role-appropriate responses and inappropriate responses.

00D 0oooood dogoooo

The analysis of the EEG data collected by Momma (2016) replicated the well-known absence
of N400 effects in the short condition. Even though D00 should be expected after U0
000 but not after 000I0O0U, there was no evidence for an N400 contrast at the verb. More
importantly, N400 contrasts were found for the same pairs of stimuli in the long condition.
This not only replicates Chow et al. (2018)’s findings but also extends them. This is because
the stimuli were maximally simple in the experiment and the only difference between the short
and the long condition is the additional 400ms added to the interval between the context
noun and the target verb. This is stronger evidence that the absence of N400 effects in
argument role reversals is specific to an earlier stage of processing, prior to the presentation
of the target verb, and hence that N400 effects change dynamically as a function of time
after the presentation of the context, but before the presentation of the target verb.
Previous EEG studies of argument role reversals have reported a late positivity for the
reversed sentences compared to the canonical sentences (P600 effects). This was also the
case for Chow et al. (2018), where they observed P600 effects both in the short and the
long conditions. This has been considered to reflect the effort of semantic integration of the
lexical item (e.g., Brouwer et al., 2017) or syntactic reanalysis (e.g., van Herten et al., 2005).
Interestingly, significant P600 effects were not found in the current EEG data analysis either
in the short condition or the long condition. Although I do not have a clear account for the
absence of P600 effects in the EEG study, I suspect that this was due to the simplicity of
Momma’s stimuli, which might have resulted in relatively small integrative cost or revision
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effort. There was little reason for participants in the current study to have any uncertainty
over whether they had correctly understood the context.

While it was confirmed that N400 amplitude can be insensitive to argument roles at
least in the short condition time window, in the speeded cloze task people produced role-
appropriate verbs in the vast majority of cases both in the short condition and the long
condition. There was also a large contrast in the cloze probability when we specifically an-
alyzed the target verbs used in the EEG experiment. Importantly, the timing of the short
condition was carefully matched between the cloze experiment and the EEG experiment.
People had 800ms to process the context and activate likely continuations in the EEG ex-
periment, while they took 830ms on average in the cloze experiment, considering the time
required for post-lexical processes such as motor planning (350ms; Indefrey & Levelt, 2004).
It was well known that people can give appropriate, role-sensitive completions in standard
untimed cloze tasks. These have been used as a source of norming data for many prior EEG
studies. What is novel in our findings is that the same role sensitivity is also found when
speakers have much less time to respond, even when it is the same amount of time as in the
EEG study. Thus the difference between N400 and cloze measures cannot be simply reduced

to the contrast between online and offline comparisons, as has often been assumed.
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The mismatch between the EEG and cloze studies is surprising given the Simple Activation
Model, where the measures both reflect shared underlying pre-activation. This model was
motivated by the parallelism between the measures observed previously, and the linking

hypotheses for the different measures. It has been shown that the measures correlate with
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each other in most cases (Kutas & Hillyard, 1984; DeLong, Urbach, & Kutas, 2005; Nieuwland
et al., 2020). As discussed in the previous chapters, both N400 and cloze responses have been
widely considered to reflect pre-activation.

However the EEG and speeded cloze data in the current study tell different stories about
the influence of argument roles on lexical prediction. The absence of an N400 effect in
argument role reversals, as replicated in the short conditions of our Japanese EEG study,
has been taken to show that argument roles do not influence the pre-activation of upcoming
lexical items, at least not initially. On the other hand, participants frequently produced
role-appropriate responses and rarely produced role-inappropriate responses in the speeded
cloze task, even if the responses were elicited in a comparable time window as the short
condition of the EEG study. This suggests that argument roles impact the pre-activation
of lexical representations, resulting in greater pre-activation for role-appropriate verbs than
role-inappropriate verbs.

The puzzling mismatch between measures of pre-activation raises two questions: (i) Why
do we find contrasts between different measures of prediction, even though the timing and
the stimuli were carefully matched? (ii) Why do earlier and later presentations of contin-
uations result in the presence/absence of N400 effects? In this section, I first address the
possibility that people simply made different predictions in the cloze experiment and the EEG
experiment, and reject the possibility. Subsequently, I propose two hypotheses where people
pre-activate lexical candidates similarly across the tasks. However, one of them, the symmet-
ric pre-activation hypothesis, posits that pre-activation is matched for role-appropriate and
inappropriate candidates, whereas the asymmetric pre-activation hypothesis maintains that

role-appropriate candidates are pre-activated more strongly compared to role-inappropriate
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candidates.

(10000000 00000000000 0bbooo boogo
It is in principle possible that the differences in the tasks made participants generate role-
sensitive predictions in the speeded cloze task but role-insensitive predictions in the EEG
study. One potentially important difference between the tasks is that participants are not
presented with argument role reversal sentences in the (speeded) cloze studies, while most
other paradigms involve the presentation of such sentences (EEG studies, eye-tracking stud-
ies, and the lexical decision and read-aloud studies in Chapter 5) . Such explicit presen-
tations of role-inappropriate candidates might have biased them to not rely on argument
roles in pre-activating lexical candidates, because predictions based on argument roles are
frequently disconfirmed by argument role reversals in these experiments. On the other hand,
the (speeded) cloze task is free of such disconfirmation of predictions because participants
are not presented with argument role reversals or any other types of anomalous sentences. In
fact, some prior studies have shown that participants can make different predictions depend-
ing on their models of the experimental environment (e.g., how often they see semantically
related lexical items: Lau, Holcomb, and Kuperberg (2013)).

