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Table A. Test Stimuli

Supplementary Materials

Item # ltem Type Length Log10 Stroke CS.L teachers’ o NSs’ rat.ir.lg on idiom’s
frequency number rating on NNSs’ familiarity compositionality

1 ANELY Idiom 3-Character 7.03 21 4.18 431

2 EJETT Idiom 3-Character 7.18 16 4.15 3.29
3 I Idiom 3-Character 7.50 27 4.21 4.08
4 XA Idiom 3-Character 7.29 25 4.06 3.57

5 i Hh L Idiom 3-Character 7.48 26 4.03 4.09

6 R1q K Idiom 3-Character 7.61 21 4.79 4.28

7 EAGH Idiom 3-Character 7.67 23 4.79 3.90

8 AR L&D Idiom 3-Character 6.49 16 412 3.80

9 WR 4 57 Idiom 3-Character 6.90 16 433 3.31
10 T Idiom 3-Character 7.51 18 4.03 3.98
11 IS Idiom 3-Character 7.61 23 4.12 3.24
12 AT Idiom 3-Character 7.69 15 4.09 3.90
13 ELZx Idiom 3-Character 7.60 17 4.73 3.80
14 THF Idiom 3-Character 7.55 13 4.45 3.75
15 AR Idiom 3-Character 7.64 18 4.06 4.03
16 AR Idiom 3-Character 8.00 19 4.00 3.65
17 E Ve Idiom 3-Character 7.48 19 4.61 4,57
18 RS Idiom 3-Character 7.67 24 4.15 4.00
19 HIET Idiom 3-Character 7.47 20 421 4.44
20 SERME Idiom 3-Character 7.47 33 418 4.44
21 Eia Idiom 3-Character 7.49 28 4.00 341
22 TEE Idiom 3-Character 6.93 23 4.09 3.54
23 124A Idiom 3-Character 6.99 27 4.00 4.26
24 JUECSR Idiom 3-Character 7.48 22 4.03 3.63
25 AEZ)  Non-idiom 3-Character 7.74 21 N/A N/A
26 FEHIT  Non-idiom 3-Character 6.90 15 N/A N/A
27 A—I  Non-idiom 3-Character 7.32 22 N/A N/A
28 MEEER  Non-idiom  3-Character 7.23 22 N/A N/A
29 #WTHE  Non-idiom 3-Character 6.98 20 N/A N/A
30 KT Non-idiom  3-Character 7.69 23 N/A N/A
31 F#EM  Non-idiom  3-Character 7.68 25 N/A N/A
32 MAEIZ  Non-idiom  3-Character 7.78 19 N/A N/A
33 Wik T Non-idiom  3-Character 7.51 16 N/A N/A
34 3L Non-idiom  3-Character 7.68 13 N/A N/A
35 FTFEF Non-idiom  3-Character 7.51 25 N/A N/A
36 HAE Non-idiom  3-Character 7.91 14 N/A N/A
37 &AM Non-idiom 3-Character 7.80 17 N/A N/A
38 FJLK Non-idiom  3-Character 8.00 12 N/A N/A
39 ANgEfL  Non-idiom  3-Character 8.00 25 N/A N/A
40 WA Non-idiom 3-Character 7.38 20 N/A N/A
41 Z#Ffh  Non-idiom  3-Character 8.00 28 N/A N/A
42 U714 % Non-idiom 3-Character 7.72 28 N/A N/A
43 JF4J5 Non-idiom  3-Character 7.49 17 N/A N/A
44 SEEMN Non-idiom  3-Character 6.95 35 N/A N/A
45 L4807 Non-idiom  3-Character 6.47 25 N/A N/A
46 5Bk Non-idiom  3-Character 6.51 16 N/A N/A
47 (RS Non-idiom  3-Character 7.30 24 N/A N/A
48 id£ /A  Non-idiom 3-Character 7.72 15 N/A N/A
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Table B. A Full Transcription of an NNS Participant

Type*  Item Think-aloud reports English glosses

3-i AL ey, RAE Correct. | really want to see.

