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Variations on ungrammatical structures in at-a-

glance language processing 

 

Student Number: 220919472 

Supervisor:  Dr. Linnaea Stockall 

 

ABSTRACT 

This study explores novel types of ungrammatical structures in the literature of rapid parallel 

processing incorporating the RPVP-SSE paradigm. Accounting for a theory of primary 

constituent/phrase structure detection when we rapidly process language, to what degree do the 

cognitive mechanisms detect deviations from canonical SVO structure? Presenting four-word 

English sequences for 300ms followed by a mis-match task, I looked for unique effects of 

copula-dropping (“SO”), pronoun-dropping (“VO”), and auxiliary-verb tense error (“SVVO”) 

constructions relative to grammatical and reversed structure controls. Participants’ reaction 

times confirmed a sentence superiority effect as in prior studies, with significantly faster 

responses to Grammatical sentences compared to Reversed, Copula-drop, and Pronoun-drop 

structures. The similarity of these behavioural results suggested equivalence between a lacking 

input and a non-canonical word order for a phrase structure model of processing. Tense Error 

structures patterned between the grammatical and ungrammatical conditions, suggesting 

interference in processing from either the additional auxiliary verb, or from the conflicting 

tense values. Further research is warranted to investigate these intermediary levels of 

grammaticality, particularly with support from neural response data. 
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1. Introduction  

Despite the surface appearance that we read in a serial nature, a wide array of recent linguistic 

research has identified that the human brain is highly capable at, and prone to, the parallel 

processing of written language (for a summary of recent discussion on the topic, see Snell & 

Grainger, 2019). Restricting the availability of visual material to very small timeframes points 

towards alternatives when a serial reading approach is impossible. Just as the brain can extract 

the gist of a scene – that is, “meaningful perceptual and conceptual information” – from a very 

early range of 19ms to 67ms (Greene & Oliva, 2009), we are also capable of rapidly extracting 

linguistic information from sequences of words. Magneto-encephalography (MEG) brain 

studies suggest visual word processing takes place within 200ms of exposure (Tarkiainen et 

al., 1999), while behavioural data suggests that we detect syntactic information from multiple 

words in just 50ms (Snell, 2024). A growing body of research seeks to evidence and identify 

the cognitive mechanisms by which we can parse language at-a-glance. 

What factors affect, or control for, this rapid processing? A “word superiority effect” which 

improves rapid detection/task performance for words over single letters has long been 

established, originally proposed by Cattell (1886). Reicher (1969) used a choice-of-two-letters 

recognition task with a brief tachistoscopic display of stimuli, which were either one or two 

single letters, common four letter words, and four letter non-words, and found significantly 

improved task performance for words over letters. Using the same procedure, Baron and 

Thurston (1973) replicated this performance effect in brief tachistoscopic presentations of 

scrambled words as well as non-words and letters, finding that pronounceable non-words 

performed similarly to regular words while scrambling imposed an accuracy deficit. 

Cattell was also known to have proposed a “sentence superiority effect” (SSE): that a 

sentence of up to seven words could be recalled from a single exposure, but only three to four 
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was possible for unrelated words (1886). More recent research has revisited this phenomenon 

in the context of parallel processing of words. Asano and Yokosawa (2011) were interested in 

how intuitive gist extraction of a text, just through skimming, precedes and does not require 

holistic serial reading. Recognising a potential sentence superiority effect, they proposed a 

“proto-context model” of parallel processing in which the perception of words activates a 

sentence-level gist (or “proto-context”) and, in turn, aids the processing of related words in the 

sentence. This informed their experimental design: first they presented short stimuli sentences 

in Japanese, either semantically consistent or anomalous, and with target words in three 

different locations, for 200ms. Participants then chose a word from a list of four, corresponding 

to anomalous/consistent and target/new word. Participants were able to identify the target word 

more accurately for consistent sentences than anomalous, suggesting a sentence-level effect of 

semantic context on word identification accuracy, in line with semantic priming. Asano and 

Yokosawa then added a syntactic component to their design by contrasting the previously used 

standard sentences with transposed structures, but they found no meaningful effect of the 

syntactic disruption.  

This combinatory approach of investigating parallel processing with a sentence superiority 

effect was adopted for a French study by Snell and Grainger (2017), who established a standard 

methodological paradigm known as Rapid Parallel Visual Presentation (RPVP): while 

participants’ vision is fixated on the centre of a screen, a sequence of words (usually around 

four) is presented for a brief timeframe (typically 200 or 300ms), and following a gap, 

participants must complete a task based on their recognition of the prior stimulus. Snell and 

Grainger incorporated a backward hash mask in the gap between the 200ms stimuli 

presentation and their task, that being post-cued partial report: participants had to remember 

and answer (via. typing) what word they thought appeared at the target location. Using 

semantically neutral sequences of words, they contrasted stimuli that were grammatically 
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correct sentences with scrambled ungrammatical sequences. They found evidence for a 

syntactic superiority effect through higher accuracy of word identification for the grammatical 

sentences, independent of the target word’s position in the four-word sequences. Following 

this paper, a fundamental framework of combining Rapid Parallel Visual Presentation with the 

sentence superiority effect became established in the at-a-glance processing literature/field of 

research. With slight adjustments to procedure – but almost always using grammatical 

sentences as controls eliciting a superiority effect – several more studies have explored the 

cognitive syntactic bases that surface at the onset of parallel processing. The nuanced findings 

of this methodological approach will be discussed as they have informed the design of this 

study and bolstered the overall knowledge in the field. 