We tested if the presentation of argument role reversals is the crucial factor accounting
for the discrepancy between different measures in (Lee, Nakamura, Muller, & Phillips, 2022),
where we interleaved speeded cloze trials with comprehension trials including anomalous

sentences. Importantly, the participants did not know which type of trials they are in until

UO0000 OO0I0 00000000 [0 0000100000 000000000 000 0000000000000 00 00000000 0000 00000000 000000000 00
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they are asked for a cloze response or a comprehension question in each trial. Even though
argument role reversal sentences were presented, people produced as few role-inappropriate
responses as in the speeded cloze tasks without explicit presentations of argument role rever-
sals. Therefore, the presentation of argument role reversal sentences is unlikely to explain
the greater role-sensitivity in the speeded cloze task compared with EEG studies.

Although the presentation of role-inappropriate candidates is not the only potential dif-
ference between the tasks, at this point, there does not seem to be a compelling account that

can explain why people would generate role-sensitive predictions in the cloze tasks but not

in the EEG studies.
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I propose two alternative hypotheses to account for the timing and task-based discrepancies
in lexical prediction regarding argument roles: the symmetric pre-activation hypothesis and
the asymmetric pre-activation hypothesis. The accounts share the notion that there are two
stages of processing: (i) pre-activation of lexical representations, and (ii) the post-lexical
combinatorial processes. The two hypotheses differ in which process is sensitive to argument
roles. The symmetric pre-activation hypothesis attributes the role-insensitivity to the pre-
activation of the verbs. Initially, role-inappropriate verbs are activated to a similar extent as
role-appropriate verbs given the contexts (hence symmetric). N400 reflects this process rela-
tively transparently, and shows no contrast between the role-appropriate and inappropriate
verbs at least initially. However, there is a mechanism that monitors the plausibility of the
utterance meaning representations where a pre-activated lexical candidate is incorporated

into. This monitoring process rules out the role-inappropriate candidates in the cloze tasks
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or in EEG experiments with sufficient time. This is responsible for the N400 contrasts in
the long condition of the EEG study, and the role-sensitive productions in the speeded cloze
study regardless of the timing.

On the other hand, pre-activation is sensitive to argument roles in the asymmetric
pre-activation hypothesis and role-appropriate candidates are pre-activated more than role-
inappropriate candidates (hence asymmetric). The utterance meaning representations are
responsible for role-insensitivity, as some EEG studies on argument role reversals have ar-
gued (e.g., Kolk et al., 2003; Kim & Osterhout, 2005; Rabovsky et al., 2018). Under this
account, pre-activation is sensitive to argument roles, and there is a large contrast between
the pre-activation of role-appropriate and inappropriate verbs. The cloze task reflects this
and hence responses are predominantly role-appropriate. However, once a role-inappropriate
verb is presented and is retrieved (via bottom-up cues) in a comprehension task, it is as easy
to incorporate it into the combinatorial semantic representations as role-appropriate verbs,
and N400 amplitudes reflect such role-insensitive integration processes rather than lexical
access (van Herten et al., 2005; Rabovsky et al., 2018). Moreover, the role-inappropriate
verb might even trigger a heuristic interpretation ignoring the argument roles. For example,
people might interpret Q00000 000000 as “A bee stings something.” instead of “Something
stings a bee.” because the heuristic interpretation is way more plausible and attractive than
the literal interpretation. The absence of N400 effects might reflect the lack of semantic
anomaly in those cases (Kim & Osterhout, 2005; Li & Ettinger, 2023). Thus pre-activation
is sensitive to argument roles in the asymmetric pre-activation hypothesis, but N400 ampli-
tudes reflect role-insensitive combinatorial processes rather than pre-activation. Under this

account, these combinatorial processes would need to become role-sensitive given additional
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time.

Although the current EEG and speeded cloze experiments themselves do not provide
strong evidence for or against either hypothesis, the contrast between the short and the long
conditions in our EEG study is more straightforwardly consistent with the symmetric pre-
activation hypothesis than the asymmetric pre-activation hypothesis. The Japanese EEG
experiment controlled the time before the presentation of the target verb. Therefore, the
N400 effects found in the long condition must be attributed to the processes that unfold
before the presentation of the target verb rather than after it. While the symmetric pre-
activation hypothesis attributes the N400 effects to the pre-activation accumulated before
the presentation of the target verb, the asymmetric pre-activation hypothesis attributes them
to the combinatorial processes following the presentation of the target verbs. Therefore, the
timing contrast can be more straightforwardly explained by the symmetric pre-activation
hypothesis.

Furthermore, the symmetric pre-activation hypothesis is more consistent with studies
using other measures of pre-activation than the asymmetric pre-activation hypothesis. Con-
sistent with argument role reversal literature in EEG, a few studies have reported that eye-
tracking measures of pre-activation do not show sensitivity to argument roles, at least tem-
porarily. Kukona et al. (2011) used a visual world paradigm (VWP) and presented a set of
pictures including a picture of a role-appropriate candidate (e.g. thief) and a picture of a role-
inappropriate candidate (e.g. cop) to participants as they listened to sentences such as (17).
The participants looked at the picture of a cop as frequently as that of a thief before they
heard (000 in the sentence. Given the linking hypothesis for anticipatory looks in VWP intro-

