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Abstract
Previous studies have examined the syntactic001
capabilities of large pre-trained language mod-002
els, such as BERT, by using stimuli from psy-003
cholinguistic studies. Studying well-known004
processing errors, such as NPI illusive effects005
can reveal whether a model prioritizes linear006
or hierarchical information when processing007
language. Recent experiments have found that008
BERT is mildly susceptible to Negative Polar-009
ity Item (NPI) illusion effects (Shin et al., 2023;010
Vu and Lee, 2022). We expand on these results011
by examining the effect of distance on the illu-012
sive effect, using and modifying stimuli from013
Parker and Phillips (2016). We also further014
tease apart whether the model is more affected015
by hierarchical distance or linear distance. We016
find that BERT is highly sensitive to syntac-017
tic hierarchical information: added hierarchical018
layers affected its processing capabilities com-019
pared to added linear distance.020

1 Introduction021

The recent proliferation of large language models,022

such as BERT (Devlin et al., 2019), have inspired023

investigations into these models’ linguistic behav-024

ior. BERT, a ubiquitous baseline model in NLP ex-025

periments, provides context-based representation026

of text data. Numerous studies have attempted027

to reveal how accurately these language models028

simulate human behavior. One of the significant029

challenges in sentence processing is the resolution030

of long-distance syntactic dependencies between031

words or phrases.032

Here we study the processing of long-distance033

dependencies in BERT to better understand the034

limitations and strengths of transformer-based lan-035

guage models. We focus on the illusion effect in036

NPI licensing. We evaluate BERT on a psycholin-037

guistic dataset that examines the effect of distance038

on NPI illusive effects (Parker and Phillips, 2016),039

and additionally investigate the nature of the dis-040

tance that affects NPI illusive effects. We find that041

BERT is more affected by hierarchical than linear 042

information. 043

2 Related work 044

2.1 Related psycholinguistic work 045

Syntactic illusive effects are a type of psycholin- 046

guistic phenomenon where humans are tricked to 047

accept a syntactically ungrammatical sentence due 048

to an interferer. Most notably, illusive effects have 049

been shown in subject-verb agreement and in NPI 050

licensing (Xiang et al., 2009; Parker and Phillips, 051

2016; Orth et al., 2021). Here we focus on NPI 052

licensing effects. 053

English NPIs, such as any and ever, must be 054

licensed by a c-commanding licensor, for example, 055

negation (1) (Ladusaw, 1980). In other words, to be 056

licensed, the NPI has to be in a particular syntactic 057

relation with its licensor. 058

(1) a. No restaurant has ever gone out of busi- 059

ness. 060

b. *Some restaurant has ever gone out of 061

business. 062

At the same time, Xiang et al. (2009) have shown 063

with EEG measurements that speakers can process 064

unlicensed NPIs, such as ever, as if they were li- 065

censed, when there is an intrusive licensor (i.e., no) 066

that precedes, but not structurally licenses the NPI, 067

as in (2b). This suggests that linear word order can 068

override syntactic information for humans. 069

(2) a. No restaurants [that the local newspa- 070

pers have recommended in their dining 071

reviews] have ever gone out of busi- 072

ness 073

b. *The restaurants [that no local newspa- 074

pers have recommended in their dining 075

reviews] have ever gone out of busi- 076

ness. 077
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Illusive effects are affected by distance. Parker078

and Phillips (2016) have shown that the illusive079

effect is cancelled when the intrusive licensor and080

the NPI are more distant from each other (3a) com-081

pared to when they are closer (3b): that is, speakers082

correctly judge (3a) as ungrammatical, but not (3b).083

(3) a. *[The journalists [that no editors rec-084

ommended for the assignment] thought085

[that the readers would ever understand086

the complicated situation.]]087

b. *[The journalists [that no editors rec-088

ommended for the assignment] ever089

thought [that the readers would under-090

stand the complicated situation.]]091

However, the material in Parker and Phillips092

(2016) conflates hierarchical and linear distance.093

The NPI in (3a) is linearly more distant from no094

than in (3b), measured by the number of lexical095

items between the NPI and no. It is also hierarchi-096

cally more distant, as the NPI is one clause bound-097

aries away from no (clause boundaries are shown098

with square brackets). In contrast, in (3b), the NPI099

is in the same clause as no.100

2.2 Related NLP work101

We build on previous work that has applied psy-102

cholinguistic tests to probe the syntactic capacity103

of pre-trained LMs. The earliest studies tested104

pre-trained, self-supervised LSTMs for their ca-105

pability to detect syntactic dependencies (Linzen106

et al., 2016; Gulordava et al., 2018; Marvin and107

Linzen, 2018; Wilcox et al., 2018; Jumelet and108

Hupkes, 2018; Chowdhury and Zamparelli, 2018;109

Futrell et al., 2018, 2019), including NPI licensing110

(Marvin and Linzen, 2018; Jumelet and Hupkes,111

2018; Futrell et al., 2018). Overall, these studies112

found that while LSTMs can detect syntactic de-113

pendencies remarkably well for most phenomena,114

they perform only at chance level when having to115

discriminate between the real and intrusive licensor116

for NPIs (Marvin and Linzen, 2018). Language117

model performance improved if it received struc-118

tural supervision (Wilcox et al., 2019). These re-119

sults together indicate that LSTMs learn a linearly120

based licensing rule for NPIs rather than a struc-121

tural one, and so are consistent with human illusive122

effects in NPI-licensing.123

Similarly, experiments on BERT found high per-124

formance for recognizing most syntactic depen-125

dencies (Goldberg, 2019), but have mixed results126

for NPI licensing (Warstadt et al., 2019; Warstadt127

and Bowman, 2020). In particular, Warstadt et al. 128

(2019) found that BERT’s performance greatly de- 129

pended on licensing environment and evaluation 130

method. Warstadt and Bowman (2020) further- 131

more found that when fine-tuned on a classifier to 132

discriminate between sentences with licensed and 133

unlicensed NPIs, BERT learned spurious rules that 134

did not have to do with either hierarchical or lin- 135

ear generalization. Neither of these studies tested 136

BERT explicitly for illusive effect, and did not use 137

stimuli similar to Xiang et al. (2009) or Parker and 138

Phillips (2016). 139

Most closely relevant to our work, Shin and Song 140

(2021), Shin et al. (2023) and Vu and Lee (2022) 141

tested the materials in Xiang et al. (2009) on pre- 142

trained BERT. They found that BERT displayed no 143

illusive effect when surprisal score for the licensor 144

was measured, but it did have a tendency for the 145

illusive effect when looking at its surprisal scores 146

for the NPIs, as surprisal for ‘ever’ in illusive sen- 147

tences was lower than in ungrammatical sentences 148

and higher than in grammatical sentences. In com- 149

parison, Xiang et al. (2009) found that human sub- 150

jects displayed a stronger illusive effect, as they 151

had the same average ERP measures for ‘ever’ in 152

the illusive and grammatical contexts. 153

The current study further contributes to these 154

findings by also examining whether distance affects 155

the syntactic capabilities of BERT, the same way 156

it does for human processors, and further aims to 157

tease apart whether hierarchical or linear distance 158

matters more. 159

3 General methodology 160

3.1 Model 161

In all experiments, we test the capacities of a 162

pre-trained BERTbase model (uncased). BERT 163

is a small (110 million parameter), bi-directional 164

transformer model that has been pre-trained on 165

masked token prediction and next sentence pre- 166

diction tasks, on a corpus of English language 167

Wikipedia and English language books (De- 168

vlin et al., 2019). We choose BERT specif- 169

ically because it is a well-studied and open- 170

source model. We download the PyTorch imple- 171

mentation of BERT from https://github.com/ 172

huggingface/transformers and use code from 173

Shin and Song (2021) to run our experiments. All 174

experiments together took at most 1 GPU hour. 175
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3.2 Materials and methods176