3 PXEy:3 ey, KRR, LA T4, X Ere  Correct. | LAI-DE-JI (do it in time; use the idiom to say a
B, ERER sentence); there are still ten minutes, here is relatively

close, still LAI-DE-JI (use the idiom again).

3-i F AL xtay, RAEE, REE Correct. Very ugly, do not want to see.

3-i 37 & 2 sFhy, #ARLT A F L Correct, just means having a very good meaning.

3-i 1T iE i, AT EE Correct, just means to say hello.

3-i $8F iz/\&ém\, AL HT I know this one, just means GUO-RI-ZI (repeat the idiom).

3-i e it A, 2K R REZXANZFZ  Correct. | have seen this word, but I don’t quite understand
it.

3-i i EATSmid, XX AE, RAfee, I don’t know, I have never seen this word. Should be
wrong.

3 & MR ey, A AL KR Correct, just means that it looks very lively.

3-i ERA ey, AAEFRAE; FAA, BELR4 Correct. Just means DENG-BU-JI (can't wait; repeat the

%7 idiom); DENG-BU-JI (repeat the idiom), | can't wait
anymore.

3-i KRS , R ENE Correct, meaning very simple.

3-i :l'— £ &, —EFay— :l'— Correct, half of a lifetime.

3-i ) ;‘y’:)"JJii, 5ty AR A&, FE@m# 1 haven’t seen it, it’s not right; DA-GUAN-SI (repeat the
NBIFE PG R TN * Z W E idiom) means, it seems that the latter two words seem to be
VLR AT 3 2 R34y related to work, so it should not use the word DA (beat; the

first word of the idiom).

3-i =T stay, m ERBTZEM, Jr, &&EA& Correct. After the darkness at night, si, | am walking in the
B, dark.

3-i I Y s, bbF, REBA K, T#E EH  Correct. For example, | BU-GAN-DANG (don’t dare to
A be; use the idiom’s literal meaning to say a sentence)

president; | BU-GAN-DANG (use the idiom’s literal
meaning again) the host.

3-i 3 BRI, &, B, XNAREMSFE It should be right, yes, er.....this person can
KAO-DE-ZHU (be relied on; use the idiom to say a
sentence).

3-i h A ey, AAHET —PMA Correct, meaning to give birth to a person.

3-i A s, kit &, ReidE Correct. Can pass, can pass.

3-i A IE BANE ST, igathg: e I have never learned this; I feel it’s correct; I guess.

3-i ITEE &, #H~, R, BHEL 11/1\ DA-ZHU-YI (repeat the idiom) er......not right, because |
IERIEMES, FruldriiAN#hia R~ have never seen this, ZHU-YI (the second part of the
pa idiom) means "mainly", so the verb DA (beat; the first

word of the idiom) is wrong.

3-i e EAE R, KRG/ I have never seen this, I feel it’s wrong.

3-i FrR % st B EGEE: Correct. Driving at night.

3-i e 5, Aeek 409 L —AF Correct, the same as CHUI-NIU (another idiom).

3-i A B B AFegee, BiZA LB @ En...should be correct, just meaning to go to the back door.

4-i TAEA T ATEARD, A ;‘i\-ﬁi%}k——ﬁb ]‘ﬂ% I have no ability; I can't solve some problems.

4-j — KR M. [_217;55& 0, BAFiT, 2K Ah...... It should be right because I have learned it, but I
TH2EE forgot what it means.

4-i T4mEB AAAZREZA LT, KREi£T —A4 Two persons didn't make an agreement beforehand and
25 then chose one something.

4-i i8R B AF EARA, RIE, %G94, RNE This is wrong, I don’t understand, PO (first character in the
idioms) is like in QIANG-PO (to force), I don’t
understand.

4-i — AR AR, FHRRA I haven’t seen it; it seems to be wrong.

4-j SHER AL, 25T I also learned this, but I forgot.

4-i R R4 38y, RizAREEE Y —/A 89 &%, — Correct. It should mean that there is no need to lack one. It
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must be enough.