duced in Chapter 1, this suggests that the role-appropriate I0IIl and the role-inappropriate
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000 were equally pre-activated. Burnsky (2022) also found role-insensitivity in argument role
reversals in eye movements while reading. Burnsky presented participants with sentences such
as (18), and he did not find any difference between (18a) and (18b) in skipping rates and the
first fixation times of UUUO0. Since skipping rates and first fixation times are considered to
reflect pre-activation, and since Burnsky found a difference between 00000 in go-past time,
which is thought to reflect processes later than lexical access, this finding suggests that U000
is pre-activated similarly in (18a) and (18b). These findings show patterns similar to N400
amplitudes and are consistent with the symmetric pre-activation hypothesis, if they indeed
reveal lexical pre-activation. On the other hand, they are not straightforwardly consistent
with the asymmetric pre-activation hypothesis, where pre-activation is sensitive to argument
roles. The asymmetric pre-activation hypothesis has to explain the role-insensitivity of the
eye-tracking measures despite the role-sensitive pre-activation, for example by revising the

linking hypotheses.

(17) Toby arrested the thief.

(18) a. The parent saw which child the lifeguard had saved in the pool on Saturday.

b. The parent saw which lifeguard the child had saved in the pool on Saturday.

However, these findings from other measures may not be critical evidence against the
asymmetric pre-activation hypothesis. First, while Kukona et al.’s study shows similar pat-
terns to EEG studies on argument role reversals, the stimuli are different from those EEG
studies or the current EEG and speeded cloze studies. Crucially, the target items in Kukona
et al. are arguments, and the verbs are provided in the context, unlike the prior EEG studies.

Although the exact contribution of verbs in the contexts is yet to be known, participants
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could have generated different predictions in Kukona et al.’s study compared to the EEG
studies. Second, there are some unexpected patterns found in Burnsky’s eye-tracking study.
Most EEG studies including the current study involve plausibility judgment immediately
after the presentation of the stimuli. Typically, participants judge argument role reversal
sentences to be implausible in about 80-95% of trials in these tasks (Kuperberg et al., 2003;
Kolk et al., 2003; Hoeks et al., 2004; Kim & Osterhout, 2005; Chow et al., 2018; Liao et al.,
2022). However, in Burnsky’s study, about half of the argument role reversal sentences such
as (18b) were judged to be plausible. This might suggest that participants did not compre-
hend the stimuli as accurately as in the EEG studies. Given these potential issues and that
the literature on argument role reversals using these measures is much smaller than those in
EEG, it is not clear how much they are consistent with the EEG findings on argument role
reversals, and so these findings should be taken with caution.

In order to further sharpen the symmetric pre-activation hypothesis, I propose a com-
putational model for this hypothesis and demonstrate that it successfully predicts the data
pattern obtained in the two experiments. In this model, role-inappropriate candidates are ac-
tivated just as much as role-appropriate candidates by the context. Once a candidate reaches
a threshold, a monitoring mechanism that checks for appropriateness is triggered, and the
role-inappropriate candidates are then detected and are inhibited. This account reduces the
sensitivity to argument roles to the issue of how often role-incompatible candidates reach
the threshold within a specific time limit to trigger the monitoring mechanism and to be
successfully detected. Either additional time for activation or a lowered threshold to quickly
produce a continuation would allow role-inappropriate candidates to reach the threshold.

The monitoring mechanism is related to the monitoring process in language production.
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Levelt (1983) claimed that people monitor their own speech in speech production and repair
the utterance when an anomaly is detected. This repair can be done not only on overt
speech but also on internal speech that is planned but not yet articulated. The monitoring
mechanism in lexical prediction can be considered as one form of such covert monitoring of

speech in language production, where the plausibility of the planned utterance is checked.

Oob Joooroo
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I developed a computational model of pre-activation of lexical candidates, building on the
Race model (Staub et al., 2015). Given a context, lexical items are activated in parallel, and
the candidate lexical item whose pre-activation reaches a threshold first (i.e. the “winner”
of the race) is produced as the cloze response. Because there is some amount of random
variation in the activation, the most likely continuations are produced often but not all the
time.

I take the basic race model and generalize and extend it to account for our findings in
argument role reversals. I generalize the model to also account for the EEG studies with
comprehension tasks. In comprehension tasks, lexical items are activated by context in the
same way as in the cloze task, until a continuation is presented. N400 amplitudes are op-
erationalized as the distance between the threshold and the amount of activation when the
continuation is presented (Figure 29). More importantly, the model has a monitoring mech-
anism that inhibits the activation of inappropriate candidates that reached the threshold.

Therefore the threshold in this model is considered as a trigger for the monitoring process.
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The structure of this model is almost identical to the step-by-step simulations in Sec-
tion 2.5. In the model, each candidate’s activation is updated in each 25ms-cycle. The
amount of activation each candidate accumulates is randomly determined by sampling from
normal distributions. While the parameter (i.e. variability) of the normal distributions is
kept constant, each candidate has different values for the parameters (i.e. mean). More
likely candidates have greater values for the parameters, so that they are more likely to
accumulate activation in each step.

Once a candidate reaches the threshold, a monitoring process checks for its appropriate-
ness in the context. When the winner is role-inappropriate, its activation is reduced to 0.
In comprehension tasks, this process of activation and monitoring continues until a contin-
uation is externally presented. On the other hand, in a cloze task the process ceases once
a role-appropriate candidate reaches the threshold and passes the monitoring process. That

candidate is produced as the cloze response.
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In this model, the rare role-inappropriate responses in the speeded cloze task are consid-
ered as last resort cases, when no role-appropriate candidate reaches the threshold within the
available response time window. In such cases, if there is a role-inappropriate candidate that
has reached the threshold but is rejected through the monitoring process, the model may
produce the role-inappropriate candidate rather than not producing anything. The detailed
processes are described below and in Figure 30."