For Experiment 1, we used the stimuli in Parker and177

Phillips (2016). For other experiments, we hand-178

crafted the sentences by modifying the original179

stimuli in Experiment 1. We further describe these180

modifications in the relevant sections. We provide181

all our stimuli in the appendix.182

In all stimuli, the NPI is replaced with a [MASK]183

token, as in (4). We also append the [CLS] and184

[SEP] tokens at the beginning and the end of the185

sentence, respectively, to mimic the pre-training186

conditions of BERT.187

(4) [CLS] No journalists said that the author188

thought that the readers would [MASK]189

understand the complicated situation [SEP].190

191

In all experiments, we measure the surprisal192

score for ever following the methodology in Shin193

and Song (2021) and Shin et al. (2023). Namely,194

we calculate the negative log probability of ‘ever’ in195

place of the [MASK] token given its context in the196

softmax layer. High surprisal scores in language197

models have been argued to correlate with process-198

ing effort in humans (Levy, 2008; Michaelov and199

Bergen, 2022). Beyond the mean surprisal scores,200

we report on accuracy following the cloze test in201

Warstadt et al. (2019). This is the percentage of202

times when BERT outputs lower surprisal scores203

to ‘ever’ in pairwise comparisons of minimal pairs204

belonging to different conditions.205

Shin et al. (2023), following Warstadt et al.206

(2019), measure surprisal scores for both the NPI207

and the licensor positions. Since Xiang et al. (2009)208

measured human EEG reaction at ever only, we ex-209

pect surprisal scores at the NPI position to be com-210

parable to human results. This is also born out in211

previous results: BERT shows the same tendency212

for an ‘illusive effect’ for surprisal scores at the213

NPI position, but not at the licensor positions (Vu214

and Lee, 2022; Shin et al., 2023). Consequently, we215

only measure surprisal scores at the NPI position216

in this paper.217

In all three experiments, we study the effects218

of various types of distances on the NPI illusive219

effect. To this extent, we compare the surprisal220

scores for ‘ever’ in grammatical (gr), illusive (ill),221

and ungrammatical (ungr) sentences. Across the222

board, we expect the surprisal scores for ‘ever’ to223

be lowest in grammatical sentences. In comparing224

grammatical vs. ungrammatical sentences, as well225

as grammatical vs. illusive sentences, we expect 226

near 100% accuracy – that BERT would almost al- 227

ways assign a lower surprisal score to grammatical 228

sentences compared to either of the other condi- 229

tions. If BERT is not affected by the illusive effect, 230

we expect the surprisal scores in the illusive and the 231

ungrammatical conditions to not differ significantly. 232

In that case, the comparison of illusive and ungram- 233

matical sentences would yield about 50% accuracy, 234

that is BERT assigns lower surprisal scores to ‘ever’ 235

in illusive sentences compared to ungrammatical 236

sentences at chance level. On the other hand, if 237

BERT is affected by the illusive effect, we expect 238

lower surprisal scores for the illusive sentences 239

compared to the ungrammatical sentences at more 240

than chance level. In this case accuracy should be 241

greater than 50%. 242

4 Experiment 1 243

4.1 Stimuli 244

To set a baseline for the effect of distance on NPI 245

illusive effects, we used the stimuli from the psy- 246

cholinguistics study by Parker and Phillips (2016). 247

One example from the data set is in Table 1. To 248

test the distance effect, the data set consisted of 6 249

conditions with two factors crossed: the licensing 250

of the NPI (Grammatical vs Illusive vs Ungram- 251

matical) and the distance type (Short vs. Long). In 252

each condition, there were 36 different sentences. 253

In the short distance condition, the average number 254

of words between negation and the NPI was 8.17 255

for grammatical sentences and 5.12 for illusive sen- 256

tences. In the long distance condition, it was 13.22 257

words for grammatical sentences, and 10.22 for 258

illusive sentences. 259

If BERT is to behave similarly to human subjects, 260

we expect it to output the same surprisal scores for 261

illusive and ungrammatical sentences in the long 262

distance condition, but not in the short distance 263

condition. 264

4.2 Results 265

Figures 1 and 2 show the average surprisal 266

scores for each condition. Overall, the ungram- 267

matical conditions yielded significantly higher 268

scores (M=12.25) than the grammatical conditions 269

(M=4.62) regardless of the distance between the 270

NPI and the licensor (Linear mixed effect regres- 271

sion model (lmer): p < .0001). There was no 272

significant difference between the illusive condi- 273

tion (M=11.25) and the ungrammatical conditions 274
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Distance NPI licensing Example
Short grammatical No journalists [that the editors recommended for the assignment [MASK]]

thought [that the readers would understand the complicated situation].
Short illusive The journalists that [no editors recommended for the assignment [MASK]]

thought [that the readers would understand the complicated situation].
Short ungrammatical The journalists [that the editors recommended for the assignment

[MASK]] thought [that the readers would understand the complicated
situation].

Long grammatical No journalists [that the editors recommended for the assignment] thought
[that the readers would [MASK] understand the complicated situation].

Long illusive The journalists [that no editors recommended for the assignment] thought
[that the readers would [MASK] understand the complicated situation].

Long ungrammatical The journalists [that the editors recommended for the assignment] thought
[that the readers would [MASK] understand the complicated situation].

Table 1: Example sentences for each condition. We indicate the negative licensor in red, and clause boundaries with
square brackets.

(M=11.465) when the NPI and the licensor were275

long distance from each other (Tukey post hoc test:276

p = 0.9272). In the short distance condition, the sur-277

prisal score for NPIs in illusive sentences (M=9.98)278

was lower compared to an ungrammatical sentence279

(13.03))(Tukey post hoc test:p < .0001).280

Figure 1: The average suprisal scores in the short dis-
tance conditions in Experiment 1

Accuracy percentages are summarized in Table281

4. As expected, BERT assigned a lower surprisal282

score to ever in grammatical sentences compared283

to the others in both distance conditions at nearly284

100% of the time. BERT showed consistently a285

lower surprisal score for illusive sentences com-286

pared to ungrammatical sentences, especially in287

the short distance condition. This implies that even288

though the differences in surprisal scores of illusive289

conditions and ungrammatical conditions might be290

subtle, BERT generally preferred the existence of291

a potential licensor. Interestingly, this preference292

became weaker in long-distance conditions. It con-293

Figure 2: The average suprisal scores in the long-
distance conditions in Experiment 1

firms that BERT is susceptible to the illusive effect 294

and a longer distance between negation and NPI 295

weakens this effect for BERT. 296

Short Long
grammatical < ungrammatical 100% 100%
grammatical < illusive 97.2% 100%
illusive < ungrammatical 97.2% 72.2%