1.1 Previous studies on rapid parallel processing incorporating a sentence 

superiority effect 

I will first summarise three works in the literature since Snell and Grainger (2017) which 

are valuable for understanding developments in sentence superiority effect research, but do not 

directly relate to this study. Additionally, see Table 1 (next page) for an overview of prior 

studies, predominantly using the RPVP paradigm. Declerck et al. (2020) used inter-mixed 

French and English word sequences with contrastive grammaticality to test whether the 

sentence superiority effect would surface for French-English bilinguals. They confirmed their 

hypothesis of a “shared syntax” between languages with a significantly higher accuracy rate 

for grammatical sentences in the 200ms post-cued word report task, independent of the target 

word’s language. Massol et al. (2021) revisited the semantic superiority effect elicited by 

Asano and Yokosawa, contrasting semantically regular with anomalous sentences alongside a 

syntactic paradigm of grammatical or scrambled sentences, with a 300ms post-cued partial 

report task. Alongside the expected syntactic superiority effect for grammaticality, they found 

that semantic regularity produced significantly higher word identification accuracy. However, 
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Table 1: Overview of relevant prior studies in the SSE literature 
Authors 

& Date 

Methodological 

paradigm 

EEG/MEG/ 

behavioural 
Type of task(s) 

Study 

language 

Display 

time (ms) 

Participant 

details 

Conditions/ 

Structures 
Main result 

Krogh & 

Pylkkänen 

(2024) 

RPVP & SSE 

(Two-word stimuli 
aiming to minimise 

load on working 

memory) 

MEG & 

behavioural 

data 

Mis-/match 

identification 
Dutch 

 

300 29 participants 

Mean age ≈29 

Y/N question / 

Declarative & 

Verb argument 

structure  

& Two-word lists 

/ sentences 

Found significant SSE 

with sentences over lists 

for RT. Higher MEG 

activation for sentences 

over lists. Differently 

timed syntax activation 

suggests hierarchical 

sentence processing. 

Dunagan 

et al. 

(2024) 

Dynamic RPVP & 

SSE 
EEG & 

behavioural 

data 

Mis-/match 

identification 
English 200-600 

Increase/ 
decrease 

alongside 
accuracy 

35 participants 

Of which, 33p 
right-handed 

Grammaticality 

(absent / extra 

agreement 

morpheme),  

Scrambled, 

Consonant string 

sequence 

Found signif. SSE of 

gramm. over scrambled 

/ consonant strings. No 

effect with agreement 

error sequences. EEG 

evidence for multiple 

time thresholds within 

300ms of processing. 

Fallon & 

Pylkkänen 

(2024) 

RPVP & SSE MEG & 

behavioural 

data 

Mis-/match 

identification 
English 300 30 participants 

Right-handed 

Mean age ≈23 

SVO Sentence / 

Related List & 

Violations 

(Agreement, Role 

Reversal) & 

Complexity 

(Rel. clause) 

Found significant SSE 

for SVO sentences over 

related lists in RT / Acc. 

Structures benefit from 

SVO patterning, except 

SOV rel. clauses. MEG 

suggests canonical 

structure requisite. 

Flower & 

Pylkkänen 

(2024) 

RPVP & SSE MEG & 

behavioural 

data 

Mis-/match 

identification 
English 300 MEG+B: 

29 participants 

Right-handed 
Mean age ≈20 

Only B: 

30 participants 
Mean age ≈36 

Grammatical, 

Reversed, & 

Inner-Transposed 

word sequences  

 

& Determiner 

Found signif. SSE on 

grammaticality. Early 

MEG clusters contrast 

gramm. and transposed, 

but not late, suggesting 

early bottom-up & later 

top-down processing. 

Both contrast ungramm. 

Dufau et 

al. (2024) 

RPVP & SSE 

Replicating Snell 

& Grainger (2017) 

MEG & 

behavioural 

data  

Post-cued partial 

report: word at 

target location 
(read out loud) 

French 200 20 participants 

Mean age ≈24 

Semantically 

neutral, Regular / 

Scrambled (i.e. 

ungrammatical) 

sequences 

Replicated 2017 SSE 

effect and MEG results 

support cascaded 

interactive-activation 

account of reading. 

Massol, 

Mirault & 

Grainger 

(2021) 

RPVP & SSE Behavioural 

data 

Post-cued partial 

report: word at 

target location 

French 300 180 participants 

Mean age ≈29 

Grammatical / 

Scrambled & 

Semantically 

Anomalous /  

Regular: either 

complement to 

verb/subject 

Found grammatical SSE 

and a further SSE for 

semantic regularity  

(“relatively small”), as 

well as interaction 

between syntax and 

semantic conditions. 

Wen, 

Mirault & 

Grainger 

(2021) 

RPVP & SSE EEG & 

behavioural 

data 

Grammaticality 

judgement 
French 200 Exp 1+2:  

26 participants 

Right-handed 
Mean age ≈23 

1: Grammatical 
/ Scrambled 
2: Grammatical 
Transposed  

Replicated evidence of 

syntactic neural SSE: 

lower N400 amplitude 

for grammatical, higher 

with scrambled. Lower 

perf. for transposition 

but same reduced N400. 

Declerck 

et al.  

(2020) 

RPVP & SSE Behavioural 

data 

Post-cued partial 

report: word at 

target location 

English 

& French 

200 24 participants 

Mean age ≈24 

L1 French, with 
proficient ability 

in L2 English 

Grammaticality 
of sequences. 
 
All inter-mixed 
language. 

Found significant 

bilingual SSE effect: 

higher accuracy for the 

grammatical sequences 

than ungrammatical. 

Pegado & 

Grainger 

(2020) 

Transposed-word 
effect 

Behavioural 

data 

Mis-/match 
identification 

French 400 × 2 Exp 1+2: 
28 participants 

Grammaticality 
of sequences & 
Transposed / 
Replacement 
sequences 

Found faster RT and 

higher accuracy on task 

for grammatical over 

ungramm. Transposition 

had significantly lower 

perf. than replacement. 