While this model assumes identical activation processes for the speeded cloze task and
for EEG studies with comprehension tasks, the difference between the tasks is implemented
via the threshold for lexical activation. We propose that people set a lower threshold for
the speeded cloze task compared to the comprehension task in the EEG studies due to the
task demands of the speeded cloze task. Since participants are asked to provide a response
within a specific time window in the speeded cloze task, they would try to have a lexical
item that reaches the threshold before the end of the response time window. If they lower
the threshold, there is more chance that they have some lexical item to produce within the
response time window.

In our simulation, we focused on the contrast between the short condition of Momma
(2016)’s EEG study and (i) the long condition of the same study, and (ii) the short con-
dition of the speeded cloze study. This is because the absence of N400 effects in the short
condition is consistent with prior studies, and the other two findings diverge from the gen-
eral pattern and represent timing effects and task effects. We simulated 10000 races for

five pairs of role-appropriate and inappropriate candidates with the same mu parameters
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(= 0:024;0:0215; 0:019; 0:0165; 0:014) and the same sigma parameter ( = 0:01). We set
different thresholds for the comprehension task (1) and the production task (0.8).

In the comprehension task, the model was presented with either the best role-appropriate
or inappropriate candidate (i.e. the one with the best parameters of 0.024) at 800 ms (i.e.
32nd cycle) or 1200 ms (i.e. 48th cycle) after the beginning of the race. The N400 amplitude
was modeled by subtracting the activation of the presented candidate from the threshold of
1 at either timing. In the production task, the model keeps track of the role-inappropriate
candidates that were rejected by the monitoring mechanism. If no role-appropriate candidate
reached the threshold by the deadline but there is a role-inappropriate candidate that was
rejected, the model produces the rejected candidate 25% of the time and does not produce
anything in the remainder of the cases (Figure 30). This ratio was chosen so that the model
does not provide responses in about the same proportion of trials as humans (c.f. there were
22.1% no-response or late-response trials in the short condition of the human cloze data).
The model’s response (or non-response) was recorded for each trial, and we computed the
proportion of role-appropriate and role-inappropriate responses. All other parameters were

determined to make the simulation match the human data in the current studies.
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The model expects that either additional time in the comprehension task or a low-
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ered threshold in the production task should result in more successful inhibition of role-
inappropriate candidates. As illustrated in Figure 31a, additional time for activation would
allow role-incompatible candidates to reach the threshold and be detected and inhibited by
the monitoring process. Similarly, Figure 31b shows that a lowered threshold in the pro-
duction task also allows more successful inhibition of role-inappropriate candidates given the

same amount of time.
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In this version of the model, competing items accumulate activation independent of one
another, with no lateral inhibition between them, as also assumed by Staub et al. (2015).
This contrasts with evidence for lateral inhibition mechanisms in Chapter 2, as well as in
another speeded cloze study (Ness & Meltzer-Asscher, 2021b) and studies of lexical access
in comprehension and production (Dahan et al., 2001; Chen & Mirman, 2012). The current
model leaves aside this mechanism in the interest of simplicity of exposition. However, we also
conducted simulations that incorporated a lateral inhibition mechanism, yielding comparable

results (see Appendix 1).
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We report the model-simulated N400 effects and the proportion of role-appropriate responses.
Figure 32 shows the distance between the threshold and the activation of the presented
candidates, which is assumed to be reflected in N400 amplitudes. The contrast between role-
appropriate and inappropriate candidates was smaller for the short condition and greater for

the long condition, successfully capturing the N400 patterns in our EEG experiment.
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In the production task, the responses generated by the model were overwhelmingly role-
appropriate (93.2%) and role-inappropriate responses were rare (6.8%). No responses were
produced in 17.5% of trials, which is comparable to the proportion in the human cloze data

(22.1%). Thus the model also successfully predicted the human data pattern in our cloze

task.
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In the current studies, I investigated a potential case where different pre-activation measures
do not align with each other. Many EEG studies have shown that N400 effects are absent in
argument role reversals (Kolk et al., 2003; Kuperberg et al., 2003; Hoeks et al., 2004; Kim
& Osterhout, 2005; Oishi & Tsutomu, 2010; Chow, Smith, et al., 2016; Chow et al., 2018;
Liao et al., 2022), which suggests that argument roles do not influence lexical pre-activation.
On the other hand, it is known that offline cloze probability is sensitive to argument roles
(Chow, Smith, et al., 2016; Chow et al., 2018; Liao et al., 2022) and potentially in the speeded
cloze task (Chow et al., 2015). Such a discrepancy between pre-activation measures could be
caused by the difference between the measures or the tasks or by the difference in online and
offline measures of prediction.

In order to identify the role of the task and timing manipulations, I reanalyzed an EEG
study of Momma (2016) that used maximally simple Japanese stimuli and ran a speeded cloze
experiment closely matched with it in terms of the time course. The experiments replicated
the widespread finding that role reversals fail to elicit an N400 effect, when the verb appears
shortly after the context argument(s). They also corroborated the finding that role reversals
elicit an N400 effect when there is additional time between the context argument(s) and the
verb. 1 also found clear evidence for role sensitivity, even without additional time, when
pre-activation was measured via a speeded cloze task. Thus there are two closely related
contrasts in argument role (in)sensitivity to be explained. One is about timing, and the
other is about measures.

