a significantly more negative waveform
than low-frequency condition. ). A similar significant main effect of Frequency was also observed
at the lateral sites. In addition, for high-frequency pairs, a significant main effect of Relation Type
was also observed [F(1, 23) = 8.826, P = .007, n?,= .277], showing that unrelated pairs elicited a
significantly more negative waveform than homophone condition. A similar significant main
effect of Relation Type for high-frequency pairs was also observed at the left hemisphere.

The 160-280 ms Period (P200)

For the midline electrodes, ANOVA yielded a main effect of Frequency [F(1, 23) = 5.546, P = .027,
n?, = .194], indicating that low-frequency pairs elicited a significantly more positive waveform
than high-frequency condition. No other significant effects or interactions were observed in the
midline electrodes. Moreover, the main effect of Frequency was also found at lateral sites.

The 300-500 ms Period (N400)

In the 300-500 ms time window, ANOVA yielded a significant main effect of Relation Type [F(1,
23) = 27.783, P < .001, n?%, = .547] in the midline electrodes, showing that a target primed by
homophones elicited significantly less negative amplitude than did the unrelated condition (see
Figure 1). A similar significant main effect of Relation Type was observed at lateral sites.

[Insert Figure 1 here]

ERP Results for the Homophone Judgment Task
The 100-150 ms Period (N1)
No significant effect or interaction was found in the midline electrodes or lateral sites.

The 160-280 ms Period (P200)

No significant main effect for Relation Type or Frequency (ps > .1) was observed at the anterior
frontal electrodes. However, a significant interactive effect between Frequency and Relation
Type was found [F(1, 23) = 7.951, P = .010, n%, = .257]. Further analysis found that the influence
of Relationship type was only significant under low-frequency conditions at the anterior frontal

8
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electrodes (FPz: P =.055; FP1: P =.027; FP2: P =.004; AF3: P =.060; AF4: P =.021; AF8: P =.009),
indicating that in the P200 time window, the ERP signal was significantly more positive under
semantically related conditions than under unrelated conditions (see Figure 2).

In addition, the analyses showed that the effect of Frequency was significant in two regions (left
central: F(1, 23) = 4.506, P = .045, n?, = .164and left posterior: F(1, 23) = 10.470, P = .004, n’,=
.313).

[Insert Figure 2 here]

The 300-500 ms Period (N400)

In the N400 time window, a significant main effect of Relation Type was found [F(1, 23) =9.082,
P =.006, n%,=.283] in the midline electrodes, indicating that the target primed by semantically-
related words released a significantly less negative amplitude than unrelated primes (see Figure
3). In addition, a significant main effect of Relation Type was observed at the lateral sites.

[Insert Figure 3 here]
FIGURE & TABLE LEGENDS:

Figure 1: Grand mean event-related potentials in response to target words, from
representative electrodes (Fz, Cz, Pz), for homophonic and control pairs in the semantic task.
This figure, taken from Wang et al. (2021)%%, shows that in the semantic judgment task,
homophone pairs released a smaller NAOO components than irrelevant conditions regardless of
high and low frequencies.

Figure 2: Grand mean event-related potentials in response to target words from six anterior
frontal electrodes (Fpz, Fp1, Fp2, AF3, AF4, AF8) for the semantically related and control pairs
of low-frequency in the homophone task. This figure, taken from Wang et al. (2021)?¢, shows
that in the phonological judgment task, low-frequency semantic related words released a more
positive P200 component than unrelated words.

Figure 3: Grand mean event-related potentials in response to target words, from
representative electrodes (Fz, Cz, Pz), for the semantically related and control pairs in the
homophone task. This figure, taken from Wang et al. (2021)?®, shows that in the phonological
judgment task, semantically related pairs released a smaller N400 components than irrelevant
conditions regardless of high and low frequencies.

DISCUSSION:

Experimental results and significance:

The purpose of this protocol was to infer the following: 1) whether the word recognition model
is a feedforward model or an interactive model and 2) the interaction between the phonological
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and semantic patterns in Chinese two-character compound recognition of high and low
frequency under different tasks. An interference paradigm of phonological and semantic
matching task using the ERP technique was adopted. The ERP responses preceded by
homophones and unrelated words to targets were compared in semantic judgment tasks that
did not require a priori phonological processing to reveal when and whether phonology affects
semantic processing. Similarly, for phonological judgment tasks that did not require a priori
semantic processing, the ERP responses of target words triggered by semantic and unrelated
words were compared to reveal whether and semantics interferes with phonological processing.
Next, according to the latency of the relevant ERP components, the relative time course of
semantic and phonological processing was compared, and the influence of word frequency on
such processing patterns was checked.

Our results showed that the target primed by semantically related precedents in the phonological
task and the targets primed by homophones in the semantic judgment task both triggered a
significantly less negative N400 component than did the unrelated precedes, regardless of word
frequency. Hence, for high-frequency words, the data suggested that semantic activation occurs
earlier or at least no later than phonological processing during the recognition of Chinese two-
character compounds in different tasks. In addition, the induced P200 component of low-
frequency word pairs were significantly more positive than that of high-frequency word pairs in
both semantic and phonological tasks. Other studies have also concluded that early ERP
components may be sensitive to word frequency?’-?8. The earliest N1 and the P200 effects can
also be, at least partly, due to the semantic processing of the previous word. However, for low-
frequency words in the phonological judgment task, it was found that the semantically related
pairs released a significantly larger P200 than the control condition. In contrast, it was found that
P200 triggered by low-frequency semantically related word pairs was significantly more positive
than low-frequency control conditions in phonological judgment tasks. This result does not seem
to be difficult to explain for low-frequency words, as phonological activation is expected in
phonological judgment tasks, but the obvious P200 component was triggered by semantic
precedents, which again strengthened the hypothesis that semantic processing may not occur
later than phonological processing.

The above interaction between semantics and phonology confirmed the interaction model of
word recognition that proposed that the system may be fully interactive, with low-level
information flowing from bottom to top to the entire lexical information and high-level
information flowing from top to bottom to form early visual word processing®. In addition, the
P200 caused by frequency effects in the two tasks also confirmed the speculation that higher-
level linguistic information may already exert its influence during early processing. Note that the
interactions found in the two tasks, regardless of the high- and low-frequency conditions,
supported the automatic and possibly mandatory access to phonology and meaning during
reading. However, the specific time at which this interaction occurred may have been affected
by the task and frequency. For example, for low-frequency words, it was found that the
interaction occurred in the P200 time window in the phonological task while in the N400 time
window in the semantic judgment task. Nevertheless, for high-frequency words, the interaction
was observed in the N400 time window for both semantic or phonological tasks. In conclusion,

10
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the current findings suggest the automatic interaction of semantics and phonology in a task-
independent manner while considering that the interactive time and mode may be affected by
tasks, frequency, etc.

