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Abstract 
 
Previous studies suggest that comprehenders initially fail to use argument roles when generating 
expectations for upcoming words (e.g., Kolk et al., 2003; Kuperberg et al., 2003; Hoeks et al., 
2004; Kim & Osterhout, 2005; Chow et al., 2016, 2018; Liao et al., 2022, Stone et al., 2024). In 
contrast, production studies show that people rarely produce role-inappropriate sentence 
continuations in a speeded cloze task, indicating rapid use of argument roles (e.g., Chow et al., 
2015; Nakamura et al., 2024). This contrast in role-sensitivity is unexpected if both situations 
involve the same predictive processes and if the experiment measures equally reflect those 
processes. Here, we show that the apparent conflict arises from different task demands involved 
in comprehension and production experiments, and that when they are engaged in an identical  
next-word prediction task, people show immediate use of argument roles in both comprehension 
and production. In two experiments, participants had to either produce a continuation of a sentence 
fragment or judge the plausibility of a complete sentence. The trial types were interleaved and 
presented randomly, which ensured that the sentence contexts were processed in the same way. In 
Experiment 1, we found rapid use of argument roles in the production trials, where participants 
produced target verbs more frequently and with faster onset latencies in role-appropriate than in 
role-reversed contexts, indicating that role-sensitivity in production was unaffected by the 
interleaved comprehension trials. In Experiment 2, the same hybrid design was used to measure 
role-sensitivity in the comprehension trials, while participants quickly produced sentence 
continuations in the interleaved production trials. A significantly smaller N400 was observed on 
target verbs presented in role-appropriate contexts than in role-reversed contexts, indicating 
immediate role-sensitivity in comprehension, as found in production. Together, the results indicate 
that argument roles have an immediate impact on processing when there is pressure to rapidly 
commit to a single representation rather than entertain multiple possibilities, and that this role-
sensitivity appears in both comprehension and production. 
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1. Introduction 
Prediction is considered as one of the key processes involved in real-time language comprehension 
(Altmann & Mirković, 2009; Dell & Chang, 2014; Federmeier, 2007, 2022; Hale, 2001; Levy, 
2008; Van Petten & Luka, 2012; Hickok, 2012; Pickering & Garrod, 2013; Pickering & Gambi, 
2018; Huettig, 2015; Kuperberg & Jaeger, 2016; Ryskin & Nieuwland, 2023). Studies have shown 
that comprehenders use preceding contextual information to form expectations about upcoming 
linguistic input before it is explicitly presented. A consensus view is that different types of 
contextual information serve as cues to help comprehenders generate multiple candidates that are 
consistent with the given linguistic input as well as with knowledge about what are likely events 
in the world (Staub et al., 2015; Kuperberg & Jaeger, 2016; Van Petten & Luka, 2012; Roland et 
al., 2012; Frisson et al., 2017; Ness & Meltzer-Asscher, 2021; Nakamura, 2023). It is generally 
agreed that these multiple candidates are activated quickly and accurately, in proportion to their 
grammaticality and probability in that context. Finally, it is widely assumed that the effects of 
candidate activations are transparently reflected in a variety of different measures, including 
anticipatory looks in eye-tracking, N400 responses in EEG, various reading time measures (e.g., 
as mediated via surprisal measures), and cloze responses. 
 The present work examines in detail a specific phenomenon where some evidence seems 
to challenge these general assumptions. The case of role-reversals, where inverting the roles of 
two arguments in a sentence context should yield different expectations for the upcoming verb, 
seems to suggest that predictions are not always constrained to contextually appropriate candidates 
and that there are inherent differences between the measures we use to probe underlying processes. 
This test case turns out to be useful for validating each of the main elements of the consensus view, 
and for gaining insights into underlying mechanisms. 

1.1 Initial failure to use argument roles in prediction during comprehension 
A large body of work in the EEG psycholinguistics literature has shown that comprehenders do 
not show different N400 amplitudes to verbs in role-appropriate and role-reversed contexts, in 
which all elements are kept identical except the nominal arguments which are reversed (e.g., Kim 
& Osterhout, 2005; Kuperberg et al., 2003, 2007; Hoeks et al., 2004; Kolk et al., 2003, van Herten 
et al., 2005; Brouwer et al., 2012; Chow et al., 2016, 2018; Nakamura et al., 2024). For example, 
the verb served is role-appropriate given the context in (1), while it is role-inappropriate given the 
context in (2), which contains the same lexical items but with reversed argument roles.  

(1) The restaurant owner forgot which customer the waitress had… 
(2) The restaurant owner forgot which waitress the customer had….  

The lack of the N400 effect with argument role-reversals is surprising, given ample evidence of a 
high degree of N400 sensitivity to probable vs. improbable  continuations (e.g., Kutas & Hillyard, 
1980, 1984; Van Petten & Luka, 2012; Federmeier, 2007, 2022). This insensitivity to role 
information is taken to be restricted to the initial stages of processing, as people do show sensitivity 
in later measures, such as in the P600 or in sentence-final interpretations. If comprehenders use 



 

3 

the given argument role information in the preceding context, and if they are able to effectively 
compute its consequences, they should show a more reduced N400 response to a verb in its role-
appropriate context compared to when the verb and the given argument roles indicate an unlikely 
event, e.g., customers serving waitresses. This phenomenon of insensitivity to role reversals has 
also been observed in other measures, such as in eye-tracking with the visual world paradigm 
(Kukona et al., 2011) or eye-tracking while reading (Burnsky, 2022), and has led psycholinguists 
to propose different theories on the underlying mechanisms involved in verb prediction and the 
use of argument role information in the generation of possible verb candidates. 
 Different accounts for role-reversal anomalies proposed in the literature place the blame 
for the initial role-insensitivity on different factors. We focus on two key factors that have been 
consistently alluded to in prior work. One family of accounts claims that comprehenders 
sometimes fail to make role-appropriate predictions because of insufficient time (Chow et al., 
2016, 2018; Liao et al., 2022; Nakamura et al., 2024). According to this view, argument roles are 
not used to generate candidates at the point when role-sensitivity is measured. Comprehenders 
initially activate verbs that are lexically associated with the preceding arguments irrespective of 
whether they fit the given argument roles (i.e., a ‘bag-of-arguments’ prediction), and role 
information only later affects the prediction process, constraining expectations to role-appropriate 
verbs. This could be either because parsing argument roles is slow (Liao et al., 2022), or because 
probing memory and selecting verb candidates that fit the given argument roles takes time (Chow 
et al., 2016, 2018). The key supporting evidence for this view is the finding that having more time 
before the verb, following the arguments, gives rise to an N400 effect (Chow et al., 2018; Liao et 
al., 2022; Stone et al., 2024; Nakamura et al., 2024). For example, in Chow et al.’s (2018) EEG 
study with Mandarin Chinese, inserting an adverbial phrase (e.g. zai shangxingqi; ‘last week’) 
between the arguments and the critical verb led to significant N400 amplitude differences to target 
verbs in their role-appropriate and role-reversed contexts. Similar results have been found in 
German (Stone et al., 2024) and in Japanese, where simply inserting a presentation delay between 
an argument and the verb, without additional linguistic content, elicited a significant N400 effect 
(Nakamura et al., 2024). These findings suggest that time is the crucial factor that determines the 
presence of immediate role-sensitivity. 