We offered two hypotheses to account for these contrasts that highlight the distinction
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between the context-driven lexical activation and the integration of the lexical representa-
tions. Ome of them attributes the role-insensitivity to the lexical activation stage and the
other attributes it to the integration stage. Our computational modeling offers a proof of
concept demonstration for the former hypothesis where context-driven activation is initially
insensitive to argument roles, but role insensitivity arises when role-inappropriate candidates
reach a threshold, detected by an evaluation mechanism, and are successfully inhibited. This
is more likely to occur when additional time is available for activation to accumulate towards
a threshold in a comprehension task. It is also more likely when the threshold for evaluation

is lowered due to the task demands in a speeded cloze paradigm.
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The current EEG study strengthens the evidence from Chow et al. (2018) that additional
time yields role sensitivity in EEG paradigms. An advantage of the simple Japanese sentences
used in our study is that they made it possible to implement a “pure” timing manipulation,
in which the short and long conditions differed only in the length of the time interval between
the context noun and the target verb.

The findings are inconsistent with some existing accounts of the lack of N400 effects in
role-reversal sentences. One approach attributes role insensitivity in the N400 component to
a failure to parse the context fast enough to identify the argument roles of the items in the
context. Our findings cast doubt upon this approach because we observed role-insensitivity
in N400s following exceedingly simple contexts, which speakers are unlikely to struggle to
parse. Furthermore, I found role sensitivity in responses to the same context, on the same

time scale, when the task involves a speeded cloze response. This suggests that argument
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roles must be identifiable by the time when N400 is elicited or cloze responses are planned.
Another family of approaches attributes the role insensitivity in the N400 component
to consideration of unsupported but highly attractive verb-argument pairings. A variant of
this approach, proposed by Kuperberg (2016), proposes that argument role information in
the context is selectively ignored in prediction processes, specifically in cases where ignoring
the role information more readily yields a continuation than taking the role information
into account. For example, just the set or a sequence of {waitress, customer} may provide
constraining predictions for the continuation, because it is very likely for a waitress to serve
a customer. On the other hand, the full set of cues {customer-agent, waitress-patient}
may result in less constraining prediction about the continuation because there may not
be very likely events involving customer-as-agent and waitress-as-patient. In that situation
people might rely more on the mere set or sequence of the arguments, excluding their roles,
because they result in more constraining predictions and hence are more reliable. This is
an unlikely account of the role insensitivity observed in the Japanese materials, where the
context consists of a single noun and a case marker. It seems unlikely that people can generate
more constraining predictions given the single arguments without roles such as U, than the

combination of arguments and roles such as ll-as-agent.
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We highlighted two kinds of approaches to the contrasting profiles of role (in)sensitivity in our
studies. We used an implemented computational model to simulate one of these approaches,

in which initial activations are role insensitive, and where role sensitivity is the result of a
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serial evaluation process. Our simulation serves as a proof of concept demonstration of that
account, rather than as evidence that it is the preferable account. However, this simulation is
consistent with existing accounts that assume initial role-insensitive pre-activation of lexical
candidates.

Brouwer, Fitz, and Hoeks (2012); Brouwer et al. (2017) attribute insensitivity to lexical
activation caused by simple association and scenario-based world knowledge. That is, DIIO0 is
activated by J000000 because (i) 000 and 00000 are associated, and (ii) 00000 is likely to appear
in a scenario where [l is involved. The role-sensitive evaluation mechanism in our model
can be understood as an additional process that constrains this association-based activation.

A related but slightly different account by Chow, Momma, et al. (2016) attributes role-
insensitivity of N400 to event memory search. They suggest that lexical prediction requires
retrieval of likely events from the long-term memory, and that argument roles might not be
able to be used for retrieval of event memories. As one possible mechanism for this, they
suggest that thematic roles might be encoded in event-specific manners such as stinger or
stingee rather than abstract thematic roles such as agent or patient. With such memory
representations, people can only search their memory using the arguments without roles as
cues. They argue that events retrieved by such a role-insensitive memory search are rejected
in some indirect manners, which takes some additional time. Our model can be taken as an
extension of their suggestion that provides a concrete mechanism for this rejection process
and simultaneously accounts for the cloze data.

These accounts are similar in that they attribute the lack of N400 contrasts between
role-appropriate and inappropriate items to role-insensitive mechanisms of pre-activation.

Furthermore, Liao et al. (2022) argue that both simple association and event memory search
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contribute to the role-insensitive pre-activation but with different timing profiles.
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Our assumption of a serial evaluation process that leads role-inappropriate candidates to
be inhibited looks like a departure from other existing models, but we see a number of
precedents. Although accounts of prediction in language processing tend to focus on the
parallel activation of multiple promising candidates, this cannot be the whole story. There
must be additional steps that apply to specific individual candidates following the parallel
actlivation.

In production, Staub et al. (2015)’s race model assumes the notion of an activation
threshold, corresponding to the point at which a lexical candidate has accumulated sufficient
activation for it to be ready for phonological processing. In this approach, the first item
to reach the threshold is the one that gets articulated. The only addition in our account
here is the suggestion that reaching this threshold also triggers an evaluation (or monitoring)
process, which is a standard component of production models (e.g. Levelt, 1989).