Effectiveness of the method

In general, this interference paradigm can more comprehensively explore the interaction modes
of phonological and semantic processing. Our experiments included phonological matching tasks
that do not require priori semantic processing and semantic matching tasks that do not require
priori phonological processing. In this way, the influence of semantics on phonological processing
or the influence of phonology on semantic processing can be observed more clearly.
Furthermore, as the phonology or semantics of the precedents and the target word need to be
compared in both tasks, the phonology or semantics are forcibly activated in the two tasks.
Therefore, if any interference effect occurs, it will be more obvious. The common method of
exploring word recognition is a lexical decision task that includes priming conditions. Specifically,
it only needs to judge whether the target word is a real word or a pseudoword. First, the semantic
activation of lexical decision tasks may not be strong enough, and second, a single judgment task
cannot explore the interaction mode under different tasks. Therefore, the interference paradigm
of the two tasks may be more suitable for exploring the word recognition model. For the two
distinct tasks of the interference paradigm, one needs to strongly activate semantic processing,
and the other needs to strongly activate phonological processing, which is more conducive to
exploring whether the interaction between phonology and semantics is task-independent and
how to interact under different tasks.

Future applications of the technique

The present protocol was the first to use the interference paradigm to explore the semantic
access to Chinese two character compound of high- and low-frequency. Currently, the two-task
interference paradigm rarely appears in the studies of word recognition in alphabetic languages.
Therefore, this method may provide a new opportunity for different languages characterizing by
different relations between orthography, phonology, and semantics to explore word recognition
models.
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Reply: Thanks for the kind remind.
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in an xls/xlsx file.
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Reviewers' comments:

Reviewer #1:

The article "Electrophysiology Reveals an Interaction between Phonological and Semantic
Processes in Visual Word Recognition™ details the method, data analysis, and interpretation of
an experiment designed to measure ERPs to words in the phonological and semantic judgement
tasks.

Major Concerns

My main concern with this work has to do with the control of the stimuli. The targets are divided
into high-frequency and low-frequency, but there is no attempt that | can see to control these
words on any of the myriad variables we know affect word recognition. This become a problem
when the authors talk about differences in ERPs as a function of frequency as it is impossible
to know if the differences are due to frequency or some other potential confound. It would be
useful to evaluate the stimuli on other control variables to assure the reader that the effects are
due to frequency.

Reply: Thanks for the kind remind. It is our fault that the variable control of the stimulus was
not reported in detail in the submitted manuscript. However, it was described in the frontiers in
psychology. The details are as follows:

“The target words consisted of 120 Chinese two-character compounds, and both high-and
low-frequency words accounted for half the words. Each of the targets was paired with three
analogues: a phonologically identical word (a homophone), a word of related meaning, and a
control (unrelated) word. High-frequency target words were always paired with high-frequency
preceding words, low-frequency targets were always paired with low-frequency precedes, and
both tended to be consistent in terms of the number of strokes and frequency. In addition, the
semantic association between semantically related pairs were strictly controlled. A separate
group of 30 participants evaluated the degree of semantic relevance between the semantically
related pairs used in this study on a 7-point scale, with 1 reflecting the lowest and 7 the highest
relevance. The average score of the high-frequency semantically related word-pairs was 5.62,
and the average score of the low-frequency pairs was 5.73, with no significant difference
between these (p > .1). In addition, the semantic relatedness between the homophonic pairs and
unrelated pairs was also no significant difference (p > .1). All stimuli used in this study are
shown in Appendix.

All materials in this experiment are selected from the Xiandai Hanyu Pinlu Cidian [Modern
Chinese Frequency Dictionary]. The low-frequency words are selected from a word list of less
frequently used words in the dictionary which every word appears less than 8 times per million.
The high-frequency words in this experiment are mainly selected from the high-frequency list
in the dictionary which every word appears more than 800 times per million.

The whole experiment was divided into six blocks, three for semantic judgment tasks and
three for phonological judgment tasks. The order of item presentation within each block was
random and the block order was counter-balanced across-subjects. There were 144 trials per
block, including 120 test trials and 24 filler trials. Half of the trials used high-frequency word-
pairs and the other half used low-frequency word-pairs. For each frequency, 20 trials were
performed on semantically related pairs, 20 trials were performed on homophone pairs, and 20
trials were performed on unrelated pairs. Consequently, a total of 864 trials were included in
the present experiment. Each target word appears only once in each block. Filler trials were



used to reduce reaction bias due to unequal number of trials requiring positive or negative
reactions.”

Wang, Y., Jiang, M., Huang, Y. & Qiu, P. An ERP Study on the Role of Phonological
Processing in Reading Two-Character Compound Chinese Words of High and
Low Frequency. Frontiers in Psychology. 12, doi:10.3389/fpsyg.2021.637238,
(2021).

As for other variables that affect word recognition: such as length, phonological similarity,
were more obvious. Our experimental materials are all two-character compounds, so the length
is 2. The pronunciation of homophones is exactly the same regardless of the spelling and tone,
while the semantically related pairs are completely different to the pronunciation. In general,
we have tried our best to control other variables that may influence the conclusion. In addition,
in the stimuli construction part, we have briefly added the above frequency and semantic related
value information.

Minor Concerns
There are numerous wording issues that need to be corrected.

Reply: Thanks for the kind remind. The full manuscript has been proofread by our own and
professional proofreading team “Taylor & Francis™.

How was the duration of 140ms chosen for the preceding word?

Reply: Thanks for the kind remind. Different from the common lexical decision task that only
needs to judge the target word, the task of our experiment is to judge whether the preceding-
target word matches in semantics or phonology, so the preceding word needs to be clearly seen
by the participants. After comprehensive consideration, the masked priming time of about 50
ms cannot be selected, and about 200ms may be too long. Furthermore, considering that
Chinese low-frequency two-character compounds are difficult to recognize in a short time, we
finally chose 140ms to preceding time.

The choice of preceding time is very important, and it is the first time that we have verified the
influence of semantics on early word recognition by setting up the Chinese lexical interference
task above. Later, we verified the above conclusions again through two different experiments.
Specifically, we continued to explore whether semantics had an impact on early morphological
decomposition. We used traditional masked and non-masked lexical decision tasks. The
specific priming times were set at 50 and 200ms respectively. Both of them once again found
that semantics has an influence on early word processing. The above results undoubtedly
strengthen the credibility of the interactive activation model for word recognition (This article
has been submitted to the Language Cognition and Neuroscience).



Reviewer #2:

Manuscript Summary:

Using the interference paradigm, the authors examined the phonological and semantic
processing in Chinese two-character word recognition by means of the ERP technique. The
results suggested inevitable interactions between these two types of processing, which were
likely to be influenced by word frequency.