Another key factor that has been emphasized when explaining the role-reversal 
phenomenon is the relative strengths of different contextual cues. Some accounts claim that role-
inappropriate verb candidates are generated due to strong influences from semantic cues or 
probabilistic world knowledge which prevent the structural role information from constraining 
expectations (Kim et al., 2015; Kuperberg, 2016; Li & Ettinger, 2022; Rabovsky et al., 2018). In 
other words, role-specific candidates are generated without delay, but they are overwhelmed by 
the strength of role-independent candidates. For example, a particular argument or a set of 
arguments might activate a highly probable event in long-term memory which involves those 
arguments, independent of the roles assigned by the context. This could yield role-inappropriate 
predictions that violate the constraints enforced by the structural (role) information in the 
preceding linguistic context. While computational simulations incorporating this factor have been 
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shown to reproduce the observed empirical patterns (Robovsky et al., 2018; Li & Etteinger, 2022), 
the empirical support is not as clear as the timing evidence mentioned previously. 

While there appear to be different dimensions that might contribute to initial role-
insensitivity, i.e., the speed at which the comprehender can parse or use argument role information 
to generate predictions, or the availability of other contextual cues that might prevent role 
information from accurately constraining expectations, it is generally assumed that initial 
predictions are role-insensitive because these factors are at play in the underlying prediction 
generation processes. Set against this background, it is surprising that production studies using the 
speeded cloze paradigm have shown that argument roles have an immediate impact on generating 
next-word continuations. 

1.2 Rapid use of argument roles in speeded cloze production 
While the majority of the work examining sensitivity to argument roles during real-time processing 
comes from EEG studies using the N400 as the key measure, production studies using  the speeded 
cloze paradigm (Staub et al., 2015) have shown that argument role information can be quickly 
used in generating verb predictions. In a speeded cloze paradigm, participants see a sentence 
context presented word-by-word and then produce a continuation within a time limit. Studies using 
this paradigm have shown that participants overwhelmingly produce role-appropriate verbs as their 
completions and rarely produce role-reversal errors, or verbs that do not fit the preceding argument 
roles (Chow et al., 2015; Nakamura, 2023; Nakamura et al., 2024). Recently, Nakamura et al. 
(2024) sharpened the evidence for a contrast, by using the same materials and comparable timing 
parameters in distinct comprehension and production studies, and still showing different sensitivity 
profiles. The authors proposed that the contrast can be captured within the same activation model 
by varying the strength of a process that filters out role-inappropriate candidates. They further 
proposed that this is a kind of monitoring process, analogous to well documented processes in 
production (Nakamura et al., 2024). 

The apparent contrast in role-sensitivity is unexpected if both cases involve the same 
predictive processes and if the experimental measures equally reflect those processes. N400 effects 
generally arise when words differ in fit to context. This is widely taken as evidence that 
comprehenders are sensitive to degree of fit. Therefore, when words that obviously differ in their 
fit elicit matched N400s, it suggests that the words were erroneously considered as equally fitting 
given the different contexts in that moment. Similarly, the leading account of speeded cloze 
response rates and latencies claims that these measures reflect the relative speed of activation of 
competing candidates (Staub et al., 2015). If a candidate (and its competitors) is equally strong in 
two different contexts, it should show similar response rates or speed at which it gets produced as 
the continuation of the sentence. The stark contrast observed between the prior studies, where the 
EEG comprehension experiments suggest role-insensitive verb expectations and speeded cloze 
production experiments show otherwise, suggests that some part of this account must be incorrect. 
Importantly, the accounts that are designed to explain role-insensitivity in comprehension do not 
straightforwardly accommodate the finding of sensitivity in production. Moreover, we cannot take 
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for granted that the insensitivity observed in comprehension and the sensitivity observed in 
production are the product of the same processes.  

1.3 Potential explanations for the comprehension-production contrast 
One possible reason why a contrast is observed between comprehension and production with 
regard to role-sensitivity is that people engage in predictive processes to different degrees in 
comprehension and production experiments because of different experiment settings. 
Comprehension and production experiments differ in several aspects, and there is some evidence 
in the literature that suggests that those differences could contribute to the observed 
comprehension-production contrast found with role-reversals. 

1.3.1 Different engagement in predictive processes because of different experiment materials 

One key difference between comprehension and production experiments measuring role-
sensitivity involves the properties of experiment materials. In comprehension studies, participants 
often see as many ungrammatical or implausible sentences as grammatical or plausible sentences, 
because comprehension experiments require eliciting and comparing participants’ responses to 
those different types of sentences. Studies examining sensitivity to argument roles, in particular, 
include the presentation of many role-reversed sentences (e.g., The restaurant owner forgot which 
waitress the customer had *served). The presentation of role-reversed sentences is necessary, in 
order to observe responses to inappropriate target verbs and to infer the underlying processes that 
lead to such response patterns. Conversely, in a production experiment, participants do not see 
role-reversed or other anomalous sentences, since they themselves generate responses and the 
plausibility of the sentence depends on the completions that they produce. 

Previous studies have found that responses to linguistic anomalies can be affected by the 
proportion of predictable and unpredictable sentences in the experiment (Lau et al., 2013; Ness & 
Meltzer-Asscher, 2021), or by participants’ own awareness of the proportion of plausible sentences 
in the experiment (Hammerly et al., 2019), or perceptions of how likely the speaker will make an 
error (Hanulíková et al., 2012). For example, Brothers and colleagues (2017) found that self-paced 
reading times for predictable and unpredictable sentence-final words were less divergent, 
indicating a weaker predictability effect, when a greater portion of the experiment sentences ended 
with unexpected words, relative to an experiment with a balanced number of predictable and 
unpredictable sentence-endings. Other studies have reported similar findings in word-level 
processing, where the proportion of related or predictable word pairs presented during an EEG 
experiment modulated N400 responses to predictable and unpredictable word pairs (Lau et al., 
2013; Ness & Meltzer-Asscher, 2021). These findings suggest that people’s predictive behavior 
can be affected by the experiment setting in terms of the kinds of stimuli that participants are 
presented with.  

Given this background, one possible explanation for the lack of immediate role-sensitivity 
in comprehension, in contrast with production, is that the presence of role-reversed sentences 
makes argument roles less reliable cues in a comprehension experiment setting than in a production 
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experiment setting. When many of the experimental sentences contain unexpected role-
inappropriate verbs, participants might strategically choose to rely less on argument role 
information for prediction, in order to reduce prediction error. In contrast, in a speeded cloze 
paradigm, it would be advantageous to use all available contextual information to produce 
responses quickly and accurately, as the chosen continuations carry no penalty.  

One way to test whether the different experiment materials lead to the contrast is to expose 
participants to the same materials, including anomalous sentences, and to measure their behavior 
in comprehension and production. A hybrid interleaved trials design achieves this goal, by 
allowing us to measure role-sensitivity in comprehension and production while participants see 
the same materials during the experiment. 