In comprehension, too, simply pre-activating multiple lexical continuations cannot be
enough. There must eventually be a point at which an individual item is integrated into
the representation of the context. This could happen at the point when the actual incoming
word is presented. But there is also interesting evidence that this process sometimes occurs
before the presentation of continuations, in situations in which the comprehender has a
high degree of confidence in an individual predicted continuation. Such early integration
has been called pre-updating (e.g., Lau et al., 2013; Ness & Meltzer-Asscher, 2018, 2021a).

The prior studies have found P600 effects at words preceding highly predicted continuations,
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suggesting that the continuation is integrated before its presentation. Our model is consistent
with this literature, but instead of assuming that a lexical item is sent to the integrative
process immediately after reaching the threshold, the model has an additional mechanism that
evaluates the plausibility of the lexical item in the semantic representation of the sentence.

The parallelism of our model and pre-updating makes an empirical prediction that there
should be late positivity in the context noun of the plausible-long condition of the EEG
study compared to that of the plausible-short condition, because additional time would allow
role-appropriate candidates to reach the threshold and to be integrated into the sentential
semantic representations. However, our current dataset cannot assess this prediction because
if additional time allows more pre-updating, most of them should occur 800-1200ms after the
presentation of the context noun. We do not have EEG data for this time window for the
short condition, because participants had already been presented with the target verb by the
time. Therefore, examination of this empirical prediction is left for future studies.

There is in fact a recent finding that supports the existence of the common monitoring
mechanism in the speeded cloze tasks and the comprehension tasks in EEG studies. Lee
and Phillips (2023) observed N400 effects for argument role reversals in an EEG experiment
with comprehension tasks when speeded cloze trials were interleaved. Two points should be
highlighted about their experiment. First, participants did not know if they were in a cloze
trial or a comprehension trial until they were asked to provide a continuation or the sentence
ended. Second, they observed the N400 effects in the comprehension trials, where they used
the same stimuli as a prior EEG study on argument role reversals. This is consistent with the
monitoring hypothesis that attributes the differences between the cloze studies and the EEG

studies to the differences in the threshold. The interleaved cloze trials would generally lower
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the threshold for the monitoring process because they did not know which type of trials they
are in. Then role-inappropriate candidates in the comprehension trials, as well as the cloze
trials, would be detected and inhibited by the monitoring mechanism. Thus the monitoring

hypothesis seems to be supported by this study.

In the current study, we investigated potential misalignment of pre-activation measures
in argument role reversals. The closely-matched EEG and cloze studies replicated the N400
amplitudes’ insensitivity to argument roles in the short condition of the EEG study, but
also showed that people show sensitivity to argument roles (i) with additional time in the
same EEG study or (ii) at the same moment in a cloze paradigm. This raises a question
of why different measures of pre-activation or different timing result in different sensitivity
to argument roles. I proposed two hypotheses to account for the mismatch in pre-activation
measures that attribute role insensitivity to different processes of lexical and semantic pro-
cessing. In the symmetric pre-activation hypothesis, N400 amplitudes reflect the matched
pre-activation for role-appropriate and inappropriate candidates, while cloze responses are
mostly role-appropriate because role-inappropriate candidates are inhibited by a monitoring
mechanism. In the asymmetric pre-activation hypothesis, cloze responses reflect the greater
pre-activation for role-appropriate candidates, but later integrative processes are insensitive
argument roles, which is reflected in N400 amplitudes.

While the symmetric pre-activation hypothesis has some advantage over the asymmetric
pre-activation hypothesis, there is no conclusive evidence for either hypothesis at this point.
In the following chapters, I seek evidence to evaluate the two hypotheses. In Chapter 4, I will

show that role-inappropriate candidates are activated to some extent in the speeded cloze
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task. In Chapter 5, I will show through other pre-activation measures that role-inappropriate

candidates can be as pre-activated as role-appropriate candidates.
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In the previous chapter, the Japanese EEG and cloze studies showed that different pre-
activation measures do not align with each other in argument role reversals, even when the
time courses and stimuli are matched. In the EEG study, N400 amplitudes for the same
verbs as role-appropriate continuations and role-inappropriate continuations were matched
when the verbs were presented with a short delay after the presentation of the context.
Under widespread assumptions about the N400, this suggests that the role-appropriate and
inappropriate verbs are at least temporarily pre-activated to the same extent, despite the
apparent contrast in their predictability. On the other hand, in the speeded cloze task, role-
appropriate responses were much more frequent than role-inappropriate responses, suggesting
that they are differently activated. This was the case even when participants were urged to
produce cloze responses in the same time window as in the EEG study where N400 amplitudes
were matched for role-appropriate and inappropriate continuations. These findings in the two
pre-activation measures are consistent with the large prior literature in each measure (EEG:
Kolk et al., 2003; Kuperberg et al., 2003; Hoeks et al., 2004; Kim & Osterhout, 2005; Oishi
& Tsutomu, 2010; Chow, Smith, et al., 2016; Chow et al., 2018; Liao et al., 2022; online
and offline cloze task: Chow et al., 2015; Chow, Smith, et al., 2016; Chow et al., 2018;
Liao et al., 2022). They also provide strong evidence that the discrepancy between cloze
probabilities and N400 amplitudes in argument role reversals cannot be attributed to the
timing differences, as has been suggested previously (e.g., Chow et al., 2018).