Table 2: Pairwise comparison of surprisal scores in
Experiment 1

These results are similar, but not identical to the 297

results reported in the psycholinguistics study by 298

Parker and Phillips (2016), who found that in the 299

short distance conditions, the illusive sentences pat- 300

tern with the grammatical sentences, whereas in the 301

long distance conditions, they patterned together 302

with the ungrammatical sentences. As in previ- 303

ous studies (Shin et al., 2023; Vu and Lee, 2022), 304
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BERT did not display a full illusive effect in the305

short distance condition: its surprisal scores for the306

illusive sentences were lower than for ungrammati-307

cal sentences, but were not the same as the scores308

for grammatical sentences. In the long distance309

condition, however, the illusive effect completely310

disappeared, as BERT output the same surprisal311

scores for illusive and ungrammatical sentences.312

Thus BERT’s outputs matched human results in the313

long distance condition.314

Since the NPI is not only linearly father lo-315

cated but also hierarchically deeper in the long dis-316

tance than the short distance condition, it is unclear317

whether the trigger of the illusive effect hinges on318

hierarchical distance or linear distance information.319

In the next experiments, we tease apart BERT’s320

sensitivity to linear information compared to hier-321

archical information.322

5 Experiment 2323

5.1 Stimuli324

In Experiment 2, we created a new data set by mod-325

ifying the data set in Experiment 1, where the dis-326

tance between the negation and NPI was increased327

either due to added hierarchical depth and linear328

distance (hierarchical condition) or due to added329

linear distance alone (linear condition) (Table 3).330

We accomplished this by adding adjunctive modi-331

fiers in the linear distance condition. For example,332

we inserted two-word modifiers such as “American333

Broadcast” and “advanced younger” before nouns334

in the relative clause subject position and the em-335

bedded complement clause subject position, bolded336

in Table 3. For the hierarchical distance condition,337

instead of adding modifiers, we added another layer338

of embedded clause as shown bolded in Table 3.339

Since in both distance conditions we always added340

four words, the linear distance between negation341

and NPI was the same across hierarchical and lin-342

ear distance conditions: an average of 17.28 words343

in the grammatical condition, and 14.28 words in344

the illusive condition.345

Parker and Phillips (2016) theorized that the illu-346

sive effect switches off in long-distance conditions347

due to increased time: as humans have more time348

to process the sentence, the less likely they are to349

be subject to illusion. If this is true for BERT also,350

then there should be no difference in its surprisal351

scores between the linear and hierarchical condi-352

tions.353

5.2 Results 354

The results suggest that BERT is more affected by 355

hierarchical distance than linear distance (Figure 356

3 and Figure 4). In particular, the surprisal score 357

for the grammatical sentences surged in the hierar- 358

chical distance condition (M=8.97) (Figure 3) com- 359

pared to the linear distance condition (M=4.76), p 360

<.0001. (Figure 4). 361

On the other hand, there was no significant dif- 362

ference in the average surprisal scores between the 363

illusive and ungrammatical sentences in either dis- 364

tance conditions. In the linear distance condition, 365

surprisal scores for illusive sentences (M=10.15) 366

were not significantly different from those for un- 367

grammatical sentences (M=10.61) (lmer Tukey 368

post hoc test: p = 0.49). The same was true in 369

the hierarchical distance condition (M=10.878 for 370

illusive sentences, M=10.91 for ungrammatical sen- 371

tences, p = 0.99). This would suggest a lack of 372

illusive effect in both conditions. 373

Figure 3: The average suprisal scores in the linear dis-
tance conditions in Experiment 2

Figure 4: The average suprisal scores in the hierarchical
distance conditions in Experiment 2

However, pairwise comparision of surprisal 374

scores in illusive sentences to those in ungram- 375

matical sentences gives a more nuanced picture. 376
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Distance type NPI licensing Example
Linear grammatical No journalists [that the American broadcast editors recommended for the

assignment] thought [that the advanced younger readers would [MASK]
understand the complicated situation].

Linear illusive The journalists [that no American broadcast editors recommended for the
assignment] thought [that the advanced younger readers would [MASK]
understand the complicated situation].

Linear ungrammatical The journalists [that the American broadcast editors recommended
for the assignment] thought [that the advanced younger readers would
[MASK] understand the complicated situation].

Hierarchical grammatical No journalists [that the editors recommended for the assignment] said
[that the author thought [that the readers would [MASK] understand the
complicated situation]]. (17.28)

Hierarchical illusive The journalists [that no editors recommended for the assignment] said
[that the author thought [that the readers would [MASK] understand the
complicated situation]].

Hierarchical ungrammatical The journalists [that the editors recommended for the assignment] said
[that the author thought [that the readers would [MASK] understand the
complicated situation]].

Table 3: Example sentences for each condition in Experiment 2. We indicate the words we have added in bold, the
licensor in red, and clause boundaries with square brackets.

In the linear distance condition, the illusive sen-377

tences were preferred 72% of the time compared378

to the ungrammatical sentences, while this pref-379

erence completely disappeared in the hierarchical380

condition at 44.4%. This implies that the illusive381

effect in BERT is completely eroded by increasing382

hierarchical distance to two embedded clauses, but383

not by increasing only linear distance.384

Linear Hierarchical
gr < ungr 100% 100%
gr < ill 100% 97.2%
ill < ungr 72.2% 44.4%

Table 4: Pairwise comparison of surprisal scores in
Experiment 2

6 Experiment 3385

In Experiment 2, we found that hierarchical dis-386

tance affected BERT’s capacity to distinguish be-387

tween grammatical and ungrammatical sentences,388

more so than linear distance when looking at ac-389

curacy, but not when comparing average surprisal390

scores. We suspect that the size of the illusive effect391

in the linear distance condition was almost unde-392

tectable due to the hierarchical distance between393

negation and NPI being too long in both condi-394

tions. To address this problem, we tested BERT’s395

performance with reduced hierarchical and linear 396

distances. 397

6.1 Stimuli 398

We modified the stimuli in Experiment 2 to shorten 399

the sentences across the board, both linearly and 400

hierarchically. Specifically, we deleted one layer of 401

complement clause from all conditions, and added 402

two modifiers into the relative clause in the linear 403

conditions so that the distnace between negation 404

and NPI would stay constant between linear and 405

hierarchical conditions. Compared to Experiment 406

2, 4 words on average were reduced in Experiment 407

3 (Table 5), resulting in 13.17 words between nega- 408

tion and the NPI in grammatical conditions, and 409

10.17 words in illusive conditions. 410

Based on the results in Experiment 2, we expect 411

to see a stronger illusive effect in the linear dis- 412

tance condition than in the hierarchical distance 413

condition. 414

6.2 Results 415

As expected, BERT shows a stronger illusive effect 416

in the linear than the hierarchical condition. In the 417

linear condition, the mean surprisal score (M=8.67) 418

for the illusive sentences is significantly lower com- 419

pared to the mean surprisal score (M=10.97) in 420

the ungrammatical condition (lmer Tukey post hoc 421

test: p <.0001) (Figure 5). In comparison, there is 422
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Distance NPI licensing Example
Linear grammatical No journalist that the American broadcast editor sincerely recommended

for the interview assignment would [MASK] understand the complicated
situation.