Major Concerns:
The language seems to be too poor.

Reply: Thanks for the kind remind. The full manuscript has been proofread by our own and
professional proofreading team “Taylor & Francis™.



Reviewer #3:

Manuscript Summary:

The previous studies on the present research topic are conducted mostly on alphabetic
languages. These studies have suggested heavy phonological involvement on lexical conceptual
access (i.e., lexical access). However, studies on lexical access in Chinese have provided two
separate views: (1) lexical access via purely orthographic representations with no or little
involvement of phonological representations and (2) lexical access via interactive (or
concurrent) activations of both orthographical and phonological representations. Using
electroencephalogram (EEG), the present study by Wang et al. provided evidence for
interactive activations of orthography and phonology for lexical access. The methodology and
analyses used in their study are sufficient with no ethical problems. The authors utilized two
different experimental tasks, (1) the phonological judgement task and (2) the semantic
judgement task. Although these two tasks were expected to require different activations for
performance, similar components (P200 and N400) and the frequency effect were found in
EEGs of both tasks. This result supports the interactive view of orthography and phonology for
lexical access. The experimental approach of the present study is worth introducing in JoVE,
especially focusing on (1) two different views of lexical access, (2) stimulus selection
procedure, (3) EEG experimental technique, and (4) EEG result interpretation.

Major Concerns:

Line 158 - The interval of two stimulus presentations was set at 140ms. This seems to be a
longer version of "priming condition". The interval duration may be long enough to activate
orthographic and phonological representations of a primed-like lexical item. After the interval,
the next target stimulus is presented to perform the task(s). This interval duration plus decision
time may give participants enough time to activate a target phonological representation while
accessing the lexical concept in both phonological and semantic judgements. Authors should
explain the difference between the traditional priming task and the phonological/semantic
judgement tasks used in the present study.

Reply: Thanks for the kind remind. We completely agree with your opinion. The goal of this
research was to explore the role of phonology in Chinese word recognition and simultaneously
attempt to determine whether the activation of phonology and semantics is in task-independent.
Since we are the first study to verify the interaction model through the interference task of
Chinese two-character compounds, and we were also not completely convinced of this result at
first. Regarding the P200 frequency effect in this experiment, there may be two explanations.
First, this early component may be a carry-over effect of the processing of the primes. Because
our priming words were only presented for 140ms, the subjects may still process the primes
when the target words were presented. Thus, the P200 effect may be the carry-over of the
primes’ N400 and late positive components. Second, it has been reported that early ERP
components are sensitive to lexical frequency (Carreiras et al., 2005;Hauk et al., 2006). So the
P200 frequency effect in our experiment may prove a top-down flow of information during
visual word recognition.

However, in order to verify the above results, and also to further explore whether semantics
have an influence on the early morphological decomposition, we conducted two common
lexical decision experiments with masked (50ms) and unmasked (200ms) priming paradigms
(This article has been submitted to the Language Cognition and Neuroscience). These two



experiments once again obtained the effect of semantics on early word recognition, which
echoes the results of this article. In addition, we highlight the advantages of the research method
in this article in the discussion section, as follows:

Effectiveness of the method

“In general, this interference paradigm can more comprehensively explore the interaction
modes of phonological and semantic processing. Our experiments included phonological
matching tasks that do not require priori semantic processing and semantic matching tasks that
do not require priori phonological processing. In this way, the influence of semantics on
phonological processing or the influence of phonology on semantic processing can be observed
more clearly. Furthermore, as the phonology or semantics of the precedents and the target word
need to be compared in both tasks, the phonology or semantics are forcibly activated in the two
tasks. Therefore, if any interference effect occurs, it will be more obvious. The common method
of exploring word recognition is a lexical decision task that includes priming conditions.
Specifically, it only needs to judge whether the target word is a real word or a pseudoword.
First, the semantic activation of lexical decision tasks may not be strong enough, and second, a
single judgement task cannot explore the interaction mode under different tasks. Therefore, the
interference paradigm of the two tasks may be more suitable for exploring the word recognition
model. For the two distinct tasks of the interference paradigm, one needs to strongly activate
semantic processing, and the other needs to strongly activate phonological processing, which
is more conducive to exploring whether the interaction between phonology and semantics is
task-independent and how to interact under different tasks.”

On the whole, the interference paradigm is not superior to the traditional priming paradigm,
may be more suitable for discussing the issues that this article focuses on.

Minor Concerns:

Line 92 - The authors simply stated that the lexical decision task is not adequate. The detailed
reason should be presented.

Reply: Thanks for the kind remind. In the introduction section, we briefly compared the
traditional priming paradigm and the interference paradigm, but these two methods were
compared in detail in the discussion section.

Line 143-165 - The present study seems to select well-controlled stimulus items (two-character
Chinese words). However, no corpus resource and actual word frequencies were reported.
Since the authors separated high and low frequency stimulus groups, detailed frequency
information is needed. Readers (audience) would appreciate resource information of Chinese
character/word frequencies.

Reply: Thanks for the kind remind. It is our fault that the variable control of the stimulus was
not reported in detail in the submitted manuscript. However, it was described in the frontiers in
psychology. The details are as follows:

“The target words consisted of 120 Chinese two-character compounds, and both high-and
low-frequency words accounted for half the words. Each of the targets was paired with three
analogues: a phonologically identical word (a homophone), a word of related meaning, and a



control (unrelated) word. High-frequency target words were always paired with high-frequency
preceding words, low-frequency targets were always paired with low-frequency precedes, and
both tended to be consistent in terms of the number of strokes and frequency. In addition, the
semantic association between semantically related pairs were strictly controlled. A separate
group of 30 participants evaluated the degree of semantic relevance between the semantically
related pairs used in this study on a 7-point scale, with 1 reflecting the lowest and 7 the highest
relevance. The average score of the high-frequency semantically related word-pairs was 5.62,
and the average score of the low-frequency pairs was 5.73, with no significant difference
between these (p > .1). In addition, the semantic relatedness between the homophonic pairs and
unrelated pairs was also no significant difference (p > .1). All stimuli used in this study are
shown in Appendix.

All materials in this experiment are selected from the Modern Chinese Frequency
Dictionary. The low-frequency words are selected from a word list of less frequently used
words in the dictionary which every word appears less than 8 times per million. The high-
frequency words in this experiment are mainly selected from the high-frequency list in the
dictionary which every word appears more than 800 times per million.