Right, there is no such thing in front, that is to say, what |
have achieved myself is that no one has done it before.
Correct, just means do not choose methods.

Correct. There is no way to do this thing.

Incorrect; it should be YI-LU-SHUN-FENG (another
idiom, meaning a bon voyage)

| have seen this word, | have never learned it, but | have
seen this word.

It should have something to do with expressing one's own
emotions; | have never learned, but correct, because of the
two characters KU (cry; first word of the idiom) and XIAO
(laugh; second word of the idiom) in it.

It has something to do with talking; it’s correct; I learned,
but | forgot what it means.

I have studied this, but | forgot.

Correct, meaning can understand at a glance.

I have seen CHU-HU-YI-LIAO (another idiom with
similar form and meaning), but | have never seen
CHU-REN-YI-LIAO (the target idiom). It should be
wrong.

I have studied, | forgot the meaning; very lively, an event
is XING-GAO-CAI-LIE (use the idiom to say a sentence).
Ah, this, learned but forgot.

Get...... don't know, haven't learned.

Correct. Very surprised.

It should be correct...... It means chatting until very late.

Demand, GONG-BU-YING-QIU, GONG-BU-YING-QIU
(repeat the idiom twice), oh yes, supply does not meet
demand.

Correct, meaning to have some confidence; when you do
something, you feel you can be successful, like when you
guess the answer to a question.

Yes, can't see.

Correct. Just means a thing is originated from China.
Correct. | saw you someplace.

Correct. | really want to eat something.

Correct, a thing to play.

Correct. It will be fine after few days.

be able to see, correct.

Yes, this book has been read throughout for once.

Correct. | am waiting for him.

Correct. It seems that | want to take this course.

Correct. Six months later.

DA-SI-LE, correct, killed them in this game.

Correct. When sleeping, be asleep BEI-ZI-LI (in the quilt;
use the phrase to say a sentence).

Correct. | dare not move; | dare not do anything.

Correct, leaning against the window.

Correct, just means CHU-BU-QU (can't go out; repeat the
idiom).

Correct. How long has it been?

Correct, it is hard to accept one thing.

I don't know what ZHUO-QIU (billiards; repeat the second
part of the collocation) means, ZHUO-QIU is...... but
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should be correct, DA-PINPANG-QIU (play table tennis),
DA-PAI-QIU (play volleyball).

Yes, make people... slow... Make the speed slow down.
Correct, just means another car.

Correct. While eating, (you) say CHI-DUO-DIAN (repeat
the idiom) to other people.

CHUI (to blow; repeat the first word), CHUI, er.....strong
wind blew this paper away (use the phrase to say a
sentence). Correct.

Correct. Go out from the door.

Correct. Who can tell you about this thing?

Correct, meaning "not all of".

Correct. What's different is that......

Correct, don’t want to see the forthcoming results.

Correct, just means a period of romantic relationship.
Correct, the person you like.

En......yes, BU-KE-NENG-YOU (repeat the idiom), there
is no possibility.

Correct, just means very important means, method.
Correct. It may be me, probability.

This  quantifier is  wrong, it
YI1-CHANG-FENG-YU (another collocation).
Correct. Today TIAN-QI-ZHEN-HAO (The weather is
really good today; use the phrase to say a sentence).
Correct. When she is KU-DE-SHI-HOU (crying; use the
phrase to speak a sentence).

Correct. | just JIN-TIAN-CAI-ZHI (knew it today; use the
phrase to say a sentence) DAO.

Correct. HU-RAN (repeat the first two characters) means
Suddenly, and ZHANG-CHU (grow out; repeat the last
two characters) just mean, something grows out; there is a
thing that suddenly comes out.

Correct, doing some things very relaxed and freely.
Correct. LIAO-JIE-YI-XIA one thing (use the phrase to
say a sentence).

Correct. He is not in the room, he is out, outside.

Correct. WO-HEN-GAO-XING (I'm very glad to; use the
phrase to say a sentence) meet you.

Correct. In many ways, all kinds of.