Linear illusive The journalist that no American broadcast editor sincerely recommended
for the interview assignment would [MASK] understand the complicated
situation.

Linear ungrammatical The journalist that the American broadcast editor sincerely recom-
mended for the interview assignment would [MASK] understand the
complicated situation.

Hierarchical grammatical No journalist that the editor recommended for the assignment thought
that the readers would [MASK] understand the complicated situation.

Hierarchical illusive The journalist that no editor recommended for the assignment thought
that the readers would [MASK] understand the complicated situation.

Hierarchical ungrammatical The journalist that the editor recommended for the assignment thought
that the readers would [MASK] understand the complicated situation.

Table 5: Example sentences for each condition in Experiment 3. We indicate the words that differ between the linear
and hierarchical conditions in bold, the licensor in red, and clause boundaries with square brackets.

no significant difference between the illusive sen-423

tences (M=10.79) and the ungrammatical sentences424

(M=11.235) (lmer Tukey post hoc test: p = 0.32)425

in the hierarchical condition (Figure 6). This im-426

plies that the added hierarchical layer reduces the427

illusive effect.428

Figure 5: The average suprisal scores in the linear dis-
tance conditions in Experiment 3

When looking at accuracy scores, BERT assigns429

lower surprisal scores to the illusive sentences in430

91.6% of the cases compared to the ungrammatical431

sentences in the linear distance condition, but this432

preference is weakened in the hierarchical distance433

condition to 72.2%. These results confirm that434

switching off the illusive effects are closely related435

to the hierarchical rather than linear distance of436

NPI dependents.437

Figure 6: The average suprisal scores in the hierarchical
distance conditions in Experiment 3

Linear Hierarchical
gr < ungr 100% 100%
gr < ill 100% 100%
ill < ungr 91.6% 72.2%

Table 6: Pairwise comparison of surprisal scores in
Experiment 3

7 Discussion 438

Our study shows three main results. First, we have 439

replicated the results in Parker and Phillips (2016) 440

that have shown that NPI illusive effects are modu- 441

lated by the distance between the licensor and the 442

NPI. 443

Second, we have teased apart linear and hierar- 444

chical distance and found that BERT’s surprisal 445

score to licensed NPIs worsens with increased 446
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Distance between licensor and NPI Mean surprisal scores
# of clauses # of words Gr/Ill Grammatical Illusive Ungrammatical ill < ungr.

0 13.17/10.17 1.29 8.68 10.97 91.6%
1 13.17/10.17 5.17 10.79 11.24 72.2%
1 17.28/14.28 4.77 10.15 10.61 72.2%
2 17.28/14.28 8.97 10.88 10.91 44.4%

Table 7: Summary results of Experiments 2 and 3.

hierarchical distance, but not with increased lin-447

ear distance. Table 7 shows that surprisal scores448

in grammatical and illusive sentences were the449

lowest when there were no additional embedded450

clauses between negation and NPI. With one em-451

bedded clause in-between negation and NPI, sur-452

prisal scores were the same, regardless of the num-453

ber of words between the two. In comparison, un-454

grammatical sentences yielded the same surprisal455

score in all conditions.456

Finally, the NPI illusive effect was sharper with457

fewer embedded complement clauses but not with458

fewer words, further confirming BERT’s sensitivity459

to the hierarchical distance over linear distance.460

Our results thus add to our knowledge about pre-461

trained BERT’s sensitivity to hierarchical versus462

linear information.463

We have reported both mean surprisal scores for464

each condition and pairwise comparison between465

the conditions. We found that each type of measure-466

ment gave a slightly different picture of BERT’s467

syntactic capabilities. In particular, in Experiment468

2, mean surprisal scores showed no illusive effect in469

either the linear or hierarchical distance condition.470

At the same time, pairwise comparison between471

the illusive and ungrammatical sentences revealed472

that in fact, BERT assigned lower surprisal scores473

to illusive sentences compared to ungrammatical474

sentences. This result suggests that there was some475

tendency for illusive effect even in sentences with476

one complement clause, but it was undetectable477

when comparing mean surprisal scores. This high-478

lights the necessity for using multiple diagnostics479

when studying language model capability, as noted480

by Warstadt et al. (2019).481

Our results overall are mixed about BERT’s capa-482

bilities for learning syntactic structure. On the one483

hand, the fact that BERT was susceptible to illusive484

effects suggests that at least for NPI licensing, the485

model has relied to some extent on a linear gener-486

alization rather than on the correct structural gener-487

alization. At the same time, previous experiments488

on BERT have already suggested that NPI licens- 489

ing is exceptional, as BERT was able to make the 490

correct structural generalization for subject-verb 491

agreement (Goldberg, 2019). This is, in particu- 492

lar, surprising since illusive effects also apply to 493

subject-verb agreement in humans (Wagers et al., 494

2009). Further research on illusive effects in BERT 495

is needed to understand the asymmetry between 496

NPI-licensing and other long-distance dependen- 497

cies. 498

At the same time, BERT was more affected by 499

added hierarchical structure than by added linear 500

information. Added hierarchical distance increased 501

the surprisal score for NPIs even when they were li- 502

censed and minimized illusive effects as well. This 503

result suggests that BERT is at least sensitive to 504

hierarchical distance in the form of embedded com- 505

plement clauses when evaluating long-distance de- 506

pendencies. It could be interesting to see if other 507

types of added hierarchical information, such as 508

nested relative clauses would have the same effect. 509

8 Conclusion 510

In this paper, we have conducted experiments in- 511

spired by psycholinguistic studies to examine the 512

sensitivity of the pre-trained BERT model to hi- 513

erarchical information. In particular, we studied 514

the effect of distance on NPI licensing illusions in 515

pre-trained BERT and designed our own stimuli to 516

tease apart whether it is the hierarchical or linear 517

distance that mattered. We found that BERT in 518

fact displays some illusive effects, meaning that it 519

did not perfectly learn the correct structural gen- 520

eralization for NPI-licensing, but at the same time 521

remained sensitive to hierarchical distance and not 522

linear distance. 523

9 Limitations 524

Because we adopted materials from a psycholin- 525

guistic experiment, we tested a very small num- 526

ber of sentences on BERT: only 36 sentences for 527

each condition in all three experiments. Given that 528

8



similar studies on BERT usually use thousands of529

sentences in their stimuli, our results are limited in530

comparison. We also only tested English stimuli,531

and our results might not hold for other languages.532
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A Experiment 1637

A.1 Parker - long638
1. No/The journalists that no/the editors recommended for the assignment639

thought that the readers would [MASK] understand the complicated640
situation.641

2. No/The investors that no/the businessmen informed about the recession642
predicted that the stock would [MASK] drop below the initial offering643
price.644

3. No/The ambassadors that no/the diplomats consulted about the treaty645
thought that the journalists would [MASK] reveal the truth about elec-646
tion.647