The whole experiment was divided into six blocks, three for semantic judgment tasks and
three for phonological judgment tasks. The order of item presentation within each block was
random and the block order was counter-balanced across-subjects. There were 144 trials per
block, including 120 test trials and 24 filler trials. Half of the trials used high-frequency word-
pairs and the other half used low-frequency word-pairs. For each frequency, 20 trials were
performed on semantically related pairs, 20 trials were performed on homophone pairs, and 20
trials were performed on unrelated pairs. Consequently, a total of 864 trials were included in
the present experiment. Each target word appears only once in each block. Filler trials were
used to reduce reaction bias due to unequal number of trials requiring positive or negative
reactions.”

Wang, Y., Jiang, M., Huang, Y. & Qiu, P. An ERP Study on the Role of Phonological
Processing in Reading Two-Character Compound Chinese Words of High and
Low Frequency. Frontiers in Psychology. 12, doi:10.3389/fpsyg.2021.637238,
(2021).

As for other variables that affect word recognition: such as length, phonological similarity,
were more obvious. Our experimental materials are all two-character compounds, so the length
is 2. The pronunciation of homophones is exactly the same regardless of the spelling and tone,
while the semantically related pairs are completely different to the pronunciation. In general,
we have tried our best to control other variables that may influence the conclusion. In addition,
in the stimuli construction part, we have briefly added the above frequency and semantic related
value information.



Reviewer #4:
Manuscript Summary:

The present study aims at investigating the influence of phonology on visual word recognition
in a semantic task and the influence of semantics in a phonological judgment task. The authors
combined these paradigms with EEG recording to provide further exploration of the time-
course of phonological and semantic effects during word recognition. The results highlighted
automatic activation of phonology and semantics in the N400 component. Moreover, the
authors found that the P200 component was mainly modulated by word frequency.

Major Concerns:

1/ The authors should be more explicit regarding their argument based on the Stroop task. As
a reader of the manuscript, it is unclear why a lexical decision task is not suitable to address
the questions raised by the authors and what is the link with the Stroop task.

Reply: Thanks for the kind remind. The purpose of the study determines the experimental
method. The goal of this research was to explore the role of phonology in Chinese word
recognition and simultaneously attempt to determine whether the activation of phonology and
semantics is in task-independent. An interference paradigm of phonological and semantic
matching task using the ERP technique was adopted. This interference paradigm can more
comprehensively explore the interaction modes of phonological and semantic processing. Our
experiments included phonological matching tasks that do not require priori semantic
processing and semantic matching tasks that do not require priori phonological processing. In
this way, the influence of semantics on phonological processing or the influence of phonology
on semantic processing can be observed more clearly. Furthermore, as the phonology or
semantics of the precedents and the target word need to be compared in both tasks, the
phonology or semantics are forcibly activated in the two tasks. Therefore, if any interference
effect occurs, it will be more obvious. The common method of exploring word recognition is a
lexical decision task that includes priming conditions. Specifically, it only needs to judge
whether the target word is a real word or a pseudoword. First, the semantic activation of lexical
decision tasks may not be strong enough, and second, a single judgement task cannot explore
the interaction mode under different tasks. Therefore, the interference paradigm of the two tasks
may be more suitable for exploring the word recognition model. For the two distinct tasks of
the interference paradigm, one needs to strongly activate semantic processing, and the other
needs to strongly activate phonological processing, which is more conducive to exploring
whether the interaction between phonology and semantics is task-independent and how to
interact under different tasks.

At first we thought that Stroop task is a special lexical decision task, so it is listed separately.
However, this task usually only contains colour words and their related vocabulary, so the
results may not be representative. We deleted the discussion about Stroop task.

2/ The authors should cite some related studies when presenting their hypotheses. Indeed, they
hypothesized that phonological related pairs should produce a less negative N400 waveforms
as compared to unrelated pairs. However, in the literature in this research field, the N400 has
been hypothesized to reflect lexico-semantic processing. Therefore, one alternative hypothesis
could be that phonological processing may lead to some degree of activation at lexical-



semantic levels - rather than phonological processing occurs in the N400 time-window.

Reply: Thanks for the kind remind. In the hypothesis part, we have cited relevant studies, and
we have also revised the hypothesis to " phonological processing may lead to some degree of
activation at lexical-semantic levels ".

3/ In the section "prepare all stimuli", some critical information is missing. For instance, it is
very important to match the "irrelevant words" to those used in the experimental conditions in
terms of frequency, length, neighborhood density and son on. Similarly, it is unclear whether
the control words were the same in both paradigms, or whether two lists of control words were
used. Finally, no information is given regarding the selection criteria for the manipulation of
lexical frequency.

Reply: Thanks for the kind remind. It is our fault that the variable control of the stimulus was
not reported in detail in the submitted manuscript. However, it was described in the frontiers in
psychology. The details are as follows:

“The target words consisted of 120 Chinese two-character compounds, and both high-and
low-frequency words accounted for half the words. Each of the targets was paired with three
analogues: a phonologically identical word (a homophone), a word of related meaning, and a
control (unrelated) word. High-frequency target words were always paired with high-frequency
preceding words, low-frequency targets were always paired with low-frequency precedes, and
both tended to be consistent in terms of the number of strokes and frequency. In addition, the
semantic association between semantically related pairs were strictly controlled. A separate
group of 30 participants evaluated the degree of semantic relevance between the semantically
related pairs used in this study on a 7-point scale, with 1 reflecting the lowest and 7 the highest
relevance. The average score of the high-frequency semantically related word-pairs was 5.62,
and the average score of the low-frequency pairs was 5.73, with no significant difference
between these (p > .1). In addition, the semantic relatedness between the homophonic pairs and
unrelated pairs was also no significant difference (p > .1). All stimuli used in this study are
shown in Appendix.

All materials in this experiment are selected from the Xiandai Hanyu Pinlu Cidian [Modern
Chinese Frequency Dictionary]. The low-frequency words are selected from a word list of less
frequently used words in the dictionary which every word appears less than 8 times per million.
The high-frequency words in this experiment are mainly selected from the high-frequency list
in the dictionary which every word appears more than 800 times per million.

The whole experiment was divided into six blocks, three for semantic judgment tasks and
three for phonological judgment tasks. The order of item presentation within each block was
random and the block order was counter-balanced across-subjects. There were 144 trials per
block, including 120 test trials and 24 filler trials. Half of the trials used high-frequency word-
pairs and the other half used low-frequency word-pairs. For each frequency, 20 trials were
performed on semantically related pairs, 20 trials were performed on homophone pairs, and 20
trials were performed on unrelated pairs. Consequently, a total of 864 trials were included in
the present experiment. Each target word appears only once in each block. Filler trials were
used to reduce reaction bias due to unequal number of trials requiring positive or negative
reactions.”

Wang, Y., liang, M., Huang, Y. & Qiu, P. An ERP Study on the Role of Phonological



Processing in Reading Two-Character Compound Chinese Words of High and
Low Frequency. Frontiers in Psychology. 12, doi:10.3389/fpsyg.2021.637238,
(2021).