Wen, 

Snell & 

Grainger 

(2019) 

RPVP & SSE 

Replicating Snell 

& Grainger (2017) 

EEG & 

behavioural 

data 

Post-cued partial 

report: word at 

target location 

French 200 24 participants 

Right-handed 

Mean age ≈21 

Semantically 
neutral, Regular 
/ Scrambled (i.e. 
ungrammatical) 
sequences 

Found evidence of 

neural SSE: lower N400 

amplitude + significant 

accuracy improvement 

for grammatical seq. 

Snell & 

Grainger 

(2017) 

RPVP & SSE Behavioural 

data 

Post-cued partial 

report: word at 

target location 

French 200 36 participants Semantically 
neutral, Regular 
/ Scrambled (i.e. 
ungrammatical) 
sequences 

Found grammatical 

sequences have 

significantly higher 

word report accuracy 

than scrambled (SSE). 

Asano & 

Yokosawa 

(2011) 

RPVP & SSE 

Modified task from 
Reicher-Wheeler 

(1969, 1970) 

Behavioural 

data 

Post-cued target 

word recognition 
& Reading 

confirmation 

Japanese 200 Exp1: 

24 participants 
Ages 20-32 

Exp2:  

24 participants 
Ages 20-27 

1: Semantically 
Anomalous / 
Consistent 
2: (ibid) + 
Grammatical 
/ Transposed  

Found significant effect 

of semantic relatedness 

on word identification 

accuracy, but no change 

from syntactic structure. 
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they noted this additional semantic effect was “relatively small”, contributing only 19.7% of 

the identified SSE, and suggested the need for cloze probability manipulation in further related 

research. Finally, Pegado and Grainger (2020) investigated transposed-word effects adjacent 

to the RPVP-SSE paradigm: they presented either grammatical or scrambled five-word 

lowercase sentences for 400ms, followed a 400ms five-word uppercase sentence with either no 

change, word replacement (same length and syntactic function), or word transposition, then 

asked participants to identify whether the sentences matched. Grammatical sentences produced 

significantly faster reaction times and fewer errors than their counterparts, while transposed 

sentences produced significantly slower responses and more errors than word replacements. 

Collating these findings, the sentence superiority effect is clearly consistent in sentences of 

contrastive grammaticality – its underlying syntactic detection mechanism able to work across 

multiple languages at a time – but also complex. The incorporation of semantic information 

and the nuance of word transposition difficulty suggest multiple interactive factors during rapid 

processing. 

Combined brain studies with behavioural data were introduced to the RPVP-SSE literature 

by Wen, Snell and Grainger (2019). They considered that the sentence superiority effect might 

be explained by “sophisticated guessing”: that a serial or incremental processing model was 

still applicable if participants extracted partial information from singular words and thereby 

guessed/inferred the target word. To justify their alternative hypothesis of a cascaded 

interactive-activation model (McClelland and Rumelhart, 1981) of sentence 

reading/comprehension, which would explain the SSE through parallel word processing, they 

incorporated electro-encephalography (EEG) data and recorded participants’ N400 responses. 

The N400 event-related potential (ERP) component is understood to be representative of 

lexico-semantic processing, the form-meaning interface, and processing effort between whole-

word identities and higher-level semantic and syntactic information (Grainger & Holcomb, 
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2009; Lau, Phillips & Poeppel, 2008; Friederici & Kotz, 2003). Using adapted (French) 

material from Snell and Grainger (2017) and the same 200ms RPVP into post-cued partial 

report task, they replicated the known grammaticality SSE and found significantly reduced 

N400 amplitude for the scrambled sentences compared to the grammatical. This ERP evidence 

reinforced the analysis of the SSE as being an empirical, left-hemisphere localised, and highly 

syntactic-semantic cognitive process. Relatedly, Dufau et al. (2024) also replicated the 2017 

study with the same materials and procedure, but measured MEG brain data instead. They 

found neural correlates of the SSE through activity differences in four left-localised brain 

regions between ≈300 to 600ms, three of which were significant, and interpreted this as further 

support for a cascaded interactive-activation model of reading. 

Alongside the increasing strength of evidence for parallel accounts of sentence processing, 

Wen, Snell and Grainger notably linked their theory to the notion of early syntactic frame 

generation in reading (Koriat and Greenberg, 1994), which would gain traction in the 

subsequent literature, and ultimately influenced the design and interpretations of this present 

study. Mixed EEG/MEG and behavioural methodology is now standard practice, and while this 

study does not incorporate or focus heavily on brain activity data, it has become inseparable 

from recent developments in the cognitive theory.  

At this point in time, a syntactic basis of at-a-glance processing represented by the SSE was 

well-understood, but manipulations of syntactic factors had received limited investigation. Wen, 

Mirault and Grainger (2021) re-introduced transposed-word sequences to be contrasted with 

(un-)grammaticality in a French EEG study, and while keeping 200ms RPVP of four-word 

stimuli, they modified their task to grammaticality judgements. They found a consistent 

behavioural SSE in higher accuracy and faster reaction time for grammatical sentences over 

scrambled and replicated the reduced N400 amplitude effect (neural SSE). Transposed-word 

sequences produced lower accuracy rates and slower reaction times than the ungrammatical 



220919472 
 

8 
 

controls, but also patterned with the grammatical sentences in the N400 effect, suggesting that 

the effect was not representative of improved/easier processing. Rather, the effect was taken to 

represent generation of an “elementary syntactic representation” through parallel processing, 

and one that “constrains ongoing word identification”: thus the brain might adjust transposed-

word sequences to the expected syntactic structures of the elementary representation, leading 

to errors in the judgement task. This appears consistent with a well-known human tendency to 

automatically correct errors in jumbled sentences, as recognised by Flower and Pylkkänen 

(2024). They similarly investigated a three-way contrast of grammatical, reversed, and 

transposed English sentences, using a 300ms RPVP procedure and mis-match identification 

task, and measured participants’ MEG responses. Besides the behavioural grammaticality SSE, 

the MEG activity showed a significant three-way contrast between structures in early cluster, 

but in the late cluster, transposed sentences patterned with the grammatical, creating only a 

two-way distinction against the reversed sentences. Flower and Pylkkänen interpreted this as 

evidence for multiple stages of early multi-word comprehension, in which early bottom-up 

processing detects any deviation from grammaticality, whereas a later top-down processing 

“rescues” minimally deviant stimuli, adjusting them to a standard grammatical interpretation. 