4. No/The professors that no/the students trusted at the college thought648
that the administrators would [MASK] increase the yearly tuition.649

5. No/The customers that no/the salesmen assisted in the showroom650
thought that the manager would [MASK] consider their lowest offer.651

6. No/The protestors that no/the journalists interviewed at the rally implied652
that the legislators could [MASK] pass the necessary laws.653

7. No/The senators that no/the corporations supported with campaign654
donations thought that the lobbyists would [MASK] accept the sly655
bribe.656

8. No/The lawyers that no/the policemen respected after the trial antici-657
pated that the judge would [MASK] deliver such a harsh sentence.658

9. No/The students that no/the teachers punished for bad behavior expected659
that the principal would [MASK] hear about the incident.660

10. No/The accountants that no/the inspectors audited in the past year661
thought that the IRS would [MASK] find out about the scandal.662

11. No/The actors that no/the fans recognized at the after-party believed663
that the paparazzi would [MASK] find out about the affair.664

12. No/The teachers that no/the parents recommended for the award ex-665
pected that the faculty would [MASK] receive a huge pay raise.666

13. No/The students that no/the librarians could help in the afternoon ex-667
pected that the teacher would [MASK] extend the approaching deadline.668

14. No/The children that no/the bullies picked on at recess thought that the669
teacher would [MASK] give such a harsh punishment.670

15. No/The criminals that no/the policemen could catch in the raid expected671
that the judge would [MASK] accept a plea bargain.672

16. No/The employees that no/the managers recommended for the promo-673
tion anticipated that the boss would [MASK] ask such difficult ques-674
tions.675

17. No/The investors that no/the managers trusted with the money thought676
that the stock prices would [MASK] increase drastically overnight.677

18. No/The candidates that no/the voters supported during the election678
believed that the mayor would [MASK] be re-elected for a second term.679

19. No/The doctors that no/the nurses assisted during the operation assumed680
that the insurance company would [MASK] cover the hospital bill.681

20. No/The criminals that no/the witnesses could identify in the courtroom682
suspected that the jury would [MASK] find out about the evidence.683

21. No/The actresses that no/the critics liked in the movie expected that the684
director would [MASK] win a prestigious award.685

22. No/The legislators that no/the congressmen consulted about the pro-686
posal suggested that the government should [MASK] increase military687
spending for the war.688

23. No/The politicians that no/the journalists endorsed in the newspaper689
thought that the election would [MASK] cause such a huge scandal.690

24. No/The teenagers that no/the parents trusted with a car believed that an691
accident could [MASK] happen in sunny weather.692

25. No/The survivors that no/the medics could treat with a first-aid kit693
expected that a full recovery would [MASK] be possible in one month.694

26. No/The athletes that no/the coaches recruited for the team anticipated 695
that the scandal would [MASK] receive so much media coverage. 696

27. No/The congressmen that no/the citizens supported during the crisis 697
assumed that the treasury would [MASK] lower the national debt. 698

28. No/The professors that no/the students visited during office hours antic- 699
ipated that the exam would [MASK] be so difficult for the class. 700

29. No/The actors that no/the judges nominated for an award expected that 701
the movie would [MASK] be such a blockbuster hit. 702

30. No/The actresses that no/the directors auditioned for the role thought 703
that the movie would [MASK] cause so much controversy. 704

31. No/The champions that no/the competitors defeated in the race expected 705
that that the coach would [MASK] receive a life-time achievement 706
award. 707

32. No/The artists that no/the collectors regarded very highly suggested 708
that the gallery should [MASK] buy cheap frames for the expensive 709
paintings. 710

33. No/The scientists that no/the reporters cited in the story believed that 711
the public would [MASK] care about the new discovery. 712

34. No/The teenagers that no/the teachers motivated before the test claimed 713
that the parents should [MASK] offer more help on assignments. 714

35. No/The students that no/the professors could tutor on the weekend 715
thought that the assignments should [MASK] be more than seven pages. 716

36. No/The protestors that no/the reporters interviewed on live television 717
expected that the mayor would [MASK] give in to the numerous de- 718
mands. 719

A.2 Parker - short 720
1. No/The journalists that no/the editors recommended for the assignment 721

[MASK] thought that the readers would understand the complicated 722
situation. 723

2. No/The investors that no/the businessmen informed about the recession 724
[MASK] predicted that the stock would drop below the initial offering 725
price. 726

3. No/The ambassadors that no/the diplomats consulted about the treaty 727
[MASK] thought that the journalists would reveal the truth about elec- 728
tion. 729

4. No/The professors that no/the students trusted at the college [MASK] 730
thought that the administrators would increase the yearly tuition. 731

5. No/The customers that no/the salesmen assisted in the showroom 732
[MASK] thought that the manager would consider their lowest offer. 733

6. No/The protestors that no/the journalists interviewed at the rally 734
[MASK] implied that the legislators could pass the necessary laws. 735

7. No/The senators that no/the corporations supported with campaign 736
donations [MASK] thought that the lobbyists would accept the sly 737
bribe. 738

8. No/The lawyers that no/the policemen respected after the trial [MASK] 739
anticipated that the judge would deliver such a harsh sentence. 740

9. No/The students that no/the teachers punished for bad behavior [MASK] 741
expected that the principal would hear about the incident. 742

10. No/The accountants that no/the inspectors audited in the past year 743
[MASK] thought that the IRS would find out about the scandal. 744

11. No/The actors that no/the fans recognized at the after-party [MASK] 745
believed that the paparazzi would find out about the affair. 746

12. No/The teachers that no/the parents recommended for the award 747
[MASK] expected that the faculty would receive a huge pay raise. 748

13. No/The students that no/the librarians could help in the afternoon 749
[MASK] expected that the teacher would extend the approaching dead- 750
line. 751

14. No/The children that no/the bullies picked on at recess [MASK] thought 752
that the teacher would give such a harsh punishment. 753
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15. No/The criminals that no/the policemen could catch in the raid [MASK]754
expected that the judge would accept a plea bargain.755

16. No/The employees that no/the managers recommended for the promo-756
tion [MASK] anticipated that the boss would ask such difficult ques-757
tions.758

17. No/The investors that no/the managers trusted with the money [MASK]759
thought that the stock prices would increase drastically overnight.760

18. No/The candidates that no/the voters supported during the election761
[MASK] believed that the mayor would be re-elected for a second term.762

19. No/The doctors that no/the nurses assisted during the operation [MASK]763
assumed that the insurance company would cover the hospital bill.764

20. No/The criminals that no/the witnesses could identify in the courtroom765
[MASK] suspected that the jury would find out about the evidence.766

21. No/The actresses that no/the critics liked in the movie [MASK] expected767
that the director would win a prestigious award.768

22. No/The legislators that no/the congressmen consulted about the pro-769
posal [MASK] suggested that the government should increase military770
spending for the war.771

23. No/The politicians that no/the journalists endorsed in the newspaper772
[MASK] thought that the election would cause such a huge scandal.773

24. No/The teenagers that no/the parents trusted with a car [MASK] believed774
that an accident could happen in sunny weather.775

25. No/The survivors that no/the medics could treat with a first-aid kit776
[MASK] expected that a full recovery would be possible in one month.777