As for other variables that affect word recognition: such as length, phonetic similarity, were
more obvious. Our experimental materials are all two-character compounds, so the length is 2.
The pronunciation of homophones is exactly the same regardless of the spelling and tone, while
the semantically related pairs are completely different to the pronunciation. In general, we have
tried our best to control other variables that may influence the conclusion. In addition, in the
stimuli construction part, we have briefly added the above frequency and semantic related value
information.

4/ The authors mentioned that high-frequency words were preceded by high-frequency words.
However, nothing is said for low-frequency target words. In the case they were preceded by a
high-frequency word, how did the authors take into consideration a possible effect of frequency
in their data?

Reply: Thanks for the kind remind. We have added that “low-frequency targets were always
paired with low-frequency precedents”. Our experiment was divided into high-frequency words
and low-frequency groups as a whole. High-frequency priming words always match high-
frequency targets, and low-frequency precedes always match low-frequency targets, regardless
of whether they are in the related group or the unrelated condition.

If the low-frequency target word is preceded by the high-frequency word, we have not
considered this situation.

5/ As for the final set of stimuli, the authors should provide all values (mean and SD) regarding
length, frequency, scores of semantic relatedness and of phonological relatedness, and so on...

Reply: Thanks for the kind remind. The variable control of this experiment has been replied to
guestion 3.

6/ In the paragraph "set up formal experiments in blocks", it is mentioned that some filler trials
as been added in the investigation. However, the reader has no information regarding the kind
of trials it is.

Reply: Thanks for the kind remind. The experimental materials are allocated as follows:

“The whole experiment was divided into six blocks, three for semantic judgment tasks and
three for phonological judgment tasks. The order of item presentation within each block was
random and the block order was counter-balanced across-subjects. There were 144 trials per
block, including 120 test trials and 24 filler trials. Half of the trials used high-frequency word-



pairs and the other half used low-frequency word-pairs. For each frequency, 20 trials were
performed on semantically related pairs, 20 trials were performed on homophone pairs, and 20
trials were performed on unrelated pairs. Consequently, a total of 864 trials were included in
the present experiment. Each target word appears only once in each block. Filler trials were
used to reduce reaction bias due to unequal number of trials requiring positive or negative
reactions.”

Specifically, the filler trials in each block are also half high-frequency and half low-
frequency. For the block of semantic judgment task, filler trials were all semantically related
pairs. For the block of phonological judgment task, filler trials were all homophone pairs.

7/ 1 think that it is not useful to provide the full explanation on how to set up a cap. Indeed, the
setup is mainly driven by the type of EEG system used by the researchers. In a similar vein, the
choice of mastoids as reference is dependent on researchers' choice. | think that there is too
much detail on the setup, whereas nothing is mentioned on parameters used for EEG recording
(bandpass, online filtering, sample rate, ...).

Reply: Thanks for the kind remind. The parameters used for EEG recording have been added
in protocol section and as follows:

“All electrode impedances were kept below 10 kQ. The EEG signal was amplified by the
BrainAmpDC amplifier system (Brain Products GmbH) with a bandpass of 0.01 to 100 Hz and
was continuously sampled at 500 Hz.”

8/ Similarly, there is no information at all regarding EEG preprocessing which is crucial to
understand how the authors obtained their ERP waveforms.

Reply: Thanks for the kind remind. The EEG preprocessing has been added in protocol section
and as follows:

“The ERPs were computed from the 100 ms before to 600 ms after the onset of the target word
(100 ms pre-target baseline). Semi-automatic Ocular Correction with Independent Component
Analysis was adopted. The EEGs were bandpass-filtered offline from 0.05 to 30 Hz (zero phase
shift mode, 24 dB/oct). Epochs exceeding +80uV were automatically discarded by artifact
rejection and trials that responded incorrectly were also eliminated. Overall, 17.4% of the trials
were discarded.”

9/ The authors should be very careful when analyzing and interpreting their data, since the
related pairs and unrelated pairs (that are compared) to do require the same behavioral
response. Thus, how the authors did take that into consideration?

Reply: Thanks for the kind remind. Sorry, I don’t understand your question. Since we are the
first study to verify the interaction model through the interference task of Chinese two-character
compounds, and we were also not completely convinced of this result at first. However, in order
to verify the above results, and also to further explore whether semantics have an influence on
the early morphological decomposition, we conducted two common lexical decision



experiments with masked (50ms) and unmasked (200ms) priming paradigms (This article has
been submitted to the Language Cognition and Neuroscience). These two experiments once
again obtained the effect of semantics on early word recognition, which echoes the results of
this article.

10/ Behavioral data should be described, and the statistical analyses reported in the
manuscript.

Reply: Thanks for the kind remind. The target word presented for 500 ms. Then, a questioning
cue “?” was presented until the participant were asked to press a button as quickly and
accurately as possible once they made their decision for the word-pairs just presented. We found
that although the ERPs were recorded from the onset of target word, the behavioural data was
recorded from the onset of “?”. This leads to our response time seems to be about 300-400ms
less, so we did not reported behaviour data. However, it is worth noting that both the error rate
and reaction time data are basically consistent with the ERP results. In the following article, the
starting point of behavioural data recording was highlighted, and the data was also analysed in
detail.

Wang, Y., liang, M., Huang, Y. & Qiu, P. An ERP Study on the Role of Phonological
Processing in Reading Two-Character Compound Chinese Words of High and
Low Frequency. Frontiers in Psychology. 12, doi:10.3389/fpsyg.2021.637238,
(2021).

11/ Regarding the interpretations, it is difficult to follow, since we cannot exclude that the
phonological effect observed in the 300-500 ms in the semantic task could be sustained by other
stimuli characteristics (or rather other types of differences between related and unrelated
pairs), since the reader did not know how related pairs and unrelated pairs are matched. The
same critic can be applied to the semantic effect obtained in the phonological task.

Reply: Thanks for the kind remind. We have tried our best to control other variables that may
influence the conclusion. For a detailed answer, see question 3.

12/ Based on Figure 1, why the authors did not perform any statistical analyses in earlier time-
window? It seems that control pairs are clearly associated with larger negativities compared
with homophone pairs in the 100-150 ms over the left hemisphere.

Reply: Thanks for the kind remind. Because N1 was not analysed in the relevant literature we
consulted, we did not consider this component originally. In the results section of this article,
the data analysis results on N1 have been added.



ERP Results for the Semantic Judgment Task

THE 100-150-ms Period (N1)

For the midline electrodes, the ANOVA yielded a main effect of Frequency [F(1, 23) = 9.451,
P =.005, 7% =.291], indicating that high-frequency pairs elicited a significantly more negative
waveform than low-frequency condition. A similar significant main effect of Frequency was
also observed at the lateral sites (P = .008). In addition, for high-frequency pairs, a significant
main effect of Relation Type was also observed [F(1, 23) = 8.826, P =.007, %,=.277], showing
that unrelated pairs elicited a significantly more negative waveform than homophone condition.
A similar significant main effect of Relation Type for high-frequency pairs was also observed
at the left hemisphere.