This corresponds with accounts of form typicality preferences by the parser, with lexical word-

recognition effects known to take effect around 100-200ms (Dikker et al., 2010; Hauk et al., 

2006), and a sentence-level syntactic effect around 300ms (Matar et al., 2021). 

Following from prior suggestions of syntactic frame, this evidence of detecting an early 

syntactic representation in rapid sentence processing (<300ms) incentivised studies to probe 

the thresholds of the cognitive structural “template”. Fallon and Pylkkänen (2024) designed an 

English RPVP-SSE experiment with MEG measurements, comparing three-word sentences to 

word lists of varying semantic relation, presented to participants for 300ms followed by a mis-

match identification task. There were six sentence conditions: (1) was standard SVO; (2) and 
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(5) contained an agreement error violation in the form of ‘-s’ singular verb suffixation; (3), (5) 

and (6) featured semantically anomalous role reversals; (4) and (6) featured structurally 

complex relative clauses. In the behavioural data, they found significantly faster reaction times 

and higher accuracy for standard SVO sentences compared to word lists. In the MEG data, they 

found higher activity for SVO sentences compared to word lists – insensitive to grammatical 

or semantic well-formedness – starting around 125ms. Based on these results, Fallon and 

Pylkkänen observed that a syntactic displacement of the object to initial position (and thus verb 

to final) appeared to be the cause of a lacking neural signal and SSE performance increase. 

Furthermore, they proposed a development, or extension, to the theorised “elementary syntactic 

representation” (Wen, Mirault & Grainger, 2021) as a system of rapid phrase structure 

detection: a preference of the cognitive parser for frequent or “canonical” SVO word order (not 

strictly defined and considered language-dependent), which directly informed this study’s 

design. Their novel findings in the space of rapid syntactic processing would be affirmed by 

Dunagan et al. (2024): they performed an English RPVP-SSE study contrasting grammatical, 

scrambled, and ungrammatical (agreement error) sentences, and non-lexical consonant strings, 

and measured participants’ EEG responses to a mis-match task. They incorporated a dynamic 

200ms display of sentences that increased by 50ms for incorrect responses, and vice versa. 

Dunagan et al. found a significant accuracy SSE for grammatical compared to scrambled 

sentences, as well as to consonant strings, but not ungrammatical (agreement errors). Likewise, 

agreement errors did not diverge from the grammatical sentences in EEG responses, in contrast 

to singular/plural morphology at ≈200ms. Their results led them to define a constituent 

structure hypothesis theory, proposed to be compatible with the data from Fallon and 

Pylkkänen (2024): a mapping of the visual stimulus onto a morpho-orthographic representation, 

starting at ≈170ms, which precedes lexical activation of words and does not index contextual 

integration or subject-verb agreement. Crucially, these two studies with their parallel theories 
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have begun to define the syntactic processes involved in the sentence superiority effect more 

specifically, including the thresholds of detection. 

In a further exploration of the cognitive syntactic bases of the SSE, Krogh and Pylkkänen 

(2024) employed a novel RPVP-SSE study in Dutch, comparing sentences with lists both two-

words in length, intending to minimise load on, and effect of, working memory. They varied 

their structural conditions in both syntactic frame (declarative sentences and yes-no questions) 

and argument structure (unergative, unaccusative, and alternating unaccusative). Participants 

answered a mis-match task following 300ms stimuli presentation. Sentences exhibited a 

behavioural SSE in reaction times, and partially in accuracies, over lists; syntactic frame and 

argument structure showed condition-specific SSEs, but these were driven by the lists and 

effects were significantly reduced when restricted to the sentences. While sentences elicited 

more left-lateralised MEG activity than lists from ≈230-405ms, the structural conditions were 

right-lateralised: argument structure contrasted unergative verbs with the other two types 

around 260-375ms, and syntactic frame activity produced a binary contrast around 500-725ms. 

According to this data, Krogh and Pylkkänen proposed that the more complex structural 

conditions in their experiment were likely distinct from the mechanism underlying the SSE, its 

associated left-lateral N400 responses contrasting with these right hemisphere findings. 

Therefore, the SSE is reflective of “more basic” sentence-building operations, which manifest 

earlier in sentence processing – perhaps justifying the essential constituent/phrase structure 

detection hypotheses. 

1.2 Background and design of this study 

Accounting for the promising and adjacent theories in the constituent/phrase structure 

hypotheses, and acknowledging that an emphasis on complexity in syntactic manipulations was 

unlikely to produce a relevant effect in the RPVP-SSE paradigm, this study looked to 
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unexplored ungrammatical structures with relatively minimal deviation from a canonical SVO 

base. This was a similar approach to Fallon and Pylkkänen (2024), but without the comparison 

against word lists or other non-sentence stimuli (such as consonant strings), for which evidence 

has shown quite clear behavioural and neural SSE contrasts (Fallon & Pylkkänen, 2024; Krogh 

& Pylkkänen, 2024). However, instead of focusing on rearrangements of the canonical structure 

– reflected in the literature’s history of using reversed, scrambled, and transposed sentence 

conditions – this study investigated the effects of addition and subtraction, i.e. missing or extra 

fundamental subject/verb/object parts. Namely, this study introduced three ungrammatical 

structure variables: copula-dropping, pronoun-dropping, and tense errors between the auxiliary 

and verb. 