1.3.2 Different engagement in predictive processes because of different tasks 

Another contrast between experiments that measure role-sensitivity in comprehension and 
production is the task given to the participants. Comprehension experiments often involve reading 
and judging the plausibility of presented sentences. On the other hand, production studies using 
the speeded cloze paradigm require participants to produce their own sentence continuations under 
time pressure. It is possible that the different task demands involved in comprehension and 
production experiments affect the way people use contextual information such as argument roles 
to generate expectations for upcoming words.  

A body of psycholinguistic literature suggests that people may adopt different predictive 
strategies depending on the task, which affects predictability effects observed in comprehension 
measures like the N400 effect (Kuperberg & Jaeger, 2016; Xiang & Kuperberg, 2015; Brothers et 
al., 2017; Lau et al., 2013; Ness & Meltzer-Asscher, 2021; but also see Van Wonderen & 
Nieuwland, 2023). For example, in Brothers et al.’s (2017) EEG experiment, participants were 
instructed to actively predict sentence-final words given a discourse and to respond whether their 
predictions matched the actual sentence endings that were presented after a delay. The authors 
found that this elicited a larger N400 effect between predictable and unpredictable words, relative 
to when participants simply read the same sentences and answered true-or-false comprehension 
questions in a portion of the trials. In this way, prior literature suggests that different task demands 
can contribute to observing different predictive processing behavior. More specifically, the typical 
instructions for a speeded cloze task resembles the kind of instructions that Brothers et al. (2017) 
have found to elicit stronger predictability effects in comprehension, where participants were asked 
to actively generate next-word predictions. It is possible that this kind of task affects the predictive 
process which results in increased sensitivity to argument roles for verb prediction in a speeded 
cloze paradigm than in an EEG experiment. 

We tested the possibility that the comprehension-production divergence arises from task-
related differences using the same interleaved trials that also served to present the same materials 
to participants. Given that participants do not know in advance whether a given trial is a 
comprehension or production trial, they would have to process the context for all trials in the same 
way, which would allow them to quickly produce a continuation at any random trial. We observed 
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whether engaging in this task would yield similar role-sensitivity in comprehension and 
production. 

1.3.3 Same engagement in predictive processes but different measures 
A third possibility is that participants in fact engage in predictive processes in the same way in 
comprehension and production experiments, but that the experimental measures of role-sensitivity 
tap into different processes. It is possible that, regardless of stimulus-related or task-related 
differences in comprehension and production experiments, participants process sentence contexts 
in the same way and carry out the same predictive processes to generate the same kinds of 
expectations based on prior context. If measures like the N400 and speeded cloze responses equally 
reflect those underlying prediction generation processes (Staub et al., 2015), they should show 
similar patterns in role-sensitivity. However, a contrast might arise because those measures tap 
into other additional processes that are not purely context-driven. N400 amplitudes are responses 
to a particular target input presented in a particular context, whereas cloze responses are generated 
by participants themselves solely based on the context, without the explicit presentation of a target 
input. Responding to a subsequent input following a context could invoke additional processes that 
do not occur when producing a continuation. Therefore, even when the context is processed and 
expectations are generated in the same way, responses to presented target verbs might look 
different from responses that are self-produced, and hence they might show different degrees of 
role-sensitivity in comprehension and production measures. If this is the case, we should not expect 
to observe the same degree of role-sensitivity in comprehension and production, even when 
participants are put in the same task setting and engage in the same predictive processes. 

1.4 The present study 

The current study aimed to better understand the comprehension-production contrast seen 
in prior studies via a hybrid design in which participants do not know on any given trial whether 
they will be asked to comprehend or produce a continuation. This paradigm allowed us to measure 
role-sensitivity in comprehension and in production, while controlling for potential differences 
that arise from comprehension-specific and production-specific experiment settings, including the 
materials and tasks used in the experiments. 

Experimental sentences were presented under two conditions, canonical or reversed. Each 
pair of arguments appearing in the canonical condition had a predictable target verb continuation 
(e.g., …which customer the waitress had served), which was role-inappropriate in the reversed 
condition, where the arguments were reversed in order (e.g., …which waitress the customer had 
served). Sentences presented in the comprehension trials included target verbs, while the sentence 
contexts presented in the speeded cloze production trials did not include the target verbs (i.e., 
sentences were truncated before the target verb). 

Different measures were used to detect role-sensitivity in comprehension and production. 
Following prior work, we used N400 responses to target verbs as a source of evidence for 
immediate role-sensitivity in comprehension. A smaller N400 response to target verbs in the 
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canonical condition than in the reversed condition would indicate immediate use of argument roles 
in constraining expectations. For the production trials, we used response rates and response times 
(RTs) as measures of role-sensitivity. Two types of analyses were conducted with response rates 
and RTs. First, we examined all the responses that were produced and categorized them into role-
appropriate and role-inappropriate responses. If argument roles were effectively used in predicting 
the upcoming verb, the majority of responses were expected to be role-appropriate, with rare role-
inappropriate responses, similar to previous speeded cloze findings. 

In addition, we compared how often and how quickly the target verbs, which were 
presented and used to measure role-sensitivity in the comprehension trials, were produced in the 
(role-appropriate) canonical and (role-inappropriate) reversed conditions in the production trials. 
Comparing the cloze percentages of target verb responses in the canonical and reversed conditions 
would, however, not be sufficient to detect role-sensitivity. This is because interpreting cloze 
probability as a direct measure of the predictability of a word given the context, without 
considering the strengths of other candidates also generated by the context, is misleading (Staub 
et al., 2015). 

Based on the findings from a series of speeded cloze experiments, Staub et al. (2015) 
proposed that producing a speeded cloze response is similar to a race among candidates that 
individually accumulate activation based on their strengths given the context. The first candidate 
to reach an activation threshold wins the race and gets produced as the cloze response. Importantly, 
each candidate’s strength is determined by its speed of activation, and the relative speed of 
candidates that participate in the race is what determines the win percentage of a candidate (i.e., 
its cloze probability). Then, according to the model, cloze probability does not directly reflect the 
fit between a word and a context, because how often a candidate wins depends on how fast the 
alternative candidates are in the race. If a race is very competitive (has overall strong competitors 
or a particularly strong competitor), it becomes less likely for a candidate to win with the same 
speed that allows it to win a race with weaker candidates. Since different contexts generate 
different candidates with different strengths, this means that a candidate with similar activation 
strengths in different contexts could produce different cloze probabilities, because those win 
percentages always depend on the relative speed of the other candidates in the race.  

Therefore, in order to correctly interpret cloze outcomes of the target verbs produced in the 
canonical and reversed contexts, we must understand the relative strengths of candidates generated 
in the canonical and reversed contexts. To do so, we examined the cloze percentages and RTs of 
role-neutral verbs, i.e., verbs that were equally predictable in both role contexts (e.g., …which 
customer/waitress the waitress/customer had seen). The cloze patterns of role-neutral verbs would 
indicate the relative competitiveness of the race in the canonical and reversed contexts, which 
would allow us to better interpret the cloze outcomes of the target verbs produced in those contexts. 
Details of the analysis and interpretations of speeded cloze RTs are presented in the data analysis 
and results sections. 
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2. Experiment 1 
The goal of Experiment 1 was to examine whether presenting anomalous, role-reversed sentences 
in a speeded cloze paradigm would yield an increase in role-reversal errors, i.e., yield role-
insensitivity in production similar to comprehension. If seeing numerous instances of role-reversal 
anomalies during the experiment leads to an increase in role-reversal responses, it would suggest 
that the initial role-insensitivity in comprehension is partly due to the task setting which makes 
argument roles a less reliable source of context for prediction. If the presentation of role-reversals 
does not cause a change in speeded cloze response patterns and does not elicit more role-reversal 
errors, it is unlikely that the exposure to role-reversed sentences is the main factor driving the 
comprehension-production contrast. 