ERP Results for the Homophone Judgment Task

THE 100-150-ms Period (N1)

No significant effect or interaction was found in the midline electrodes or lateral sites.

13/ It should be noted that the earliest "N1" and the P200 effects can also be, at least partly,
due to the semantic processing of the previous word. Indeed, there is only 400 ms separating
the presentation of the two words. It is then reasonable to think that processing of the preceding
word is not fully done when the second word is displayed on screen. Therefore, there is still
some influence of semantic processing in the ERP waveforms time-locked on the onset of the
second word.

Reply: Thanks for the kind remind. In this article we did not explain the P200 in detail, but in
the original paper in Frontiers we discussed the possibility you mentioned.

“Regarding the P200 frequency effect, there may be two explanations. First, this early
component may be a carry-over effect of the processing of the primes. Because our priming
words were only presented for 140ms, the subjects may still process the primes when the target
words were presented. Thus, the P200 effect may be the carry-over of the primes’ N400 and
late positive components. Second, it has been reported that early ERP components are sensitive
to lexical frequency (Carreiras et al., 2005;Hauk et al., 2006). So the P200 frequency effect in
our experiment may prove a top-down flow of information during visual word recognition.”

In addition, we have added this view in the discussion part of this article.

Minor Concerns:

1/ "fake word" (for instance, p3, 192) should be replaced with "pseudoword throughout the



manuscript.

Reply: Thanks for the kind remind. All "fake word" have been replaced with "pseudoword
throughout the manuscript.

2/ In the section "determine the final stimuli", the cutoff criteria for selecting lower and higher
scores should be provided.

Reply: Thanks for the kind remind. We have added all the detailed information about the
stimulus material.

3/ It is mentioned that participants could rest for 4 to 10 minutes after each block. This seems
to be very long breaks. Is there any justification for this duration?

Reply: Thanks for the kind remind. Our task needs to determine whether the preceding and the
target word are semantically or phonologically consistent, rather than just the target word. In
addition, each block contains a large number of words (144 pairs), so the participants rested for
an average of about 4 minutes after each block, and some participants would ask for a longer
rest time.

4/ In the different sections in which the authors reported the statistical analyses, some values
are missing. For instance, for the semantic task, no values are reported for the frequency effect
in the P200 time-window as well as for the effect of relation type in the N40O time-window.

Reply: Thanks for the kind remind. The frequency effect in the semantic task was modified as
follows:

ERP Results for the Semantic Judgment Task

The 160-280-ms Period (P200)

For the midline electrodes, the ANOVA yielded a main effect of Frequency [F(1, 23) = 5.546,
P =.027, n% = .194], indicating that low-frequency pairs elicited a significantly more positive
waveform than high-frequency condition. No other significant effect or interaction was found
in the midline electrodes. Moreover, the main effect of frequency was also found at the lateral
sites.



Supplemental File (Figures, Permissions, etc.) Click here to access/download;Supplemental File (Figures,
Permissions, etc.);explicit permission to reprint.docx



https://www.editorialmanager.com/jove/download.aspx?id=1330518&guid=3d6ebe06-5979-4876-aa24-89deaf20750d&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1330518&guid=3d6ebe06-5979-4876-aa24-89deaf20750d&scheme=1

Supplemental File (Figures, Permissions, etc.)

APPENDIX

Click here to access/download;Supplemental File (Figures,
Permissions, etc.);Appendix.xIsx

he first 60 rows of words form the high frequency group while the rest form the low frequency grou

Phonological precede

Semantic precede

Control precede

Target

1 ¥& 77 jing(L)li(4) 3% ti(3)yan(4) Erih zheng(4)zhi(4) 227 jing(L)li(4)

2 Tk xing(2)cheng(2) 2% lu(4)xian(4) R yao(1)qiu(2) 1T#% xing(2)cheng(2)
3 Ji5 B3 dian(4)yuan(2) i cha(1)zuo(4) JEH fei(L)chang(2)  EEJE dian(4)yuan(2)
4 9% xiao(1)shou(4) 1% shi(4)chang(3) 3% mu(3)qin(1) £ xiao(1)shou(4)
5 - jin(4)shi(4) 4% yan(3)jing(4) 1%z huo(2)dong(4)  UTHK jin(4)shi(4)

6 75 shi(1)sheng(1) R xue(2)xiao(4) VAZEqi(4)che(l) Jii: shi(1)sheng(1)
7 AT bao(4)shi(2) REfE fei(2)pang(4) H1[E] zhong(L)jian(l) # & bao(4)shi(2)

8 5144 wen(2)ming(2) #LFH 1i(3)mao(4) & ji(4)suan(4) SCH wen(2)ming(2)
9 H+ qi(2)shi(d) INE xiao(3)kan(4) 371 li(4)ke(4) AR qi(2)shi(4)

10 [Al{k tong(2)hua(4) HE yu(4)yan(2) HEIE pi(1)ping(2) # 1 tong(2)hua(4)
11 55l mi(d)feng(4) ELH kun(l)chong(2) B A sheng(D)ti(3) 14 mi(4)feng(4)
12 B li(4)zheng(4) £ bi(3)zhi(2) =8 yan(2)zhong(4) Z1E li(4)zheng(4)
13 & chong(1)ji(1) Wz 1 chi(1)bao(3) S wen(2)xue(2)  FEL chong(1)ji(1)
14 7 yi)ai() % she(d)bei(4) W dao(4)li(3) (%22 yi(2)qi(4)

15 ffifs bao(3)shi(2) Eha zuan(d)jie(d)  FJE mao(2)dun(d) A bao(3)shi(2)
16 FH{& sheng(1)zhi(2) PRZz huai2)yun(d) 35371 pang(2)bian(l)  ZEif sheng(1)zhi(2)
17 443§ jing(1)yan(4) 5% piao(4)liang(0)  BHR ming(2)tian(1) 5 jing(1)yan(4
18 i yi(4)yi(4) MH jia(4)zhi(2) M5 fu(2)wu(4) X yi(4)yi(4)

19 JUE zhi(3)shi(4) fr ming(4)ling(d) A shi(Qyou(2)  #57% zhi(3)shi(4)
20 M2 shi(4)xian(4) HiX di(4)qu(l) i re(4)qing(2) i E shi(4)xian(4)
21 44 shi(2)shi(1) T zhi@)xing(2) 82 dian(4)ying(3)  SZHE shi(2)shi(l)