The Copula-drop and Pronoun-drop structures concern subtraction, being otherwise SVO 

in word order, but short of a verb or subject respectively. Of interest was how the brain would 

parse these structures relative to SVO, reflected in the behavioural performance: would either 

violation end up “corrected” and pattern with the grammatical sentences? If the verb is deemed 

more important alike SOV relative clauses data from Fallon and Pylkkänen (2024), perhaps for 

a predicate role, then the Copula-drop structures alone might see reduced performance. Notably, 

both of these structures are considered acceptable in non-standard varieties of English: 

pronoun-dropping is common to colloquial speech, while copula deletion occurs in the present 

tense of African American English (Jones, 2020). These observations were not expected to 

significantly affect the findings of this study, but they might be explored in future specialised 

research. 

The Tense Error condition was defined by an exact subject-auxiliary-verb-object word order, 

in which the auxiliary might be interpreted by the brain as a second verb, therefore representing 

an “addition” upon the otherwise SVO structure. These auxiliaries and verbs conflicted with 

each other in either past, present, or future tense forms. It was not clear whether this tense 
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conflict violation would count as an agreement error, and therefore not be detected in early 

processing (Dunagan et al., 2024; Fallon & Pylkkänen, 2024), though the morpho-syntactic 

basis is similar. However, fulfilment of the basic SVO structure requirement led to an 

expectation that Tense Error would pattern with Grammatical sentences. 

An additional question is whether unique, specific deficits would arise from these syntactic 

manipulations, or if they would show a standard non-SSE degree of performance in the 

behavioural data. Therefore, alongside the primary contrastive controls of Grammatical 

sentences, a Reversed condition was also used as a control, intended to replicate the original 

SSE, and provide comparison against the alternative ungrammatical structures. Finally, the 

dependent variables used were the participants’ accuracy rate (Boolean, ‘0’ for incorrect and 

‘1’ for correct) and reaction times (seconds/milliseconds) in the mis-match task. See Table 2 

for an example of each structure and the task design. 

Table 2: Examples of the stimuli structures in this study with two semantic sets 

Set Structure Stimulus 
Changed 

word 

New 

word 

Mismatch 

stimulus 

3 Grammatical he makes fine art    

Reversed art fine makes he 

Pronoun-drop makes the fine art 

Copula-drop the fine art fancy 

Tense error he does had art 

4 Grammatical she sells nice art sells  vends she vends nice art 

Reversed art nice sells she art kit kit nice sells she 

Pronoun-drop sells very nice art nice fine sells very fine art 

Copula-drop her art very nice nice cool her art very cool 

Tense error she will sold art will does she does sold art 
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2. Materials and Methods 

2.1 Participants 

Thirty-one participants were recruited, either through online social media platforms or by word 

of mouth, and participation was voluntary with no payment for completion. As specified by the 

recruitment advertisement and the information sheet prior to the experiment, all participants 

acknowledged themselves through involvement to be native speakers of English (no specified 

dialect), within the ages of 18 to 40 years old, and having no severe eyesight or reading 

difficulties. 

2.2 Task rationale and stimuli creation 

A mis-match task was used in accordance with recent studies (Krogh & Pylkkänen, 2024; 

Dunagan et al., 2024; Fallon & Pylkkänen, 2024; Flower & Pylkkänen, 2024). The task also 

benefits from a purely visual basis, without complicating factors from the relativity of 

grammaticality judgements, and can also be performed at a very fast speed, suitable for an 

online experiment that gathers a large amount of data in as little time as possible. Additionally, 

the RPVP-SSE literature emphasises that any appropriately contrastive task generates the 

sentence superiority effect, reflected in the N400 component (e.g. Wen, Mirault & Grainger, 

2021).  

The 120 stimuli of four-word sequences were constructed within the range of 16 to 19 

characters, divided into 6 semantic sets that were adapted from the materials of Fallon and 

Pylkkänen (2024), intending to avoid or control for influence from word frequency effects on 

the final data. Individual words were between 2 and 6 characters, with a maximum between-

words range (i.e. from one word to the next) of 3 characters for each item. Half of the stimuli 

were mismatch trials, with one of the four words replaced by a semantically related word of 



220919472 
 

14 
 

equal length. All four possible change locations were represented equally at 15 occurrences 

each. Due to their minimal character counts and difficulty of substitution, pronouns in the 

stimuli (“he/she”) were never changed in mismatch items. 

2.3 Procedure  

All participants provided informed consent online before the start of the experiment. Prior 

to the main experiments, participants completed 6 practice trials with feedback in the form of 

green (correct) and red (incorrect) circles. This was intended to familiarise participants with 

the response mechanism and ensure participants could provide answers accurate to their 

intentions. Accordingly, no feedback was given in the main trials. 

Trials began with a central fixation cross presented for 300ms, followed by 300ms of a blank 

screen. Then the pre-stimulus appeared on the screen for 300ms, followed by another 500ms 

of a blank screen. Next, the post-stimulus (the task item) would appear and remain on the screen 

until the participant provided an answer, or until the 5 second time-out threshold. Participants 

responded using their keyboards with the left arrow [←]  to mean ‘match’ and right arrow [→] 

to mean ‘mismatch’, which was also indicated on the screen. Lastly, the interstimulus interval 

was 400ms. Trials were entirely randomised for each participant. 

The experiment was built in PsychoPy (Peirce et al., 2019) and hosted on the online 

platform Pavlovia. Participants were only able to complete the experiment on a computer and 

instructed to keep an approximate arm’s distance from their screen. In tandem with the screen-

centred fixation cross before every trial, this was intended to keep a consistent level of 

parafoveal visibility of the stimuli for all participants. The four-word sequences were also 

presented in monospaced Courier New font to prevent participants from answering based on 

perceived changes to the size of the words, though any observances as to the shape of the letters 
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could not be controlled for. The whole experiment was expected to run for around ten to fifteen 

minutes for each participant, and no breaks were provided, so all trials were run continuously. 