2.1 Method 

2.1.1 Participants 
Sixty-seven native English speaking adults (24-58 years old, mean age = 39) recruited on Amazon 
Mechanical Turk participated in the experiment. Eighteen participants were excluded from 
analysis due to missing data or failure to follow instructions, leaving 49 participants for analysis. 

2.1.2 Materials 
We used the same stimuli that were used in a previous study that failed to find role-sensitivity in 
the N400 measure during comprehension (Chow et al., 2016). This included 60 pairs of sentences 
where each pair included canonical and reversed argument roles. These sentences were used in the 
comprehension trials. For the production trials, the same sentences were truncated prior to the verb 
and presented as sentence fragments to elicit a cloze response. An example set of critical items in 
each condition is presented in Table 1. The final word of each sentence in the production trials was 
presented in red font, which served as a prompt indicating that a response should be produced 
following that word.  
 
Table 1. Example critical items 

Trial type Condition Sentence (fragment) Example cloze 
response 

Production Canonical The restaurant owner forgot which customer 
the waitress had 

served 

Reversed The restaurant owner forgot which waitress 
the customer had 

tipped 
(*served) 

Comprehension Canonical The restaurant owner forgot which customer N/A 
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the waitress had served last night. 

Reversed The restaurant owner forgot which waitress 
the customer had served last night. 

N/A 

 
The critical items were divided into four presentation lists, where each list contained 120 

items that were evenly divided across the following combinations: comprehension-canonical, 
comprehension-reversed, production-canonical, production-reversed. Each list contained an 
additional 120 filler items. Half of the filler items were identical to the control items used in Chow 
et al. (2016), where sentences either ended in highly predictable or unexpected words, which were 
found to elicit the typical N400 effect. The other half of the filler items were sentences with varying 
lengths and structures. The complete set of items was counterbalanced across the four lists and 
presented in random order. Participants never saw the same argument pair in the same condition 
in the same type of trial more than once, and none of the filler items occurred in the same trial type 
for a participant. 

2.1.3 Procedure 

A hybrid task was designed which interleaved speeded cloze production trials with comprehension 
trials, through which the target verbs were presented in either a role-appropriate or role-reversed 
context. A critical part of the design was that the comprehension and production trials were mixed 
in the same experiment and presented in random order such that at the start of each trial participants 
did not know whether the trial was a comprehension trial or a production trial. This encouraged 
participants to be prepared to provide a cloze response at the start of every trial, since in any given 
trial, they would see a red prompt word and have to quickly generate a cloze response. 

The experiment was administered online using PCIbex (Zehr & Schwarz, 2018). The 
presentation of each trial began with a fixation mark ‘+’ presented for 1000 ms, followed by the 
context presented word-by-word in RSVP format with a 530 ms SOA (300 ms per word, 230 ms 
blank between words). For the comprehension trials, the presentation continued until it reached 
the end of the sentence, at which participants were given two seconds to respond whether the 
sentence they read was plausible or implausible by pressing corresponding keys on the keyboard. 
The screen moved onto the next trial after participants responded or reached the time limit. For the 
production trials, subsequent to the context presented in RSVP, the prompt word appeared in red 
font, followed by an underline, which indicated participants had to produce a cloze response. After 
a 3-second time limit, the screen proceeded to the next trial. Figure 1 presents an illustration of the 
interleaved trials design. 
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Figure 1. Illustration of the comprehension-production interleaved trials design in Experiment 1 

Participants were familiarized with the task through a series of instructions and practice 
trials divided into multiple steps. The first part included instructions for carrying out a regular 
speeded cloze task, for the production trials of the experiment. Participants were told to read each 
sentence fragment presented word-by-word on the screen and then say aloud a likely continuation 
after they see a word in red. They were informed there was a time limit so that they should be fast 
and accurate in their responses. The instructions were followed by sample recordings of responses 
and four subsequent practice trials. Participants were given the chance to adjust their microphone 
settings and recording quality prior to the experiment. Next, instructions for the comprehension 
trials were given, where participants were told that in some trials, they would see a complete 
sentence rather than the red word prompting a cloze response. For these trials, they were told to 
make plausibility judgments by pressing the ‘J’ (plausible) or ‘F’ (implausible) keys on the 
keyboard, where ‘plausible’ meant the sentence describes ‘something that would happen 
normally.’ Four practice trials were given for the comprehension trials. The final part of the 
instructions informed participants that they would see a mix of the production and comprehension 
trials throughout the experiment. They were told to be prepared to quickly provide a continuation 
of the sentence in every trial, in order to be able to produce a response before the time limit when 
they see a red word indicating that it is a production trial. 

All participants provided written consent prior to the experiment and received monetary 
compensation for their participation at the end of the experiment. The complete experiment session 
took about one hour. 

2.1.4 Analysis 
Speech files containing cloze responses recorded in the production trials were pre-processed using 
Google Cloud Speech-to-Text API for automatic transcription and Chronset (Roux et al., 2017) 
for automatic detection of speech onset times. The pre-processed files were then manually checked 
and adjusted using the Praat software (Boersma, 2001). The complete speech processing pipeline 
is publicly available: https://github.com/ekrosalee/SpeechDataProcessingPipeline.  

The cloze responses were coded and analyzed in the following ways. First, each unique 
response produced for a given pair of arguments was coded as i) biased toward the role assignment 
in the canonical condition, ii) biased toward the role assignment in the reversed condition, or iii) 
not biased toward any particular role assignment. Then, all responses were coded as ‘role-
appropriate’ when produced in the condition with the preferred argument role assignment, ‘role-
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reversed’ when produced in the opposite condition, or ‘role-neutral’ when it was a response that 
equally fit both role orders. All other responses were coded as ‘other.’ 

In addition, the cloze percentages and RTs of ‘target responses’ were compared between 
the canonical and reversed conditions. Target responses were the same verbs that were presented 
in the comprehension trials, i.e., target verbs in Chow et al.’s (2016) EEG study, which did not 
elicit an N400 effect. Observing higher percentages of target verb responses in the canonical 
condition than in the reversed condition would not be sufficient evidence for role-sensitivity, 
because cloze percentages cannot be interpreted as direct reflections of the strength of candidates, 
independent of the other alternatives that were generated by the context (Staub et al., 2015). For 
example, it is possible that the target verbs were equally activated given the canonical context and 
the reversed context but showed different cloze outcomes because the competing candidates were 
different in the two conditions. Therefore, in order to better understand the candidate profiles in 
the canonical and reversed conditions, we examined the role-neutral responses produced in the two 
contexts. Role-neutral responses were verbs that did not have a particular bias for one context over 
the other (e.g., …which customer/waitress the waitress/customer had seen). The cloze percentages 
and RTs of role-neutral responses in the two conditions would provide a clearer picture of the kind 
of contexts in which the target verbs could get produced as a cloze response. 