26. No/The athletes that no/the coaches recruited for the team [MASK]778
anticipated that the scandal would receive so much media coverage.779

27. No/The congressmen that no/the citizens supported during the crisis780
[MASK] assumed that the treasury would lower the national debt.781

28. No/The professors that no/the students visited during office hours782
[MASK] anticipated that the exam would be so difficult for the class.783

29. No/The actors that no/the judges nominated for an award [MASK]784
expected that the movie would be such a blockbuster hit.785

30. No/The actresses that no/the directors auditioned for the role [MASK]786
thought that the movie would cause so much controversy.787

31. No/The champions that no/the competitors defeated in the race [MASK]788
expected that that the coach would receive a life-time achievement789
award.790

32. No/The artists that no/the collectors regarded very highly [MASK]791
suggested that the gallery should buy cheap frames for the expensive792
paintings.793

33. No/The scientists that no/the reporters cited in the story [MASK] be-794
lieved that the public would care about the new discovery.795

34. No/The teenagers that no/the teachers motivated before the test [MASK]796
claimed that the parents should offer more help on assignments.797

35. No/The students that no/the professors could tutor on the weekend798
[MASK] thought that the assignments should be more than seven pages.799

36. No/The protestors that no/the reporters interviewed on live television800
[MASK] expected that the mayor would give in to the numerous de-801
mands.802

B Experiment 2803

B.1 Hierarchical distance804
1. No/The journalist that no/the editor recommended for the assignment805

said that the author thought that the readers would [MASK] understand806
the complicated situation.807

2. No/The investor that no/the businessman informed about the recession808
said that the expert predicted that the stock would [MASK] drop below809
the initial offering price.810

3. No/The ambassador that no/the diplomat consulted about the treaty said 811
that the government thought that the journalists would [MASK] reveal 812
the truth about election. 813

4. No/The professor that no/the student trusted at the college said that the 814
dean thought that the administrators would [MASK] increase the yearly 815
tuition. 816

5. No/The customer that no/the salesman assisted in the showroom said 817
that the headhunter thought that the manager would [MASK] consider 818
their lowest offer. 819

6. No/The protestor that no/the journalist interviewed at the rally said that 820
the senator implied that the legislators could [MASK] pass the necessary 821
laws. 822

7. No/The senator that no/the corporation supported with campaign dona- 823
tions suggested that the businessman thought that the lobbyists would 824
[MASK] accept the sly bribe. 825

8. No/The lawyer that no/the policeman respected after the trial thought 826
that the attorney anticipated that the judge would [MASK] deliver such 827
a harsh sentence. 828

9. No/The student that no/the teacher punished for bad behavior thought 829
that the parents expected that the principal would [MASK] hear about 830
the incident. 831

10. No/The accountant that no/the inspector audited in the past year ex- 832
pected that the boss thought that the agent would [MASK] find out 833
about the scandal. 834

11. No/The actor that no/the fan recognized at the after-party thought that 835
the manager believed that the paparazzi would [MASK] find out about 836
the affair. 837

12. No/The teacher that no/the parent recommended for the award thought 838
that the student expected that the faculty would [MASK] receive a huge 839
pay raise. 840

13. No/The student that no/the librarian could help in the afternoon claimed 841
that the classmate expected that the teacher would [MASK] extend the 842
approaching deadline. 843

14. No/The child that no/the bully picked on at recess claimed that the 844
teacher thought that the teacher would [MASK] give such a harsh 845
punishment. 846

15. No/The criminal that no/the policeman could catch in the raid claimed 847
that the lawyer expected that the judge would [MASK] accept a plea 848
bargain. 849

16. No/The employee that no/the manager recommended for the promotion 850
claimed that the mentors anticipated that the boss would [MASK] ask 851
such difficult questions. 852

17. No/The investor that no/the manager trusted with the money claimed 853
that the CEO thought that the stock prices would [MASK] increase 854
drastically overnight. 855

18. No/The candidate that no/the voter supported during the election 856
claimed that the media believed that the mayor would [MASK] be 857
re-elected for a second term. 858

19. No/The doctor that no/the nurse assisted during the operation sug- 859
gested that the government assumed that the insurance company would 860
[MASK] cover the hospital bill. 861

20. No/The criminal that no/the witness could identify in the courtroom 862
suggested that the police suspected that the jury would [MASK] find 863
out about the evidence. 864

21. No/The actress that no/the critic liked in the movie suggested that the 865
producer expected that the director would [MASK] win a prestigious 866
award. 867

22. No/The legislator that no/the congressman consulted about the pro- 868
posal thought that the president suggested that the government should 869
[MASK] increase military spending for the war. 870

23. No/The politician that no/the journalist endorsed in the newspaper sug- 871
gested that the voters thought that the election would [MASK] cause 872
such a huge scandal. 873
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24. No/The teenager that no/the parent trusted with a car suggested that the874
paramedics believed that an accident could [MASK] happen in sunny875
weather.876

25. No/The survivor that no/the medic could treat with a first-aid kit thought877
that the doctor expected that a full recovery would [MASK] be possible878
in one month879

26. No/The athlete that no/the coach recruited for the team expected that the880
sponsors anticipated that the scandal would [MASK] receive so much881
media coverage.882

27. No/The congressman that no/the citizen supported during the crisis883
expected that the senate assumed that the treasury would [MASK] lower884
the national debt.885

28. No/The professor that no/the student visited during office hours expected886
that the dean anticipated that the exam would [MASK] be so difficult887
for the class.888

29. No/The actor that no/the judge nominated for an award believed that the889
fans expected that the movie would [MASK] be such a blockbuster hit.890

30. No/The actress that no/the director auditioned for the role expected891
that the critics thought that the movie would [MASK] cause so much892
controversy.893

31. No/The champion that no/the competitor defeated in the race believed894
that the comittee expected that that the coach would [MASK] receive a895
life-time achievement award.896

32. No/The artist that no/the collector regarded very highly believed that897
the curator suggested that the gallery should [MASK] buy cheap frames898
for the expensive paintings.899

33. No/The scientist that no/the reporter cited in the story expected that the900
researchers believed that the public would [MASK] care about the new901
discovery.902

34. No/The teenager that no/the teacher motivated before the test believed903
that the principal claimed that the parents should [MASK] offer more904
help on assignments.905

35. No/The student that no/the professor could tutor on the weekend be-906
lieved that the teacher thought that the assignments should [MASK] be907
more than seven pages.908

36. No/The protestor that no/the reporter interviewed on live television909
believed that the council expected that the mayor would [MASK] give910
in to the numerous demands.911

B.2 Linear distance912
1. No/The journalist that no/the American broadcast editor recommended913

for the assignment thought that the advanced younger readers would914
[MASK] understand the complicated situation.915

2. No/The investor that no/the famous British businessman informed about916
the recession predicted that the free market stock would [MASK] drop917
below the initial offering price.918

3. No/The ambassador that no/the black American diplomat consulted919
about the treaty thought that the Russian CNBC journalists would920
[MASK] reveal the truth about election.921

4. No/The professor that no/the female linguistics student trusted at the col-922
lege thought that the leading university administrators would [MASK]923
increase the yearly tuition.924