2.4 Statistical testing 

Reaction times (RT) were normally distributed, allowing for a one-way ANOVA between 

Reaction Time and the Structure variable, and I also performed Linear Mixed Effects 

Regression (LMER) modelling in RStudio to incorporate random effects and analyse the 

individual significance of each of the structure conditions. Accuracy rates (KeyResp) were 

derived from binary values (0/1) of participants’ responses, requiring binomial General Linear 

Mixed Modelling (GLMM) due to the non-normal data. Participants and items were included 

as random effects in both the LMER and GLMM models. Finally, I used one-way ANOVAs 

to determine the effect of the Change Location variable on RT and accuracy. The threshold for 

significance was taken as a p-value of 0.05 or less. 

2.5 Data pre-processing 

Four participants’ data were excluded from analysis due to falling under an 80% accuracy 

performance threshold (also used in Flower & Pylkkänen (2024) with similar accuracy rates). 

The original mean accuracy rate was 86.75%, and subsequently 90.03% with the remaining 27 

participants. Reaction time cut-offs were set at a minimum of 0.2 seconds and a maximum of 

2.5 seconds to reflect rapid processing related to the experimental task. Though there were no 

data points under 200ms, null responses (timed-out after 5 seconds) were also removed, as they 

did not represent participant engagement in the task. This constituted 4.66% of the remaining 

data with 27 participants. Overall, 16.96% of the preliminary data were removed, leaving an 

average of 617.8 data-points/measurements per structure condition in the final data, and 3089 

total observations. 
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3. Results 

There was a high accuracy rate across all structure conditions (mean=90.03%, SD=29.97%, 

SE=0.54%), with a small (3.36%) range in means between the most accurately answered 

structure condition Tense Error (mean=91.63%, SD=27.70%, SE=1.11%) and the least 

accurately answered Copula-drop (mean=88.27%, SD=32.20%, SE=1.30%). These can be seen 

in Figure 1. The Grammatical structures unexpectedly showed a below-average accuracy rate 

(mean=89.56%, SD=30.61%, SE=1.22%). No  ungrammatical structure had a significant effect 

on accuracy relative to the Grammatical controls as per binomial GLMM modelling: results of 

the model are available in Table 3 and visualised in Figure 2. 

 

Figure 1 
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Table 3: Binomial GLMER of the accuracy (KeyResp) data. The model formula used was 

KeyResp ~ Structure + (1|PartIndex) + (1|StimIndex). Bolded p-values <0.05 are 

significant. 

Predictors Odds Ratios Confidence Interval p 

(Intercept) 18.40 9.68 – 35.00 <0.001 

Structure [Copula-drop] 0.69 0.30 – 1.58 0.376 

Structure [Pronoun-drop] 0.85 0.37 – 1.96 0.695 

Structure [Reversed] 0.94 0.41 – 2.18 0.888 

Structure [Tense Error] 1.01 0.44 – 2.35 0.976 

 

Figure 2 

 

Reaction times were positively skewed (mean=1.05s, SD=0.42s, SE=0.01s) for all structure 

conditions, as in Figures 3 and 4 (dotted line represents the mean). SVO structures generally 

produced faster responses, the fastest condition being Grammatical (mean=0.99s, SD=0.40s, 

SE=0.02s), and non-SVO structures produced the slowest responses: see Figure 5. 
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Figure 3 

 

Figure 4 
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Figure 5 

 

Using a one-way ANOVA test, the Structure variable was found to have a very significant 

effect on reaction time (p=0.000112, df=4, F=5.838). Accounting for randomness and 

separating the individual structure conditions, linear mixed modelling found multiple 

significant effects on reaction time relative to the Grammatical intercept: significantly slower 

RTs for Copula-drop structures (p=0.044), and more strongly, for Reversed (p=0.012) and 

Pronoun-drop (p=0.004) structures. Results are available in Table 4 and visualised in Figure 6. 

Table 4: LMER of the reaction time (RT) data. The model formula used was RT ~ 

Structure + (1|PartIndex) + (1|StimIndex). Bolded p-values <0.05 are significant. 

Predictors Estimates Confidence Interval p 

(Intercept) 0.99 0.91 – 1.07 <0.001 

Structure [Copula-drop] 0.07 0.00 – 0.15 0.044 

Structure [Pronoun-drop] 0.11 0.04 – 0.18 0.004 

Structure [Reversed] 0.09 0.02 – 0.16 0.012 

Structure [Tense Error] 0.06 -0.02 – 0.13 0.129 
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Figure 6 

 

Finally, the effect of change locations was analysed as they affected the dependent 

variables, included in Table 5 below. One-way ANOVAs revealed significant effects of 

Change Location both on reaction time (p=0.0187, df=3, F=3.339) and accuracy (p=0.0314, 

df=3, F=2.957). 

Table 5: Mean reaction time and accuracy by change location 

Response type 
Change location 

1 2 3 4 

Accuracy 89.77% 82.69% 84.08% 85.50% 

Reaction time (ms) 1.06 1.09 1.14 1.05 
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4. Discussion 

Accuracy 

The Accuracy data found no significant effects and failed to replicate the sentence 

superiority effect for the Grammatical structure condition, with an accuracy rate highly 

comparable to Pronoun-drop, and lower than the unexpectedly high-performing Reversed 

condition. The high accuracy of Tense Error was generally expected, and seems to follow the 

trend in research that agreement errors are not parsed in – or otherwise, do not affect – the 

earliest stages of structure detection and syntactic processing (Dunagan et al., 2024; Fallon & 

Pylkkänen, 2024).  

However, the close comparability with the Reversed data is, again, problematic for 

reliability in the context of SSE studies. Especially considering its normal reaction time 

distribution and mean relative to the Grammatical structure, it is difficult to imagine what drove 

this high accuracy effect. If it were the case that participants subconsciously remembered words 

of corresponding Grammatical stimuli where they randomly appeared first, we would likewise 

expect to find an equivalent improvement in the Grammatical performance for the opposite 

circumstance: but the Grammatical accuracy rate is strangely low. 