For all comparisons, statistical tests were carried out using the lme4 package in R (Bates 
et al., 2015), using generalized linear mixed-effects models to compare response rates between 
conditions and linear mixed-effects models to compare log-transformed RTs between conditions. 
All models initially included condition as a fixed effect, with a deviation coding (canonical = -.5, 
reversed = .5), and a maximally specified random effects structure with the subject and item 
random intercepts and by-subject and by-item slopes for condition. Random slopes were 
progressively dropped until the models converged (Barr et al., 2013). Significant effects were 
determined based on p-values (p < .05). 

2.2 Results 
In the comprehension trials, participants judged the sentences as plausible more in the canonical 
condition (89%) than in the reversed condition (35%) [t(66) = 11.95, p < .001)], indicating role-
sensitive final interpretations. For the control items, participants judged the sentences as plausible 
more in the high-cloze condition (92%) than in the low-cloze condition (22%) [t(66) = 13.86, p 
< .001]. 

The production rates of the speeded cloze responses are plotted in Figure 2. A strong 
majority of responses were contextually appropriate given the preceding argument roles: role-
appropriate and role-neutral responses together accounted for 88.5% of all responses, while role-
reversed responses accounted for 11% which is similar to the 14.3% error rate found in a prior 
study using the same experimental materials without the interleaved production trials (Nakamura, 
2023). Role-appropriate responses had the shortest onset latencies, while role-reversed and role-
neutral responses had similarly longer RTs. 



 

13 

 
Figure 2. Percentages of cloze responses in each response category in Experiment 1. Error bars 
represent 95% confidence intervals. 

Production rates of target responses diverged between the canonical and reversed 
conditions (Figure 3). Response rates showed a significant main effect of condition (β = -2.03, SE 
= .23, p < .001), where target responses were produced with a higher percentage in the canonical 
condition than in the reversed condition.  

 
Figure 3. Percentages of target responses in the canonical and reversed conditions (left) and their 
mean RTs (right) in Experiment 1. Error bars represent 95% confidence intervals. 

The cloze percentages and RTs of role-neutral responses indicate different candidate 
profiles between the canonical and reversed conditions (Figure 4). More role-neutral responses 
were produced in the reversed condition than in the canonical condition (β = 1.26, SE = .18, p 
< .001), while no differences were observed in RTs (Canonical: M = 1875 ms, SD = 523 ms; 
Reversed: M = 1805 ms, SD = 524 ms; p > .05). This indicates that more role-neutral responses 
were produced in the reversed condition than in the canonical condition despite having similar 
strengths. This pattern suggests a contrast in the strength of the field of candidates in the canonical 
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and reversed contexts, such that there were weaker alternatives in the reversed condition than in 
the canonical condition. 

 
Figure 4. Percentages of role-neutral responses in the canonical and reversed conditions (left) and 
their mean RTs (right) in Experiment 1. Error bars represent 95% confidence intervals. 

2.3 Discussion 
The main goal of Experiment 1 was to test whether seeing role-reversed sentences during the 
experiment affected people’s ability to produce role-appropriate responses in a speeded cloze 
paradigm. The question was whether being exposed to many role-reversed sentences in a 
comprehension experiment would make argument roles a less reliable cue to use for prediction 
and yield reduced role-sensitivity. If this were the case, we would expect to see an increase in role-
reversal errors in the hybrid comprehension-production experiment, where speeded cloze 
production trials were interleaved with comprehension trials, through which role-reversed 
sentences were presented to participants during the experiment. 

The cloze response patterns showed that the exposure to many anomalous role-reversal 
sentences through interleaved comprehension trials did not affect role-sensitivity in the production 
trials. Cloze responses were overwhelmingly role-appropriate, and anomalous, role-reversed 
responses were rare, with a similar production rate as in a prior study using the same experimental 
materials without the interleaved comprehension trials (Nakamura, 2023). Moreover, when 
participants produced the same target verbs that were presented in the comprehension trials as 
cloze responses in the production trials, they produced them more often and with faster onset 
latencies in the (role-appropriate) canonical condition than in the (role-inappropriate) reversed 
condition. In order to get a better understanding of how these cloze response patterns translate into 
activation-based race dynamics, we examined the profiles of role-neutral responses, or verbs that 
were equally predictable by the preceding context. The analysis results indicated that role-neutral 
verbs had similar RTs in the canonical and reversed conditions but were more frequently produced 
in the reversed condition than in the canonical condition. This suggests that there was weaker 
competition among alternatives in the reversed context than in the canonical condition, since given 
the same speed, candidates would have a greater chance of winning the race when their competitors 
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are weak (Staub et al., 2015). Despite the weaker competition, target verbs were produced less 
often, with slower speeds, in the reversed condition than in the canonical condition, indicating that 
they were not as strong candidates given the role-reversed context. These cloze patterns overall 
suggest that role information quickly and accurately constrained expectations for upcoming verbs 
in the production trials, even when participants were exposed to many implausible, role-reversed 
sentences through the interleaved comprehension trials in the experiment. 

While the results of Experiment 1 suggest that the comprehension-production divergence 
is unlikely to be driven by a difference in experimental materials, it is possible that participants in 
comprehension experiments and production experiments process sentence contexts differently 
because they engage in different tasks, not because they see different experimental materials. In 
Experiment 2, we examined whether putting participants in the same task setting where they must 
process the given contexts in the same way would elicit the same role-sensitivity in comprehension 
as in production. 

3. Experiment 2 
The same interleaved trials design used in Experiment 1 was used to put participants in a setting 
where they did not know at the start of each trial whether it was a comprehension or production 
trial, which ensured that participants were processing the sentences in a consistent manner while 
measuring N400 responses in the comprehension trials and speeded cloze responses in the 
production trials. We primarily focus on the N400 responses in the comprehension trials in 
Experiment 2, as the Experiment 1 speeded cloze results already indicated role-sensitivity in 
production in the interleaved trials experiment. If a significant N400 effect was observed in the 
comprehension trials (i.e., different N400 amplitudes between verbs in role-appropriate and role-
reversed contexts), this would suggest that the change in the task is responsible for the change in 
role-sensitivity. If no N400 effect was found, like in previous EEG studies, it would indicate that 
even when people are engaged in the same task and processing the sentence contexts in the same 
way, they only show role-sensitivity in speeded cloze responses (Experiment 1) but not in N400 
responses. This outcome would indicate that the comprehension and production measures reflect 
different parts of shared underlying processes. 

3.1 Method 

3.1.1 Participants 

Twenty-three native English speaking adults (18-36 years old, mean age = 22) from the University 
of Maryland participated in the experiment. All were right-handed, had normal or corrected-to-
normal vision and no history of neurological disorder. None of the participants had taken part in 
Experiment 1. 
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3.1.2 Materials 

The stimuli were identical to Experiment 1. 

3.1.3 Procedure 
The same hybrid comprehension-production interleaved trials design from Experiment 1 was used 
in Experiment 2. The experiment was conducted in an EEG lab. Participants were seated in front 
of a computer and keyboard. A noise-canceling microphone was placed in front of the participant 
for recording speeded cloze responses in the production trials. The stimuli were presented using a 
Matlab script. The rest of the experiment procedure was identical to Experiment 1. 