5. No/The customer that no/the arrogant Chinese salesman assisted in925
the showroom thought that the white snobish manager would [MASK]926
consider their lowest offer.927

6. No/The protestor that no/the young female journalist interviewed at the928
rally implied that the Texas state legislators could [MASK] pass the929
necessary laws.930

7. No/The senator that no/the corrupt non-profit corporation supported931
with campaign donations thought that the newly registered lobbyists932
would [MASK] accept the sly bribe.933

8. No/The lawyer that no/the tired head policeman respected after the trial934
anticipated that the federal court judge would [MASK] deliver such a935
harsh sentence.936

9. No/The student that no/the English language teacher punished for bad 937
behavior expected that the private school principal would [MASK] hear 938
about the incident. 939

10. No/The accountant that no/the certified public inspector audited in the 940
past year thought that the non-profit organization agent would [MASK] 941
find out about the scandal. 942

11. No/The actor that no/the british film fan recognized at the after-party 943
believed that the ingreasingly aggressive paparazzi would [MASK] find 944
out about the affair. 945

12. No/The teacher that no/the enthusiastic novice parent recommended 946
for the award expected that the research active faculty would [MASK] 947
receive a huge pay raise. 948

13. No/The student that no/the new medical librarian could help in the 949
afternoon expected that the very lenient teacher would [MASK] extend 950
the approaching deadline. 951

14. No/The child that no/the extremely wild bully picked on at recess 952
thought that the martial arts teacher would [MASK] give such a harsh 953
punishment. 954

15. No/The criminal that no/the college campus policeman could catch in 955
the raid expected that the well known judge would [MASK] accept a 956
plea bargain. 957

16. No/The employee that no/the hard working manager recommended for 958
the promotion anticipated that the genuinely kind boss would [MASK] 959
ask such difficult questions. 960

17. No/The investor that no/the famous billionaire manager trusted with the 961
money thought that the IT related stock prices would [MASK] increase 962
drastically overnight. 963

18. No/The candidate that no/the actively concerned voter supported during 964
the election believed that the notoriously arrogant mayor would [MASK] 965
be re-elected for a second term. 966

19. No/The doctor that no/the responsible medical nurse assisted during 967
the operation assumed that the large health insurance company would 968
[MASK] cover the hospital bill. 969

20. No/The criminal that no/the careless chatty witness could identify in the 970
courtroom suspected that the randomly assembled jury would [MASK] 971
find out about the evidence. 972

21. No/The actress that no/the universally acclaimed critic liked in the movie 973
expected that the new film director would [MASK] win a prestigious 974
award. 975

22. No/The legislator that no/the fairly elected congressman consulted 976
about the proposal suggested that the current federal government should 977
[MASK] increase military spending for the war. 978

23. No/The politician that no/the popular opposition journalist endorsed in 979
the newspaper thought that the next presidential election would [MASK] 980
cause such a huge scandal. 981

24. No/The teenager that no/the responsible American parent trusted with 982
a car believed that a fatal car accident could [MASK] happen in sunny 983
weather. 984

25. No/The survivor that no/the trained emergency medic could treat with a 985
first-aid kit expected that an unexpectedly speedy full recovery would 986
[MASK] be possible in one month 987

26. No/The athlete that no/the female professional coach recruited for the 988
team anticipated that the small local scandal would [MASK] receive so 989
much media coverage. 990

27. No/The congressman that no/the politically involved citizen supported 991
during the crisis assumed that the current American treasury would 992
[MASK] lower the national debt. 993

28. No/The professor that no/the reasonable college student visited during 994
office hours anticipated that the final written exam would [MASK] be 995
so difficult for the class. 996

29. No/The actor that no/the new theater judge nominated for an award 997
expected that the independent horror movie would [MASK] be such a 998
blockbuster hit. 999
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30. No/The actress that no/the old prominent director auditioned for the1000
role thought that the blockbuster action movie would [MASK] cause so1001
much controversy.1002

31. No/The champion that no/the gold medal competitor defeated in the1003
race expected that that the abusive athletic coach would [MASK] receive1004
a life-time achievement award.1005

32. No/The artist that no/the talented fine collector regarded very highly1006
suggested that the modern art gallery should [MASK] buy cheap frames1007
for the expensive paintings.1008

33. No/The scientist that no/the distinguished climate reporter cited in the1009
story believed that the wider general public would [MASK] care about1010
the new discovery.1011

34. No/The teenager that no/the typical American teacher motivated before1012
the test claimed that the strict immigrant parents should [MASK] offer1013
more help on assignments.1014

35. No/The student that no/the poorly motivated professor could tutor on1015
the weekend thought that the final math assignments should [MASK]1016
be more than seven pages.1017

36. No/The protestor that no/the elderly angry reporter interviewed on live1018
television expected that the current governing mayor would [MASK]1019
give in to the numerous demands.1020

C Experiment 31021

C.1 Hierarchical distance1022
1. No/The journalist that no/the editor recommended for the assignment1023

thought that the readers would [MASK] understand the complicated1024
situation.1025

2. No/The investor that no/the businessman informed about the recession1026
predicted that the manager would [MASK] offer below the initial dollar1027
price.1028

3. No/The ambassador that no/the diplomat consulted about the treaty1029
thought that the journalists would [MASK] reveal the truth about elec-1030
tion.1031

4. No/The professor that no/the student trusted at the college thought that1032
the administrators would [MASK] increase the yearly tuition.1033

5. No/The customer that no/the salesman assisted in the showroom thought1034
that the manager would [MASK] consider their lowest offer.1035

6. No/The protestor that no/the journalist interviewed at the rally implied1036
that the legislators could [MASK] endorse the necessary laws.1037

7. No/The senator that no/the corporation supported with campaign dona-1038
tions thought that the lobbyists would [MASK] accept the sly bribe.1039

8. No/The lawyer that no/the policeman respected after the trial anticipated1040
that the judge would [MASK] want such a harsh sentence.1041

9. No/The student that no/the teacher punished for bad behavior expected1042
that the principal would [MASK] talk about the incident.1043

10. No/The accountant that no/the inspector audited in the past year thought1044
that the agent would [MASK] find out about the scandal.1045

11. No/The actor that no/the fan recognized at the after-party believed that1046
the paparazzi would [MASK] find out about the affair.1047

12. No/The teacher that no/the parent recommended for the award expected1048
that the faculty would [MASK] receive a huge pay raise.1049

13. No/The student that no/the librarian could help in the afternoon expected1050
that the teacher would [MASK] meet the approaching deadline.1051

14. No/The child that no/the bully picked on at recess thought that the1052
teacher would [MASK] ignore such a strict punishment.1053

15. No/The criminal that no/the policeman could catch in the raid expected1054
that the judge would [MASK] accept a plea bargain.1055

16. No/The employee that no/the manager recommended for the promotion1056
anticipated that the boss would [MASK] ask such difficult questions.1057

17. No/The investor that no/the manager trusted with the money thought1058
that the thieves would [MASK] be arrested overnight.1059

18. No/The candidate that no/the voter supported during the election be- 1060
lieved that the mayor would [MASK] be re-elected for a second term. 1061

19. No/The doctor that no/the nurse assisted during the operation assumed 1062
that the insurance would [MASK] review the hospital bill. 1063