An answer may be found in how the effects of Change Location related to the stimuli. As 

aforementioned, pronouns (required for the Pronoun-drop condition) comprised a large portion 

of the stimuli and were never changed due to difficulty of substitution: in the case of Reversed 

sequences, pronouns were in the final (fourth) position. The first and final positions were 

reported as more difficult in Snell and Grainger (2017), constituting 55.76% of their location 

errors and representing the edges of parafoveal vision. It is therefore possible that Reversed 

stimuli were made easier through the exclusion of the final change location, whether or not this 

was subconsciously recognised by participants. However, this does not clearly explain why 
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Grammatical sentences performed more poorly, since the first change location (where 

pronouns were placed in Grammatical sentences) would have been discounted as well. If 

nothing else, this limitation of the stimuli may explain why the first and final change locations 

had higher accuracy rates, and likely drives some part of the significant effects. 

While the trends in accuracy means suggest an increase in difficulty for Copula-drop 

structures, possibly implicating an additional deficit to processing compared to Pro-drop 

caused by the absence of a verb (since both deviate from SVO-like structure), the effect is 

nonetheless small, and this data alone is not reliable enough to corroborate anything beyond 

conjecture. The same logic applies to the lower performance of both Copula-drop and Pro-drop 

relative to Reversed and Tense Error.  

Reaction Time 

In contrast, the reaction time data replicated the sentence superiority effect, adding to the 

literature on its established veracity, which likewise offers reliability to the data in interpreting 

the multiple significant structural effects. Participants’ responses to the Grammatical condition 

were significantly contrasted against each of the ungrammatical conditions excepting Tense 

Error, which was expected to pattern with Grammatical due to SVO likeness. However, the 

performance difference in reaction times between the two conditions is still noteworthy, the 

decrease for Tense Error particularly represented by the means (Figure 5).  

Considering the deficit, it is possible that these tense errors pose a more significant problem 

in processing than previous types of agreement used in the literature. For instance, Dunagan et 

al. (2024) considered the possibility that their use of conflicting verb morphology may show 

limited detection because of the weak salience of the English suffix [-s]. However, in tandem 

with brain response evidence that these morphological distinctions are detected in a later stage 

of processing (Dunagan et al., 2024; Fallon & Pylkkänen, 2024), the constituent/phrase 
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structure hypothesis suggests that the brain is only concerned with a canonical SVO 

representation at this early stage. So why else would the Tense Error sequences produce slower 

responses in this study? I interpret this as the auxiliaries in the stimuli representing a second 

verb, causing additional complexity and effort in processing than a single-verb SVO structure.  

Alternatively, if this decrease in performance does relate solely to the presence of 

conflicting tense, rather than multiple apparent verbs causing a problem for canonical SVO, 

we would expect to see no processing deficit in the data when auxiliaries and verbs are used 

together in a grammatical sentence – which may already have been implied by the positive 

findings of Snell and Grainger (2017), who included auxiliaries in their grammatical stimuli. 

However, they did not isolate/distinguish these structures from the rest, so more focused data 

is required. Accounting for either of these interpretations, it seems English SVO constructions 

with multiple verbs and/or auxiliaries may have unique effects on early constituent/phrase 

structure detection: in this regard, a processing deficit leading to slower reaction times. 

What factors drove the significant effect of Change Location on reaction time is 

unfortunately unclear, particularly regarding the noticeably slower second and third locations. 

This is the inverse of the effect originally reported by Snell and Grainger (2017) and 

unexpected as the most centrally focused positions within the parafoveal range of vision. 

Because it is not the primary focus of this study, I will not analyse it further.  

The remaining ungrammatical structures (Reversed, Copula-drop and Pronoun-drop) fall 

within a relatively similar range to each other and Tense Error, with no significant differences. 

Alone, the similarity of the ungrammatical structures implies that all deviation from SVO is 

considered equal in early structure detection: that the absence of a verb in the stimulus is 

equivalent to the verb being in a non-standard location. However, the similarity in reaction 

times between these ungrammatical conditions and Tense Error suggests the possibility of 
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additional confounding factors in the data, such as the aforementioned multiple-verb 

complexity effect. 

Furthermore, it is interesting that the Pronoun-drop structures produced the slowest reaction 

times rather than Copula-drop, potentially implying that the absence of a subject was more 

taxing than the lack of a verb. Additionally, compared to the Reversed stimuli, the Copula-drop 

sequences began with more “subject-typical” words for an SVO structure than the former 

objects in Reversed sequences (e.g. pronouns and determiners). In that the N400 response 

characteristic of the SSE is well-known to interface with semantics, and prior RPVP-SSE 

studies have identified semantic effects (Massol et al., 2021; Asano and Yokosawa, 2011), it 

may be semantic factors conditioning what kind of word should appear first in the canonical 

SVO cognitive representation. If Copula-drop sequences appear more typical from just the first 

or second word, this may benefit their overall processing, while the verb-initial Pronoun-drop 

sequences are immediately aberrant from the parser’s expectations. The same would apply for 

semantically unfit object words in Reversed sequences. 

Lastly, as a natural limitation of this study, behavioural data may not be appropriate for 

identifying the thresholds of early/rapid cognitive syntax detection compared to EEG/MEG 

data. It is possible that Copula-drop, Pronoun-drop, and Tense Error structures are all noticed 

by the parser in the <300ms display period, but adjusted in the following ≈700ms before the 

participant responds to the task, as was the case for transposed-word structures (Flower and 

Pylkkänen, 2024). However, behavioural data still offers a practical insight into what the brain 

is, or is not, able to keep track of in a rapid reading context. 
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Summary 

I conclude that there being no additional deficit from Copula-drop and Pronoun-drop 

structures is the most plausible interpretation of this data, causing them to pattern with 

Reversed structures in contrast to Grammatical. The unreliability of the accuracy data, 

alongside the absence of any significant effects, does not support an analysis of unique 

ungrammaticality for these conditions. In terms of the constituent/phrase structure hypothesis, 

it appears that missing a core subject/verb/object component is essentially equivalent to the 

brain being unable to detect them in unexpected word orders. That said, I do not find that this 

data completely rules out the possibility, and future research may refine the methodological 

approach, perhaps with more stringent control of semantic factors. 