22 ¥+ zhi(L)shi(4) [ xue(2)wen(d) 11 men(2)kou(d)  iH zhi(1)shi(4)
23 Bk xian(4)cheng(2) Z Kt xiang(L)cun(l)  #5C shou(3)xian(l)  Eixk xian(4)cheng(2)
24 {75 xing(2)shi(4) JEITAT ju(2)mian(4) 48} cai(2)liao(4) T4 xing(2)shi(4
25 SE li(4)yi(4) #1-4h hao(3)chu(4) W5 wu(4)zhi(4) FIZE li(4)yi(4)

26 4052 ji(4)shi(2) % miao(3)biao(3)  EJF ping(2yuan(2) T ji(4)shi(2)

27 A qi(3)ye(4) /A ] gong(1)si(1) A nei(4)rong(2) 4Bl qi(3)ye(4

28 % shi(2)wu(4) ‘B-1-bao(1)zi(0) F%SZ cheng(2)li(4) &4 shi(2wu(4)
29  HEZE wang(4)ji(4) [B147, hui(2)yi(4) TEHE dao(4)1i(3) =it wang(4)ji(4)
30 FHigk sheng(L)zhang(3)  Al#4 cheng(2)shu(2)  TifE ze(2)ren(4) £+ sheng(1)zhang(3)
31 R shi()li(d) IRE% yan(3)jing(0) /M xiao(3)shi(2) ¥ F7 shi(4)li(4)

32 I shi(4)ji(4) It shi(2)dai(4) S jie(d)shao(d) 140 shi(4)ji(4)

33 HHZ zhi(2wu(4) R shu(4)mu(4) HAH hu(@)xiang(l)  ##% zhi(2)wu(4)
34 TH he(2)li(3) 345 guo(4)fen(4) H|iA dao(4)chu(d) A he(2)li(3)

35 KU jin(3)jin(3) A zhi(3)you(3) H i zi(4)you(2) {Z4¥ jin(3)jin(3)

36 LZ gong(l)yi(4) #%0» ai(4)xin(1) 5 bao(4)gao(4) A4k gong(1)yi(4)
37 414 zhi(1)bu(4) %7 dang@3)wei(3) & jian(3)dan(l) 2B zhi(1)bu(4)

38 %] 1551 te(4)bie(2) ER zuo()tian(l) BRI ji(2)qi(2

39 — R yi(2)dong(4) B8 lian(2)tong(1) P zhe(2)xue(2) %z yi(2)dong(4
40  THZh hua(4)gong(1) £ 1H shi(2)you(2) KA tian(1)qi(4) {b. T hua(4)gong(1)
41 EEE jing(1)ying(2) £ xiao(1)shou(4)  H 4% er(3)duo(0) 2272 jing(1)ying(2)
42 75 2 sheng(1)yu(4) %= huai(2)yun(4) P& i shang(1)pin(3) A F sheng(1)yu(4)
43 254 xian(1)yan(4) 54 an(4)dan(4) FAFR chu(3)1i(3) fit#f xian(1)yan(4)
44 FIOR yu(4)shi(4) JRERT ce(4)suo(3) BLR ju(@iti(3) 2= yu(4)shi(4)

45 X5 ji(1)guan(l) EAfr dan(1)wei(4) T zui(4)jin(4) HL ji(1)guan(1)
46 A 5 qi(2)yi(4) B ming(2)que(d4)  EfE xuan(l)chuan(2) 1% qi(2)yi(4)

47 JEH jian(3)zhi(2) JLF ji(L)hu(L) %okl zi(1)liao(4) %H jian(3)zhi(2)
48 i bi(3)shi(4) /NF xiao(3)kan(4) i cheng(2)ji(4) BRI bi(3)shi(4)

L]
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49 A2 gian(2)cheng(2) B0 zhen(L)xin(1) JRIA yuan(2)yin(1) i gian(2)cheng(2)
50 U zhu(4)yuan(4) E97 sheng(1)bing(4) A% tong(2)xue(2)  fEPE zhu(4)yuan(4)
51 0 jia(1)ju(4) W% sha(L)fa(l) H 79 mu(4)di(3) % 2. jia(1)ju(4)

52 % lie(4)shi(4) i xi(1)sheng(4) FEH ti(2)gong(1) FU lie(4)shi(4)
53 ) jia(l)xin(l) FFEH sheng(L)zhi(2)  #ilkn 1i(4)ru(2) N jia(L)xin(1)
54 1R jie(1)shi(4) #AE fan(2)hua(2) $R4% bao(4)zhi(3) i jie(1)shi(4)
55 %4 lian(2)jie(2) ¥5% pu(3)su(4) A ren(2kou(3) By lian(2)jie(2)
56 ST shi(2)zheng(4) A5 re(4)dian(3) 532 lun(4)wen(2) Asf I shi(2)zheng(4)
57 Bt xian(4)shi(4) H1X di(4)qu(l) 87 mao(4)zi(0)  EL77 xian(4)shi(4)
58 S0 shi()xin(l) I jian(1)zhi(2) {ELF- si(4)hu(2) % shi(2)xin(1)
59 BARE ming(2)li(4) 75 2 sheng(1)wang(4) 324 shi(2)yan(4) 4% ming(2)1i(4)
60 {7 bian(4)yi(4) 1% yi(2)chuan(2) P# i shang(L)pin(3) 5= bian(4)yi(4)
61  #E¥E hao(4)jie(2) i 1 jiao(3)bai(2) FALBE cu(1)shu(l) %35 hao(4)jie(2)
62 H% zhong(1)shu(4) 2205 xiao(4)ti(4) Z45 cha(2)fang(l) B4R zhong(1)shu(4)
63 &5 he(2)gu(3) Z2K shu(3)mi(3) AUAE quan(2)bing(3) KA he(2)gu(3)

64 FTT su(d)li4) it jiao(Lhao(3) i hui@)yan(2) W su(4)li(4)

65 f & huo(4)liang(4) gl hui(4)an(4) Bt han(1)meng(4)  #A7% huo(4)liang(4
66 24, can(1)shi(4) TRIT fan(4)ting(1) 4R chang(4)ran(2) % =2 can(1)shi(4)
67 A feng(1)shi(2) F % chong(l)ying(2) 7 % Iu(2)hao(1) 4252 feng(L)shi(2)
68 BfHY fu(d)yi(4) MR tian(2)shui(4) 522 lou(2)kong(l)  J&7Z fu(4)yi(4)

69 s feng(1)yi(4) {4 ti(4)tang(3) EE wo(L)ju(d) X3 feng(1)yi(4)
70 i gu@)xi(l) 2T hong(2)li(4) B ci(2)zhang(l) M gu(3)xi(l)