20. No/The criminal that no/the witness could identify in the courtroom 1064
suspected that the jury would [MASK] find out about the evidence. 1065

21. No/The actress that no/the critic liked in the movie expected that the 1066
director would [MASK] win a prestigious award. 1067

22. No/The legislator that no/the congressman consulted about the pro- 1068
posal suggested that the government should [MASK] increase military 1069
spending for the war. 1070

23. No/The politician that no/the journalist endorsed in the newspaper 1071
thought that the election would [MASK] cause such a huge scandal. 1072

24. No/The teenager that no/the parent trusted with a car believed that a 1073
toddler could [MASK] behave well at school. 1074

25. No/The survivor that no/the medic could treat with a first-aid kit ex- 1075
pected that a shooter would [MASK] be interviewed so soon. 1076

26. No/The athlete that no/the coach recruited for the team anticipated that 1077
the scandal would [MASK] receive so much media coverage. 1078

27. No/The congressman that no/the citizen supported during the crisis 1079
assumed that the treasury would [MASK] lower the national debt. 1080

28. No/The professor that no/the student visited during office hours antici- 1081
pated that the teacher would [MASK] be so exhausted in the class. 1082

29. No/The actor that no/the judge nominated for an award expected that 1083
the director would [MASK] become a famous celebrity. 1084

30. No/The actress that no/the director auditioned for the role thought that 1085
the movie would [MASK] cause so much controversy. 1086

31. No/The champion that no/the competitor defeated in the race expected 1087
that the coach would [MASK] receive a life-time achievement award. 1088

32. No/The artist that no/the collector regarded very highly suggested that 1089
the gallery should [MASK] buy cheap frames for the expensive paint- 1090
ings. 1091

33. No/The scientist that no/the reporter cited in the story believed that the 1092
public would [MASK] care about the new discovery. 1093

34. No/The teenager that no/the teacher motivated before the test claimed 1094
that the parents should [MASK] care about the next exam. 1095

35. No/The student that no/the professor could tutor on the weekend thought 1096
that the professor should [MASK] be ready for the exam. 1097

36. No/The protestor that no/the reporter interviewed on live television ex- 1098
pected that the mayor would [MASK] agree with the numerous demands 1099
happily. 1100

C.2 Linear distance 1101
1. No/The journalist that no/the American broadcast editor sincerely rec- 1102

ommended for the interview assignment would [MASK] understand the 1103
complicated situation. 1104

2. No/The investor that no/the famous British businessman regrettably 1105
informed about the recent recession would [MASK] offer below the 1106
initial dollar price. 1107

3. No/The ambassador that no/the black American diplomat confidentially 1108
consulted about the international treaty would [MASK] reveal the truth 1109
about election. 1110

4. No/The professor that no/the female linguistics student fully trusted at 1111
the small college would [MASK] increase the yearly tuition. 1112

5. No/The customer that no/the arrogant Chinese salesman regularly as- 1113
sisted in the fancy showroom would [MASK] consider their lowest 1114
offer. 1115

6. No/The protestor that no/the young female journalist secretly inter- 1116
viewed at the political rally could [MASK] endorse the necessary laws. 1117
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7. No/The senator that no/the corrupt non-profit organization fully sup-1118
ported with the campaign donations would [MASK] accept the sly1119
bribe.1120

8. No/The lawyer that no/the tired head policeman sincerely respected1121
after the criminal trial would [MASK] want such a harsh sentence.1122

9. No/The student that no/the English language teacher cruelly punished1123
for the bad behavior would [MASK] talk about the incident.1124

10. No/The accountant that no/the certified public inspector carefully au-1125
dited in the past few years would [MASK] find out about the scandal.1126

11. No/The actor that no/the british film fan happily recognized at the wild1127
after-party would [MASK] find out about the affair.1128

12. No/The teacher that no/the enthusiastic novice parent highly recom-1129
mended for the prestigious award would [MASK] receive a huge pay1130
raise.1131

13. No/The student that no/the new medical librarian could willingly help1132
in the late afternoon would [MASK] meet the approaching deadline.1133

14. No/The child that no/the extremely wild bully regularly picked on at the1134
recess would [MASK] ignore such a strict punishment.1135

15. No/The criminal that no/the college campus policeman could success-1136
fully catch in the successful raid would [MASK] accept a plea bargain.1137

16. No/The employee that no/the hard working manager sincerely recom-1138
mended for the new promotion would [MASK] ask such difficult ques-1139
tions.1140

17. No/The investor that no/the famous billionaire manager completely1141
trusted with the investment money would [MASK] be arrested overnight.1142

18. No/The candidate that no/the actively concerned voter proudly sup-1143
ported during the senator election would [MASK] be re-elected for a1144
second term.1145

19. No/The doctor that no/the responsible medical nurse carefully assisted1146
during the long operation would [MASK] review the hospital bill.1147

20. No/The criminal that no/the careless chatty witness could confidently1148
identify in the quiet courtroom would [MASK] find out about the evi-1149
dence.1150

21. No/The actress that no/the universally acclaimed critic really liked in1151
the new movie would [MASK] win a prestigious award.1152

22. No/The legislator that no/the fairly elected congressman confidentially1153
consulted about the legislative proposal should [MASK] increase mili-1154
tary spending for the war.1155

23. No/The politician that no/the popular opposition journalist fully en-1156
dorsed in the local newspaper would [MASK] cause such a huge scan-1157
dal.1158

24. No/The teenager that no/the responsible American parent completely1159
trusted with an electric car could [MASK] behave well at school.1160

25. No/The survivor that no/the trained emergency medic could successfully1161
treat with a prepared first-aid kit would [MASK] be interviewed so soon.1162

26. No/The athlete that no/the female professional coach confidently re-1163
cruited for the soccer team would [MASK] receive so much media1164
coverage.1165

27. No/The congressman that no/the politically involved citizen happily1166
supported during the recent crisis would [MASK] lower the national1167
debt.1168

28. No/The professor that no/the reasonable college student regularly visited1169
during the office hours would [MASK] be so exhausted in the class.1170

29. No/The actor that no/the new theater judge proudly nominated for a1171
movie award would [MASK] become a famous celebrity.1172

30. No/The actress that no/the old prominent director willingly auditioned1173
for the lead role would [MASK] cause so much controversy.1174

31. No/The champion that no/the gold medal competitor brutally defeated1175
in the motorbike race would [MASK] receive a life-time achievement1176
award.1177

32. No/The artist that no/the talented fine collector regarded very highly and 1178
often should [MASK] buy cheap frames for the expensive paintings. 1179

33. No/The scientist that no/the distinguished climate reporter intentionally 1180
cited in the fake story would [MASK] care about the new discovery. 1181

34. No/The teenager that no/the typical American teacher tirelessly moti- 1182
vated before the current test should [MASK] care about the next exam. 1183

35. No/The student that no/the poorly motivated professor could secrely 1184
tutor on the final weekend should [MASK] be ready for the exam. 1185

36. No/The protestor that no/the elderly angry reporter extensively inter- 1186
viewed on the live television would [MASK] agree with the numerous 1187
demands happily. 1188
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