I proposed two competing hypotheses regarding the apparently inconsistent findings from
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the EEG studies and the cloze studies. One of the two hypotheses is the asymmetric pre-
activation hypothesis. Under this hypothesis, the pre-activation of lexical candidates is
not sensitive to argument roles. While N400 amplitudes relatively transparently reflect the
matched pre-activation for role-appropriate and inappropriate candidates, role-inappropriate
responses in the cloze task are prevented by a mechanism that monitors the plausibility of
the utterance. The other hypothesis is the asymmetric pre-activation hypothesis, where the
pre-activation process is sensitive to argument roles. Under this hypothesis, cloze responses
reflect such role-sensitive pre-activation, but N400 amplitudes reflect later integrative pro-
cesses that are not sensitive to argument roles.

As a first step in evaluating the two hypotheses, in this chapter, I demonstrate that
the pre-activation mechanisms are not completely role-sensitive and that there is at least
some pre-activation for role-inappropriate candidates. While this is fully consistent with the
symmetric pre-activation hypothesis, it is inconsistent with a strong version of the asym-
metric pre-activation hypothesis, according to which there is little or no activation for role-
inappropriate candidates.

As a different approach in this chapter, I exploit the between-context variability in
the availability of role-inappropriate candidates to investigate the role-inappropriate pre-
activation. If role-inappropriate candidates are pre-activated, some contexts may have more
tempting and stronger role-inappropriate candidates with high pre-activation rates (“lures”;
e.g.,000 for (19)), while others may not have salient role-inappropriate candidates (e.g.,(20)).
I conducted two speeded cloze experiments with English argument role reversal stimuli, taken
from prior EEG studies (Chow, Smith, et al., 2016; Ehrenhofer et al., 2019) and demonstrate

that such between-context variability in the availability of role-inappropriate candidates in-
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fluences (i) the role-appropriate RTs and (ii) the proportion of role-inappropriate productions,

suggesting that they are in fact pre-activated.

(19) The restaurant owner forgot which customer the waitress had ...

(20) The parent saw which child the lifeguard had ...

First, pre-activation of role-inappropriate candidates should influence the production la-
tencies of role-appropriate responses. As demonstrated in Chapter 2, pre-activated lexical
candidates appear to inhibit each other. Therefore, role-inappropriate candidates should
impose inhibition on the role-appropriate candidates and should slow down the responses,
even if the role-inappropriate candidates are not produced. I demonstrate that contexts
that are estimated to have more pre-activation for role-inappropriate candidates have slower
role-appropriate RTs compared to contexts without tempting role-inappropriate candidates.
This provides evidence that role-inappropriate candidates are activated to the extent that
they can inhibit role-appropriate candidates and slow down the role-appropriate responses.
Second, if role-inappropriate candidates are pre-activated such that they can win races at
least occasionally, contexts with stronger role-inappropriate candidates should have more
role-inappropriate productions. I demonstrate that this pattern is observed in the speeded
cloze experiments. Combining these two types of evidence from context-wise variability in
the availability of role-inappropriate candidates, I argue that role-inappropriate candidates
are pre-activated to the extent that they can inhibit role-appropriate candidates and can win

races at least occasionally.
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The aim of this study was to test if there is some degree of role-insensitivity in pre-activation
and if role-inappropriate candidates are pre-activated. However, the fact that role-inappropriate
responses are rare makes it difficult to test this with the available speeded cloze data. Role-
inappropriate responses accounted for about 6% of the short condition responses in the
previous Japanese speeded cloze experiment (Chapter 3). These 6% responses might re-
flect a small but general pre-activation for role-inappropriate candidates. For example, a
role-inappropriate candidate with 3% cloze probability might win 3% of races just like a role-
appropriate candidate with the same cloze probability. Alternatively, this could mean that
they are highly pre-activated, but in 6% of trials they are produced despite the monitoring
mechanism. These accounts of role-inappropriate productions agree that role-inappropriate
candidates participate in basically every race, even when role-appropriate candidates are pro-
duced. They are not produced frequently, either because their pre-activations do not reach the
threshold before their competitors, or because the productions are prevented by a monitoring
mechanism. However, it is also possible that role-inappropriate candidates are generally not
considered but that there are 6% of exceptional trials where the role-inappropriate candidates
are pre-activated and produced. For example, participants might misinterpret the context
(21a) as (21b) and produce 000000 in some trials. Given the small number of trials where
role-inappropriate responses are produced, it is not clear whether these role-inappropriate
responses in fact reflect sufficient pre-activation for production, or whether they reflect zero
or minimal pre-activation but with occasional errors outside of the normal race process.

In order to test if there is general pre-activation for role-inappropriate candidates, I use
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between-context variability of the strength of role-inappropriate lures and demonstrate that
lures systematically affect cloze responses. If role-inappropriate candidates are pre-activated,
some contexts may have tempting but role-inappropriate candidates (e.g., Il for (21a), while
others may not have such tempting role-inappropriate candidates (e.g., (22a)). If there is pre-
activation for role-inappropriate candidates, those candidates should influence cloze responses

in multiple ways.

(21) a. The restaurant owner forgot which customer the waitress had ...

b. The restaurant owner forgot which waitress the customer had ...