Correct. DE-DAO-YI-GE result (receive; use the phrase to
say a sentence).

Correct, just means eating a lot in one meal.

Correct, just means a little chat.

Yes, yes, this is, | have seen this word in the economics
class, it is a product, supply, supply, something that is
mass-produced in a factory.

should be

Correct, just means there is something in one’s mind.

*3-i stands for 3-character idiom; 4-i stands for 4-character idiom; 3-ni stands for 3-character nonidiom FS; 4-ni
stands for 4-character nonidiom FS.
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The mixed effects model outputs and summaries of pairwise comparisons

In this paper, linear mixed-effects models are used to analyse Log10 transformed data to answer RQ1 and
3, and generalized linear mixed-effects models are used to analyzed quality of understanding scores, which are
categorical data, to answer RQ2.

The model structures and full outputs for RQ1 are presented in Table A1 and 2; model structures and full
outputs for RQ2 are presented in Table B1 and 2; model structures and full outputs for RQ3 are presented in
Table C1 and 2.

Abbreviations used in the output tables

Group2: NNS group

Type2: Nonidiom

Length2: 4-character

QOUO: incorrect ; QOU: partially correct; QOU2: fully correct

Categoryl: 3-C idiom; Category2: 4-C idiom; Category3: 3-C nonidiom; Category4: 4-C nonidiom

RQI (LoglORT data)

Table C1. Linear mixed-effects model analysis on the Logl1 ORT with Group, Type, and Length entered as
fixed effects, and subjects and items entered as random effects, including intercepts for subjects and items, and
by-subject and by-item slopes for Group, Type, and Length.

B SE t p
Fixed effects
(Intercept) 2.98 0.02 165.26 0.00
Group2? 0.23 0.04 6.36 0.00
Type2 0.03 0.01 2.20 0.03
Length2 -0.01 0.01 -0.83 0.41
Group2*Type2 -0.01 0.02 -0.32 0.75
Group2*Length2 0.08 0.02 4.04 0.00
Type2*Length2 0.00 0.02 -0.10 0.92
Group2*Type2*Length2 -0.04 0.02 -1.62 0.11
Random effects Variance
Subject
(Intercept) 0.00
Group2 0.02
Type2 0.00
Length2 0.00
Item
(Intercept) 0.00
Pairwise comparisons B SE t p
Group1-Group2 -0.25 0.04 -7.26 0.00
Typel-Type2 -0.19 0.01 -2.09 0.04

Lengthl-Length2 -0.02 0.01 -2.35 0.02
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Table C2. Separate linear mixed effects model analysis for NS group and NNS group with Type and Length as
fixed effects, and subjects and items entered as random effects, including intercepts for subjects and items, and
by-subject and by-item slopes for Type and Length, and results of pairwise comparisons for Type and Length.

NS Group NNS Group

B SE t p B SE t p
Fixed effects
(Intercept) 2.98 0.02 170.92 0.00 3.21 0.03 9520 0.00
Type2 0.03 0.01 2.60 0.01  0.03 0.02 1.27 0.21
Length2 -0.01 0.01 -0.82 042  0.07 0.01 475 0.00
Type2*Length2 0.00 0.01 -0.13 0.89  -0.04 0.02 -2.16 0.03
Random effects Variance Variance
Subject
(Intercept) 0.00 0.02
Type2 0.00 0.00
Length2 0.00 0.00
Item
(Intercept) 0.00 0.00
Type2 0.00 0.00
Pairwise comparisons
Typel-Type2 -0.03 0.01 -2.52 0.02  -0.01 0.01 -0.47 0.64
Length1-Length2 0.01 0.01 1.10 028  -0.05 0.01 -4.29 0.00
3-C idiom vs. 3-C nonidiom -0.033 0.013 -2.60 0.01  -0.03 0.02 -1.27 0.21
4-C idiom vs. 4-C nonidiom -0.031 0.013 -2.43 0.02 0.013 0.02 0.61 0.55
3-C idiom vs. 3-C nonidiom 0.01 0.01 0.82 042 -0.03 0.02 -1.27 0.21
4-C idiom vs. 4-C nonidiom 0.01 0.01 0.96 0.34 0.013 0.02  0.61 0.55
RQ2 (QOU data)

Table D1. Fixed-effect-only generalized linear model analysis on QOU with Group, Type, Length and their
interactions entered as fixed factors.