3.1.4 EEG recording and analysis 
EEG was recorded from 30 active electrodes placed on an elastic cap (Electrocap International) 
according to the International 10-20 system. The vertical electrooculogram (EOG) was measured 
with two electrodes each placed above and below the left eye, and the horizontal EOG was 
recorded through electrodes placed at the outer canthus of each eye. EEG and EOG signals were 
referenced to the left mastoid online and re-referenced to the average of the left and right mastoids 
offline. The AFz electrode was used as the ground electrode. The signal was digitized at a sampling 
rate of 500 Hz. Impedance was kept below 5 kΩ. The recordings were amplified and digitized 
online at 1000 Hz with a bandpass filter of 0.1-100 Hz. 

The EEG data were analyzed in Matlab using EEGLAB (Delorme & Makeig, 2004) and 
ERPLAB (Lopez-Calderon & Luck, 2014). The EEG data were time-locked to the target verb for 
the critical trials and the target noun for the control trials. A band-pass filter was applied at 0.1 Hz 
and 30 Hz, 12 dB/oct. The continuous EEG signal was epoched from 100 ms pre-stimulus to 800 
ms after the stimulus onset, and baseline correction was applied using the pre-stimulus interval, 
from -100 ms to 0 ms. Artifact rejection was conducted by automatically detecting and rejecting 
epochs using a simple voltage threshold of -100 μV to 100 μV, and using a moving window peak-
to-peak amplitude of 70 μV, where a 200 ms window was moved across the epoched data in 100 
ms increments and any epoch with amplitude exceeding the set value was rejected. The resulting 
data were manually inspected to ensure that artifacts were successfully removed, and three 
participants with a rejection rate exceeding 40% were excluded from further analysis. 

Statistical analysis was conducted following the recommendations from Luck (2022) and 
prior studies examining role-sensitivity in the N400 response (Liao et al., 2022). Mean amplitudes 
in the 300-500 ms time window from nine electrodes in the central-parietal area (C3, CZ, C4, CP3, 
CPZ, CP4, P3, PZ, P4) were subjected to a paired t-test, to observe the effect of context in the 
critical items (canonical vs. reversed), and the same analysis was carried out for the control items, 
to observe the effect of cloze (high-cloze vs. low-cloze).  
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3.1.5 Speeded cloze data analysis 

Response rates and RTs1 in the production trials were examined in the same ways as in Experiment 
1. 

3.2 Results 

3.2.1 Speeded cloze response rates and RTs in the production trials 

Similar to the production results in Experiment 1, a strong majority of responses produced in the 
production trials in Experiment 2 were contextually appropriate given the preceding role context, 
and role-reversed responses were rare (Figure 5).  

 
Figure 5. Percentages of cloze responses in each response category in Experiment 2. Error bars 
represent 95% confidence intervals. 

For target response rates, there was a significant main effect of condition (β = -1.53, SE 
= .38, p < .001), where target responses were produced more in the canonical context than in the 
reversed context.  

 
1 A 350 ms constant was added to the RTs in Experiment 2, in order to account for a recording 
delay with the Matlab recordblocking function.  
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Figure 6. Percentages of target responses in the canonical and reversed conditions (left) and their 
mean RTs (right) in Experiment 2. Error bars represent 95% confidence intervals. 
 The response patterns of role-neutral verbs observed in Experiment 1 were also replicated 
in Experiment 2. Role-neutral responses were produced more often in the reversed condition than 
in the canonical condition (β = .98, SE = .27, p < .001), with no differences in RTs between the 
two conditions (Canonical: M = 1858 ms, SD = 714 ms; Reversed: M = 1908 ms, SD = 661 ms; p 
> .05). This indicates that the strength of the field of candidates was weaker in the reversed 
condition than in the canonical condition. Target verbs nevertheless had lower cloze percentages 
and slower RTs in the reversed condition than in the canonical condition. 

 
Figure 7. Percentages of role-neutral responses in the canonical and reversed conditions (left) and 
their mean RTs (right) in Experiment 2. Error bars represent 95% confidence intervals. 

3.2.2 N400 responses in the comprehension trials 
Participants judged the sentences presented in the comprehension trials as plausible with a higher 
rate in the canonical condition (93%) relative to the reversed condition (58%) [t(19) = 7.55, p 
< .001)], and in the high-cloze control condition (94%) relative to the low-cloze control condition 
(31%) [t(19) = 10.67, p < .001)]. 
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The grand average N400 amplitudes in the canonical and reversed conditions for the critical 
items are shown in Figure 6. The comparison between the mean amplitudes from the canonical 
condition and reversed condition yielded a significant difference [t(19) = 2.38, p = .028], with a 
more negative N400 amplitude in the reversed condition (M = 0.49 µV, SD = 3.15 µV) than in the 
canonical condition (M = 1.65 µV, SD = 2.84 µV). 

 
Figure 8. Grand average N400 amplitudes for the canonical and reversed conditions and the 
topographic distribution of the mean voltage difference at the Cz electrode in the 300-500 ms time 
window 

The N400 amplitudes in the high-cloze and low-cloze conditions for the control items are 
shown in Figure 7. The comparison between the mean amplitudes from the high-cloze condition 
and low-cloze condition yielded a significant difference [t(19) = 5.37, p < .001], with a more 
negative N400 amplitude in the low-cloze condition (M = -0.44 µV, SD = 1.77 µV) than in the 
high-cloze condition (M = 2.16 µV, SD = 2.18 µV). 

 
Figure 9. Grand average N400 amplitudes for the high-cloze (plausible) and low-cloze 
(implausible) control condition and the topographic distribution of the mean voltage difference at 
the Cz electrode in the 300-500 ms time window 
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3.3 Discussion 
The goal of Experiment 2 was to test the hypothesis that the divergence between comprehension 
and production measures regarding argument role sensitivity arises from people being engaged in 
different tasks. The speeded cloze paradigm involves self-generating predictions and producing 
them aloud within a time limit, while a typical EEG experiment involves reading sentences 
presented word-by-word and occasionally making end-of-sentence judgments. The same 
interleaved trials design used in Experiment 1 was used in Experiment 2, where we measured EEG 
responses to target verbs presented in role-appropriate and role-reversed contexts (in the 
comprehension trials), while participants produced speeded cloze completions through interleaved 
production trials. 

The results from the production trials support rapid use of argument roles in speeded cloze 
production. Responses were overwhelmingly role-appropriate, and role-reversed responses were 
rare, with a similar production rate as observed in previous speeded cloze studies (Chow et al., 
2015; Nakamura et al., 2024) and in Experiment 1 of the current study. As in Experiment 1, the 
response patterns of target verbs and role-neutral verbs indicated that target verbs were weaker 
candidates in the role-reversed context than in the role-appropriate, canonical context despite 
evidence suggesting that competition was weaker. These patterns repeatedly observed in speeded 
cloze responses in Experiments 1 and 2 suggest that argument roles have an immediate impact on 
production. They also reinforce the fact that seeing many role-reversal anomalies during the 
experiment does not reduce sensitivity to argument role information. People can rapidly use 
argument role information to produce role-appropriate verbs given a sentence context. 