71 HEk yu(2)gian(2) IR xiang(1)e(4) ZEHE chou(2)cuo(d)  #RE yu(2)gian(2)
72 37 shu(L)li(4) %] wan(3)yue(l) EFL ying(2)si(1) MR shu(L)li(4)

73 i bai(4)ye(4) &1} tan(4)fang(3) B pi(4)mei(3) FEi8 bai(4)ye(4)
74 N mei(2)yu(3) g xiao(4)ye(4) V525 ling(2)jia(4) JB T mei(2)yu(3)
75 ling(2yu(3) 7 jian(L)lao(2) 1K dao(3)ge() ling(2)yu(3)
76 S qi(3)shi(4) 50 du(3)zhou(d)  Z5% di(4)yue(l) F2Z qi(3)shi(4)

77 B qing(1)fu(2) 22K an(1)xian(2) LB yan(2)jian(3)  TE#E qing(L)fu(2)
78 7% shi(4)jing(3) TR liu(2)su(2) #HEY zhen(1)zhuo(2)  iH: shi(4)jing(3)
79 il ji(4)yu(2) = & wang(4)tu(2) BT chang(1)jue(2) ik Ji(4)yu(2)

80 s jia(1)ji(1) B ye(3)zhi(4) WA kuan(l)you(4)  F3E jia(1)ji(1)

81 ERTH giu(2)shi(4) IS%E jian(1)jin(4) H# gan(2)lin(2) INZE qiu(2)shi(4)
82 WL ging(1)xin(1) 54K yi(2)ran(2) &2 dun(4)qu(4) 1EE qing(L)xin(1)
83 %ff you(4)yu(2) FIE ju(L)ni(2) LLFE pan(2)ju(4) [T you(4)yu(2)
84 e 4 dian(4)shi(4) # 5 lin(2)xuan(3) A% chuan(2)xian(2) iz dian(4)shi(4)
85 T £l dai(4)jin(4) KK min(3)mie(4) BEA jia(1)giao(4) AR dai(4)jin(4)
86  TEA fu@d)he(2) % ji(L)cha(2) B1ZE hu(2)qin(2) % 1% fu(4)he(2)

87 k8 fei(1)hong(2) B3 dai(4)Iv(4) B3 du(l)shuai(4)  £4T fei(1)hong(2)
88 il fu(2)yang(3) W35 jian(1)hu(4) HE ge(2)Iv(3) 5% fu(2)yang(3)
89 J3— gui(1)yi(1) JINEF jia(1)chi(2) 7% yan(1)mo(4) AR & gui(l)yi(1)

90  {HiEl qing(1)xie(4) YR dui(4)xia(1) BB guan(l)huan(4) 7% qing(1)xie(4)
91 4K fei(1)ye(4) PN fei(4)feng(1) et feng(4)lu(4) BETT fei(1)ye(4)

92 %S rong(2)hui(4) 3% tong(Ltou(d)  YEIE xi(3)di(2) 4 rong(2)hui(4)
93  {5i%Y qing(1)xiao(1) ZH72 bi(4)kong(1) JREE hu(2)yi(2) A ging(1)xiao(1)
94 il ni(4)shi(4) %W leng(3)guan(l)  RZE fu(2)an(4) B2 40 ni(4)shi(4)

95 H HE mu(4)kuang(4) R4 gian(1)xin(1) 11 gou(1)hao(2) SHET mu(4)kuang(4)
96 BAES ming(2)hui(4) BE = bi(4)ji(4) P gu()shuang(l) 4 ming(2)hui(4)
97 i kai(1)shi(4) 5 ca(1)mo(3) ol gian(4)shou(l)  #54 kai(1)shj(4)
98 247 jing(L)ji(4) 122 huang(2)kong(3) 28k pan(L)yue(d) 11 jing(1)ji(4)
99  Ja7i hou(4)yi(4) Bt sheng(4)ging(2) Mkt wei(2)gan(l) =& hou(4)yi(4)
100 ¥ bing(3)xi(1) %1t fa(1)chu(4) BEIE ning(2)zhi(l) KA. bing(3)xi(1)
101 £5F jie(2)li(4) T ling(2)ding(l)  #Z moB)shad)  F 7 jie()li(4)

102 A7 xiu(1)shi(4) #shen(2)zhi(2)  EE4E mu(d)chun(l) & xiu(1)shi(4)
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115
116
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118
119
120

ISE jian(1)cha(2)
] jin(4)zhi(4)
iUk gu(4)ji(2)
PREA xiu(1)qi(4)
244 jing(1)shou(4)
%)% jiao(1)zhi(4)
74 xian(4)zhi(4)
A fu(2)shi(4)

H £5 zi(4)yi(4)

W i zhen(1)ji(1)
EL1% zhi(1)yi(4)
% shi(2)yi(2)
HE yu(3)yi(4)
PRB% wei(1)dai(4)
B> yan(2)xi(2)
22 wu(4)mian(4)
R i(2)ju4)
I chi(2)yu(4)

178 chong(1)pao(4)
fitti% han(1)chang(4)
TWHE wan(2)zheng(4)

PRI chai(1)xie(4)
AR fei(2)shuo(4)
ZR4X tai(4)ran(2)
Z1E kao(3)ju(4)
2R ca(L)chu(2)
KEE da(4)si(4)
4 sou(1)bu(3)
REE chi(2)yi(2)
3K jian(3)huo(4)
JIUF zhao(3)ya(2)
574 gao(4)ji(2)

7K bing(3)cheng(2)

P jie(L)jian(4)
£H jin(3)po(4)

4 ¥ ming(2)yang(2)

Jiki mai(4)chong(1)

% = mao(2)ting(2)
#E %) man(2)jin(4)
Z % liao(2)luo(4)
il lao(2)dun(4)
517 zhi(1)xi(1)
TR yin(2)wei(1)
ik gu(3)zao(4)
B3 zao(4)jia(2)
1.0y men(2)xin(1)
TLZ~ rong(3)za(2)
#ik shu(L)jun(4)
WIS fu(2)xiao(3)
FH 1 tian(2)geng(3)
EIZ meng(4)yi(4)
9 lei(2)ruo(4)
72 shui(4)sui(4)
% he(4)ran(2)

RIS jian(L)cha(2)
RE jin(4)zhi(4)
JEEE gu(4)ji(2)
{EE xiu(1)qi(4)
FE¥E jing(1)shou(4)
5 jiao(1)zhi(4)
H7E xian(4)zhi(4)
it fu(2)shi(4)
RE zi(d)yi(4)
{128 zen(1)ji(1)
HE zhi(2)yi(4)
i shi(2)yi(2)
P13 yu(3)yi(4)

fis 5 wei(1)dai(4)
n22 yan(2)xi(2)
& wu(4)mian(4)
23 ji2)ju(d)
iz chi(2)yu(4)