B SE z p
Fixed effects
(Intercept) 0.68 0.03 20.4 0.00
Group2 -0.12 0.05 -2.42 0.02
Type2 0.01 0.05 0.19 0.85
Length2 0.01 0.05 0.22 0.83
Group2*Type2 0.05 0.07 0.72 0.47
Group2*Length2 -0.1 0.07 -1.33 0.19
Type2*Length2 -0.01 0.07 -0.21 0.84
Group2*Type2*Length2 0.03 0.1 0.32 0.75
Pairwise comparisons § SE z p
Group1-Group2 0.14 0.03 5.47 0.00
Typel-Type2 -0.04 0.03 -1.40 0.16

Length1-Length2 0.04 0.03 1.46 0.14
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Table D2. Separate fixed-effect-only generalized linear model analysis for NS group and NNS group with
Type, Length and their interactions entered as fixed factors.

NS Group NNS Group

B SE z p B SE z p
Fixed effects
(Intercept) 0.68 0.03 20.40 0.00 0.55 0.04 14.06 0.00
Type2 0.01 0.05 019 085 0.06 0.05 1.12  0.26
Length2 0.01 0.05 022 083 -0.09 0.06 -1.54 0.12
Type2*Length2 -0.01 0.07 -021 0.84 0.02 0.08 024 0.81
Pairwise comparisons B SE z p B SE z p
Typel-Type2 -0.00 0.03 -0.06 0.95 -0.07 0.04 -1.80  0.07
Length1-Length2 -0.00 0.03 -0.10  0.92 0.08 0.04 201 0.04
3-C idiom vs. 3-C nonidiom -0.01 0.05 -0.19  0.85 -0.06 0.05 -1.12 0.26
4-C idiom vs. 4-C nonidiom 0.00 0.05 0.10 091 -0.08 0.06 -1.42  0.15
3-C idiom vs. 4-C idiom -0.01 0.05 -0.22  0.82 0.09 0.06 1.54 0.12
3-C nonidiom vs. 4-C nonidiom 0.00 0.05 0.08 0.94 0.07 0.05 1.29 0.20

RQ3 (QoU on Logl0RT)

Table E1. Linear mixed-effects model analysis on Log10RT with Group, Type, Length, and their interactions
entered as fixed effects, QOU entered as covariate, and subjects and items entered as random effects, including
intercepts for subjects and items, and by-subject and by-item slopes for Group, Type, and Length, and
summary of contrast. Interactions of OOU with the other variables were removed due to the occurrence of
multicollinearity.

B SE t p
Fixed effects
(Intercept) 3.00 0.02 122.07 0.00
Group2 0.08 0.02 4.40 0.00
Type2 0.03 0.01 3.31 0.00
Length2 -0.01 0.01 -0.70 0.48
QoU1 0.00 0.02 -0.16 0.87
QoU2 -0.03 0.02 -1.62 0.11
group2:type2 -0.03 0.01 -1.86 0.06
group2:length2 0.37 0.01 26.69 0.00
type2:length2 0.00 0.01 -0.16 0.87
group2:type2:length2 -0.02 0.02 -0.83 0.41
Random effects Variance
subject
(Intercept) 0.00
item
(Intercept) 0.00
Residual 0.02
Pairwise comparisons B SE t D
Group1-Group2 -0.25 0.02 -16.44 0.00
Typel-Type2 -0.01 0.00 -2.64 0.01
Length1-Length2 -0.18 0.00 -35.55 0.00
QOU0-QOU1 0.00 0.02 0.16 1.00
QOU0-QOU2 0.03 0.02 1.62 0.32
QOU1-QOU2 0.02 0.01 2.73 0.02

Table E2. Separate linear mixed-effects model analysis for NS group and NNS group on Log10 RT with
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Category entered as the fixed effect, QOU entered as covariate, and subjects and items entered as random
effects, including intercepts for subjects and items, and by-subject and by-item slopes for Type and Length,
and results of pairwise comparisons.