The key novel finding of Experiment 2 was that the EEG responses measured in the 
comprehension trials, which were interleaved with speeded cloze trials, revealed a significant 
N400 effect to role-reversal anomalies. The reduced N400 amplitudes for target verbs in the 
canonical condition relative to the reversed condition show that the target verbs elicited different 
neural responses in role-appropriate and role-reversed contexts. This indicates rapid sensitivity to 
argument roles during verb prediction, which stands in stark contrast to what has been found in 
previous EEG studies that repeatedly failed to find an N400 effect with role-reversals (e.g., Kim 
& Osterhout, 2005; Kuperberg et al., 2003, 2007; Hoeks et al., 2004; Kolk et al., 2003, van Herten 
et al., 2005; Brouwer et al., 2012; Chow et al., 2016, 2018; Nakamura et al., 2024). While some 
studies have shown that manipulating the distance between the arguments and the verb (Chow et 
al., 2018) or the presentation rate of the context (Liao et al., 2022; Nakamura et al., 2024) can elicit 
an N400 effect during comprehension, the current experiment result shows that an N400 effect to 
role-reversals can appear without any manipulation of the context. 
 The results of Experiment 2 indicate that the comprehension-production contrast 
disappears when it is ensured that participants process the preceding contextual information in the 
same way. We found evidence for immediate use of argument role information to constrain 
expectations in both comprehension and production. In the General Discussion, we further discuss 
the potential reasons for the emergence of immediate role-sensitivity in comprehension in the 
interleaved trials experiment. 
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4. General Discussion 
The main goal of the present study was to examine whether people can quickly and accurately 
parse and use argument role information for later processes during real-time sentence 
comprehension and production. Previous studies have found that comprehenders initially show the 
same response to verbs presented in role-appropriate and role-inappropriate contexts, which has 
been taken as evidence for initial blindness to role information during comprehension (e.g., Kim 
& Osterhout, 2005; Kuperberg et al., 2003, 2007; Hoeks et al., 2004; Kolk et al., 2003, van Herten 
et al., 2005; Brouwer et al., 2012; Chow et al., 2016, 2018; Stone et al., 2024; Kukona et al., 2011; 
Burnsky, 2022). On the other hand, production studies have found that people can quickly produce 
role-appropriate continuations and avoid role-reversal errors given sentence contexts (Chow et al., 
2015; Nakamura et al., 2024). This comprehension-production contrast is unexpected given 
linking hypotheses for measures that are taken to reflect similar underlying activations of target 
words given a context, i.e., N400 and speeded cloze responses (Staub et al., 2015). To clarify the 
apparent contrast, we conducted two experiments in which comprehension and production trials 
were interleaved and presented in random order in the same experiment. This design ensured that 
participants did not know which kind of trial they were in at the start of each trial, making it 
possible to measure role-sensitivity in comprehension and production while participants processed 
the sentence contexts in the same way and saw the same materials in the same experiment setting. 
The results revealed immediate sensitivity to argument roles in both comprehension and 
production measures, indicating that argument role information has an immediate impact on 
processing, when the task involves rapid use of contextual information to generate a sentence 
continuation. 

The speeded cloze responses in the hybrid experiment showed evidence supporting rapid 
use of argument role information even when the experiment materials contained many role-
reversal anomalies. Prior work has shown that predictive behavior in comprehension is affected 
by properties of the experiment materials, e.g., the proportion of predictable sentences presented 
during the experiment (e.g., Brothers et al., 2017; Lau et al., 2013; Ness & Meltzer-Asscher, 2021; 
but also see Van Wonderen & Nieuwland, 2023). Comprehension studies and production studies 
differ in terms of whether participants see role-reversed sentences during the experiment; 
comprehension studies involve presenting anomalous role-reversals, while (speeded cloze) 
production studies do not. The interleaved trials design used in the current study addressed this 
contrast by presenting role-reversals just as in a comprehension experiment and examining how it 
affected responses in the interleaved production trials. The results showed that the exposure to 
role-reversal anomalies did not change the production behavior. It did not hinder participants’ 
ability to quickly and accurately provide sentence continuations that fit the preceding argument 
roles in the production trials. The vast majority of cloze responses were role-appropriate, and target 
verbs were produced more often, with faster onset latencies, in role-appropriate contexts than in 
role-reversed contexts, despite there being evidence for weaker competition among alternatives in 
the reversed contexts which could allow role-reversals to get produced more often (Staub et al., 
2015). These results indicate that role information was actively used to constrain speeded cloze 
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responses, even when a portion of the experiment trials contained role-inappropriate sentence 
continuations. Seeing many instances of role-reversals, therefore, did not make the production 
behavior resemble the role-insensitivity observed in comprehension, suggesting that the absence 
of role-reversal materials in production experiments is unlikely the main cause of the apparent 
comprehension-production asymmetry. 

While the interleaved trials design yielded a consistent finding in production, i.e., rapid use 
of argument roles, it resulted in a significant change in comprehension. Target verbs elicited 
smaller N400 amplitudes when presented in role-appropriate contexts compared to role-reversed 
contexts, indicating immediate sensitivity to argument roles. Two key aspects of this finding are 
noteworthy. One is that the same sensitivity was observed in production and comprehension 
measures when participants were in the same experiment setting and performed the same task. The 
interleaved trials design used in the current study ensured that the sentence contexts were processed 
in the same way in the comprehension and production trials, since participants did not know at the 
beginning of each trial whether it was a comprehension trial or a production trial. Using this task, 
we found evidence for rapid use of argument roles in both comprehension and production 
measures, indicating that the apparent contrast observed across prior studies was mostly driven by 
participants in comprehension experiments and production experiments engaging in different tasks 
and processing the given sentence contexts differently in those experiments. 

Another key aspect to the comprehension results is that immediate role-sensitivity was 
observed in a comprehension measure in the hybrid interleaved trials design. The emergence of 
the N400 effect in response to role-reversal anomalies stands in contrast to the absence of the N400 
effect, as repeatedly reported in previous comprehension-only paradigms (e.g., Kim & Osterhout, 
2005; Kuperberg et al., 2003, 2007; Hoeks et al., 2004; Kolk et al., 2003, van Herten et al., 2005; 
Brouwer et al., 2012; Chow et al., 2016, 2018; Stone et al., 2024). While some studies have found 
sensitivity to argument roles in the N400 measure with an additional manipulation of time (Chow 
et al., 2018) or experiment materials (Ehrenhofer et al., 2019), this is the first time where the N400 
effect has been observed using the same materials that previously failed to elicit N400 role-
sensitivity (Chow et al., 2016). The main difference between a comprehension-only experiment 
and our hybrid comprehension-production task is the presence of (speeded cloze) production trials. 
Unlike in comprehension-only experiments, participants in the hybrid task had to produce sentence 
continuations in a portion of trials. 