 The results of the Tense Error structure condition suggest something of a vague 

intermediate point between SSE-benefited grammaticality and non-canonical SVO 

ungrammaticality. Acknowledging that the accuracy data was likely unreliable, its highest 

overall accuracy score nonetheless contrasts with reaction times that are not significantly 

different from Grammatical sentences, but also not entirely similar in the means. There is 

definitely room for future studies to explore how an apparent multiple-verb structure interacts 

with cognitive assignment and/or association of canonical SVO, with a necessary involvement 

of neural response data to corroborate the behavioural findings. 
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5. Conclusion 

This study investigated the effects of various syntactic structures, with a focus on novel 

grammaticality violations of standard SVO structure, upon at-a-glance (<300ms) processing 

using a mis-match task. This followed a methodological standard of prior literature that 

combines the RPVP paradigm with the established sentence superiority effect, contrasting 

improved speed and accuracy of participants’ responses to grammatical sentences with poorer 

performances to the ungrammatical. 

Participants’ accuracy rates in the task failed to demonstrate the sentence superiority effect, 

as grammatical sentences did not show improved performance relative to the other 

ungrammatical conditions. However, there was a successful replication in the reaction time 

data, producing significant contrasts between the faster responses of the Grammatical structure, 

and slower responses for three of the four ungrammatical conditions: Copula-drop, Pronoun-

drop, and Reversed. Therefore, this study partially replicated a behavioural sentence superiority 

effect. 

The constituent/phrase structure hypothesis (Dunagan et al., 2024; Fallon & Pylkkänen, 

2024), which proposes that the brain favours canonical SVO structures and maps a visual 

stimulus onto a mortho-orthographic representation starting at ≈170ms, was taken as a basis 

upon which to interpret this data. Considering the similar results of the Copula-drop, Pronoun-

drop, and Reversed conditions, I found that this suggested an equivalence between lacking 

subject/verb/object components in the input with an unfavoured (non-canonical) ordering of 

the same elements. Therefore, no additional deficit arose in a relatively uniform notion of 

ungrammaticality. Regarding the Tense Error structure and (while acknowledging 

unreliability) the high-but-unreliable accuracy results in contrast with mediocre reaction times, 

I interpreted that a multiple-verb parse from the combined auxiliary and main verb was likely 
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causing some interference with otherwise standard SVO assignment. Alternatively, a novel 

factor in the RPVP-SSE paradigm of tense might be detected <300ms, and so the two 

conflicting tense values could slow down processing. However, this view contends with the 

limited syntactic effects for verb types found in Krogh and Pylkkänen (2024). 

Though significant effects of Change Location on both the dependent variables were found, 

what drove their distribution across the four positions was unclear from the data. In one regard 

they elucidated a problem in the stimuli design: pronouns were never changed due to the 

difficulty of substitution in mismatch trials, but this may have induced the unexpectedly high 

accuracy rate of the Reversed sequences in terms of the fourth/final position being effectively 

removed from the equation. Future studies incorporating pronoun-dropping should therefore 

use a task that does not involve stimuli modification, such as post-cued partial report or 

grammaticality judgement; or if a different task is not possible, then consistently restrict 

potential change locations to be separate to the positions of pronouns.  

Certain limitations on procedure were expected by the nature of a voluntary online 

experiment, for which a shorter duration was preferred for participant retention. Common 

practice in this field of research provides the participants with breaks and two or three times 

the experiment duration (e.g. Dunagan et al., 2024; Fallon & Pylkkänen, 2024; Snell & 

Grainger, 2017) which is expected to improve focus. Participants’ surrounding environment 

similarly could not be controlled for; one participant in this experiment who did not meet the 

accuracy threshold self-reported external distractions. Furthermore, there was an average of 

617.8 data-points in this study where, at least for reaction time measurements, at least 1600 per 

condition may be preferable for sufficient statistical power (Brysbaert & Stevens, 2018) and to 

ensure the validity of conclusions. 
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In terms of this study’s findings and in general, there is much room for future research in 

the area of syntactic complexity in processing at-a-glance, and a need for more data. A more 

powerful and appropriately refined study might remove any remaining doubt as to the 

processing of sequences lacking subjects, verbs, and objects as well. Alternatively, the 

constituent/phrase structure hypothesis may be refined further with the incorporation of 

semantic factors, and how they interface with a syntactic model through individual word 

location restrictions, such as cloze probability (Massol, Mirault & Grainger, 2021). What 

exactly can influence the “canonical” SVO, if that is the fundamental basis of the elementary 

representation in early syntactic processing/the sentence superiority effect, has yet to become 

clear. A very clear requirement of future studies, however, is the inclusion of neural data from 

MEG/EEG response measurements: else it is virtually impossible to identify the time frames 

at which individual factors are detected, especially those which are corrected by later 

processing and are therefore invisible in behavioural data. There is particularly space to explore 

early verb encoding and whether any grammatical effects interact with, or are otherwise 

spatially or temporally adjacent to, the left-lateral N400 component: such studies may better 

answer the questions raised by the Tense Error structure in this experiment. Finally, specialist 

research could explore how or whether language variance, like the copula-dropping in African 

American English, or standard zero copula languages like Russian, has an effect and what it 

means for these models of rapid language processing. 
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7. Appendix 

The experimental stimuli are attached in a Comma Separated Values file. 