NS Group B SE t p
Fixed effects

(Intercept) 291 0.09 31.24 0.00
categoryC2 0.06 0.18 0.34 0.74
categoryC3 0.04 0.18 0.20 0.84
categoryC4 0.03 0.01 2.45 0.02
QoUQ1 0.11 0.10 1.07 0.28
QoUQ2 0.07 0.09 0.75 0.45
categoryC2:QoUQ1 0.03 0.22 0.12 0.90
categoryC3:QoUQ1 0.00 0.21 0.00 1.00
categoryC4:QoUQ1 -0.12 0.12 -0.98 0.33
categoryC2:QoUQ2 -0.07 0.18 -0.38 0.71
categoryC3:QoUQ2 0.00 0.18 -0.03 0.98
Random effects Variance

subject

(Intercept) 0.00

item

(Intercept) 0.00

Residual 0.02

Pairwise comparisons of QoU|category 3 SE t p
3-C idiom

QOU0 - QOU1 n/a n/a n/a n/a
QOU0 - QOU2 n/a n/a n/a n/a
QOU1 - QO0U2 0.04 0.04 0.89 1.00
4-C idiom

QOU0 -QOU1 -0.14 0.19 -0.71 1.00
QOU0 -QOU2 -0.00 0.16 -0.00 1.00
QOU1 - QO0U2 0.14 0.11 1.22 0.67
3-C nonidiom

QOU0 - QOU1 -0.11 0.18 -0.60 1.00
QOU0 -QO0U2 -0.06 0.16 -0.41 1.00
QOU1 —QO0U2 0.04 0.09 0.48 1.00
4-C nonidiom

QOU0 - QOU1 0.01 0.14 0.06 1.00
QOU0 -QO0U2 -0.07 0.09 -0.75 1.00
QOUl1 —QO0U2 -0.08 0.11 -0.70 1.00
NNS Group B SE t p
Fixed effects

(Intercept) 3.09 0.04 85.39 0.00
categoryC2 0.34 0.03 12.23 0.00
categoryC3 -0.04 0.05 -0.80 0.43
categoryC4 0.36 0.03 10.49 0.00
QoUQ1 -0.02 0.03 -0.68 0.50
QoUQ2 -0.03 0.03 -1.29 0.20

categoryC2:QoUQ1 0.02 0.03 0.63 0.53
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categoryC3:QoUQ1
categoryC4:QoUQ1
categoryC2:QoUQ2
categoryC3:QoUQ2
categoryC4:QoUQ2
Random effects
subject

n/a

item

(Intercept)

Residual

Pairwise comparisons of QoU|category

3-C idiom
QOUO0 - QOU1
QOU0 - QOU2
QOU1 - QOU2
4-C idiom
QOUO0 - QOU1
QOUO0 - QOU2
QOU1 - QOU2
3-C nonidiom
QOUO0 - QOU1
QOUO0 - QOU2
QOU1 - QOU2
4-C nonidiom
QOUO0 - QOU1
QOUO0 - QOU2
QOU1 - QOU2

0.06
-0.01
0.03
0.04
0.00
Variance

0.02
0.01

0.02
0.03
0.01

-0.00
0.01
0.01

-0.04
-0.01
0.03

0.03
0.03
0.00

0.05
0.04
0.03
0.05
0.03

0.03
0.03
0.01

0.02
0.01
0.01

0.04
0.04
0.01

0.03
0.02
0.01

1.11
-0.34
0.94
0.85
-0.07

0.68
1.29
1.29

-0.11
0.38
0.64

-0.89
-0.22
2.36

1.20
1.43
0.40

0.27
0.73
0.35
0.40
0.95

1.00
0.59
0.59

1.00
1.00
1.00

1.00
1.00
0.06

0.69
0.46
1.00