The N400 effect found in our hybrid experiment appears to resemble prior findings of 
increased predictability effects in tasks that involved production. For example, Hintz et al. (2016) 
found that interleaving picture-naming production trials with self-paced reading trials yielded 
predictability effects in reading times in the self-paced reading trials which were not observed in 
the absence of the picture-naming trials. Lelonkiewicz et al. (2021) found that reading aloud 
sentence contexts led to faster sentence-final word recognition times relative to reading the 
contexts silently. The authors claimed that in the read-aloud condition, as opposed to the silent 
reading condition, participants engaged their production system which facilitated prediction and 
yielded faster processing of predictable sentence-final words. More generally, it has been claimed 
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that comprehenders can use the production system to predict upcoming input during 
comprehension (Pickering & Garrod, 2013; Gambi & Pickering, 2013; Dell & Chang, 2014; 
Pickering & Gambi, 2018; Martin et al., 2018). According to this view, prediction by production 
occurs through a process of covertly imitating the given context through the comprehender’s own 
production system and generating predictions for upcoming input based on the comprehender’s 
understanding of the intended message (Pickering & Gambi, 2018). 

Despite the resemblance, there are notable differences between the prior studies and the 
current study which motivate a more specific account than claiming that prediction was facilitated 
by the recruitment of the production system. Reference to production masks a key difference 
between the tasks used in the prior studies and our hybrid paradigm, since production involves i) 
planning what to say and ii) engaging articulatory processes. The production tasks used in the 
earlier studies involved targeted articulation of given words or sentence contexts; participants did 
not have to choose what to say or generate their own responses. The hybrid task in our study 
involved planning what to say and generating one’s own sentence continuation, and in the critical 
trials no articulation was required. Second, our findings reflect a qualitative change in sensitivity 
(i.e., responses to role-appropriate and role-inappropriate verbs), rather than mere facilitation of 
processes that were occurring even in the absence of the production task (e.g., faster reading times 
for predictable words). Therefore, given the specific properties of our hybrid paradigm, a suitable 
account must capture how the engagement of the planning mechanism, in particular, led to a 
qualitative change in sensitivity of role-based expectations. 

What could cause comprehenders to show immediate role-sensitivity in our hybrid 
interleaved trials design, in contrast to comprehension-only experiments? According to the view 
that blames the speed at which role-based verb expectations are generated (Liao et al., 2022; Chow 
et al., 2018; Nakamura et al., 2024), immediate role-sensitivity could arise if the processes that 
cause the delayed sensitivity are facilitated in the hybrid task. Alternatively, based on the view that 
argument roles have immediate but erroneous effects on prediction because of stronger influences 
from prior knowledge of event probabilities, independent of the given argument roles (Kim et al., 
2015; Kuperberg, 2016; Li & Ettinger, 2022; Rabovsky et al., 2018; Stone et al., 2024), explaining 
the current findings would require claiming that the hybrid task triggered a change in the way 
different sources of information are used to generate representations. This might involve a 
suppression of event knowledge or a reweighting of cues such that role information can 
successfully constrain predictions. 

While further empirical investigation is needed to determine which of the above is 
responsible for the change in the N400 response in the current study, we are sympathetic to the 
view that the hybrid task facilitates already ongoing processes rather than invoking a fundamental 
change in the way representations are generated. Assuming a distinction between i) generating 
representations and ii) committing to a single representation (which could, in principle, be sent for 
articulation), the hybrid task would require more engagement of the second process. This is 
because the interleaved speeded cloze trials require rapid commitment to a representation, in order 
to produce a single sentence continuation. Then, rather than necessarily involving a separate 
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production system, or an inherently different processing strategy, the hybrid task could engage 
processes in comprehension that are more necessary in production. That is, in a situation where 
there is no pressure to select a single best guess for the upcoming input, comprehenders may 
entertain multiple possible representations simultaneously (Roland et al., 2012; Staub et al., 2015; 
Frisson et al., 2017; Ness & Meltzer-Asscher, 2021) without quickly committing to a particular 
candidate. Conversely, in a situation where there is a benefit to selecting the most probable 
representation as quickly as possible, as in production where a single candidate must be sent for 
articulation, processes that can help to quickly reach a state with a single representation could be 
more engaged. Importantly, these processes are engaged not only in the production trials but also 
in the comprehension trials in the hybrid task, as participants do not know at the start of each trial 
whether they will be given a sentence continuation or they will have to produce their own 
continuation. Hence, they would recruit the same processes that are needed to produce a sentence 
continuation under time pressure even when the trial eventually turns out to be a comprehension 
trial, in which role-sensitivity is measured through the N400 response to presented target words. 

We propose two mechanistic ways in which the need to quickly commit to a single 
representation could yield immediate role-sensitivity. They are both based on modulations of an 
account of the timing effect reported in prior studies: role-sensitivity in comprehension emerges 
with additional time (Chow et al., 2018; Stone et al., 2024; Nakamura et al., 2024). Under the view 
that time is one key factor that determines role-sensitivity, accelerating parts of the underlying 
processes could capture the role-sensitivity observed in the current study. 

One possibility is that rapid commitment facilitates the process of filtering out role-
inappropriate candidates that were erroneously generated by the context. This assumes that initial 
verb predictions are role-insensitive, and a subsequent monitoring process filters out role-
inappropriate candidates (Nakamura et al., 2024). Accelerating the process of inhibiting role-
inappropriate verb candidates would yield the N400 effect observed in the hybrid task, i.e., 
immediate sensitivity to argument roles. 

 Alternatively, it is possible that the generation of verb candidates based on context, i.e., 
what occurs before the verb is presented, is role-sensitive, but that processes that occur after the 
verb is presented are more vulnerable to role-reversals. Recently, Lee & Phillips (in prep.) tested 
the specific contribution of confrontation of role-reversal verbs by presenting distractor verbs 
while participants were engaged in a speeded cloze task. They found that participants were 
particularly susceptible to errors when presented with role-reversal distractors. This recreated in 
production a role-insensitive profile similar to that typically seen in comprehension. This 
highlights the critical role of confrontation with inappropriate verbs to role-insensitivity. Second, 
in analyzing variability across individual items in the study, the authors found that vulnerability to 
role-reversal distractors was much lower in items where there was a readily accessible role-
appropriate continuation. This highlights that the availability of good role-appropriate 
continuations has a protective effect in making participants invulnerable to reversals. Hence, a 
possible impact of the hybrid paradigm in the current study is that it may have accelerated the 
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generation of role-appropriate candidates, leading to the emergence of role-sensitivity in the N400 
response in the comprehension trials. 

5. Conclusion 
The present study aimed to examine an apparent comprehension-production contrast with regard 
to whether people show immediate sensitivity to given argument role information during real-time 
sentence processing. Previous comprehension studies have shown that initial verb expectations are 
not constrained by argument roles, while production studies have shown that they are rapidly used 
in generating next-word continuations. By using a hybrid interleaved trials design, we measured 
role-sensitivity during comprehension and production while participants were put in an identical 
task setting and processed the given context in the same way. This yielded immediate role-
sensitivity in both comprehension (EEG) and production (speeded cloze) measures, indicating that 
the contrast found in prior work was driven by different task demands in different experiment 
settings. Engaging in a task that requires active generation of candidates and commitment to a 
single representation can yield immediate sensitivity to argument roles during real-time 
processing. 
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Appendix 
 
A topographic display of Experiment 2 ERP results for critical items: Canonical (black) vs. 
Reversed (red).
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A topographic display of Experiment 2 ERP results for control items: High-cloze (black) vs. 
Low-cloze (red). 
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