One way in which the role-inappropriate candidates can influence cloze responses is
through lateral inhibition. Simulations in Chapter 2 provided evidence for lateral inhibi-
tion between pre-activated candidates. The original race simulations by Staub et al. (2015)
failed to capture the slow low-cloze responses observed in their speeded cloze data. I demon-
strated that such patterns can be explained by an additional assumption of lateral inhibition
in the pre-activation mechanisms, which has independent support in the bottom-up lexi-
cal access literature. Given this finding, if role-inappropriate candidates are pre-activated,
role-inappropriate lures should inhibit other competitors. In particular, role-appropriate re-
sponses should be produced more slowly if they are competing with stronger lures compared
to role-appropriate candidates competing with weaker lures. Therefore, we can test for pre-
activation of role-incompatible candidates via inhibitory effects on role-compatible responses,
even if they are rarely uttered. Such inhibitory effects on role-appropriate RTs provide strong
evidence that role-appropriate candidates are generally participating in races.

Another way to test for pre-activation of role-inappropriate candidates is through the
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proportion of role-inappropriate responses that are produced. If the role-inappropriate re-
sponses in the cloze task reflect occasions on which they win races, there should be more
role-inappropriate responses in contexts with stronger lures.

I propose that the strength of lures in a context can be estimated from the strength
of the same lexical items as role-appropriate candidates in the context with the alternative
word order (henceforth the “alternative context”). When a lexical item is strong as a role-
appropriate competitor, presumably it is also strong as a role-inappropriate competitor in a
context with the alternative word order (henceforth the “alternative context”). Then, when
a context has strong role-inappropriate lures, it is likely to have strong role-inappropriate
competitors in the alternative context. For example, the context (21a) seems to have tempting
lures such as 110, and they are competitive role-appropriate candidates for (21b). On the other
hand, there are no tempting role-inappropriate candidates for (22a), presumably because
there is no salient role-appropriate candidates for (22b).

Based on the findings from Chapter 2 that the average of all RTs given the context can
be used as a context-level measure of the availability of candidates, the lure strengths of each
context can be estimated by mean RTs for all role-appropriate responses in the alternative
contexts. For example, the lure strengths in (21a) can be estimated based on the mean
RTs of role-appropriate responses in (21b). The difference in the availability of tempting
lures between (21a) and (22a) can be captured by the difference in the mean RTs for role-

appropriate responses between (21b) and (22b).

(22) a. The parent saw which child the lifeguard had ...

b. The parent saw which lifeguard the child had ...
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One might be concerned that if pre-activation is role-insensitive and if there is a mon-
itoring mechanism, as proposed in Chapter 3, cloze measures might not be able to reveal
the availability of candidates, because role-appropriate RTs would be skewed by the moni-
toring processes. However, even in such cases, mean cloze RTs are still useful context-level
measures. Contexts with stronger role-appropriate candidates are still associated with on av-
erage faster role-appropriate responses, because stronger role-appropriate candidates can win
quickly and also prevent role-inappropriate candidates from winning races. Therefore, even
if pre-activation might be role-insensitive, and there might be a monitoring mechanism, cloze
RTs can still be used to estimate context-wise variability in the strength of role-appropriate
candidates or lures.

In Experiment 4-1, I tested the pre-activation of role-inappropriate candidates via the
context-wise variability in the lure strengths. 1 collected speeded cloze data using Chow,
Smith, et al. (2016)’s stimuli. Chow, Smith, et al. conducted an EEG study where they used
sentence pairs such as (23) and found that there is no contrast in N400 amplitudes for 000000,
I obtained the lure strength for each context as the mean RTs of the alternative context, and
tested if that covaries with the RTs of role-appropriate responses and the proportion of role-
inappropriate responses. The results show that role-inappropriate candidates are in fact

pre-activated.

(23) a. Therestaurant owner forgot which customer the waitress had served during dinner

yesterday.

b. The restaurant owner forgot which waitress the customer had served during dinner

yesterday.
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84 native American English speakers were recruited online on the crowdsourcing platform
Amazon Mechanical Turk. Participants received monetary compensation. Five participants’
data were not analyzed due to missing or unclear recordings, or not performing the task.
Additionally, eleven participants were excluded from the data due to unsatisfactory perfor-
mance as described in the Exclusion section below. This left 68 participants for analysis (36

females and 32 males; average age = 41.0).

100000000

We used 60 pairs of experimental items from Chow, Smith, et al. (2016) such as (24). Unlike
the EEG experiment, each stimulus ended at the word preceding the target verb. Partici-
pants instead provided a word that was a natural continuation of the presented context as
quickly as possible. Therefore, the same experimental item appeared in two different word
orders (e.g., (21)). The 60 stimuli in the two word orders were distributed across two lists
and assigned to participants using the Latin Square method. Additionally, 70 fillers were
created based on the filler items used in Chow, Smith, et al. (2016). The original sentences

were cut off in the middle so that participants could produce continuations.

0o0oooooo
The experiment was conducted via the online experiment platform PClbex (Zehr & Schwarz,

2018). In each trial, a fixation cross was presented on the center of the screen for 800ms.
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Each word of the sentence fragment appeared word-by-word in black font color on the center
of the screen. Each word was presented for 300ms and was followed by a blank screen pre-
sented for 230ms, which were the same as Chow, Smith, et al. (2016). Therefore the stimulus
onset asynchrony (SOA) was 530ms. Participants were instructed to articulate a natural
word as a continuation as quickly as possible after the final word of the sentence fragment
was presented, which was indicated by red font color. The audio was recorded for 3000ms
following the presentation of the final word, and then a text indicating the end of the trial
was presented. The responses were recorded by PClbex and were automatically sent to a

server for data collection.

(0000 O0000000O

The recordings were first automatically transcribed and coded for onsets using the TransCloze
pipeline developed by the author. This pipeline uses the Google Cloud Speech-to-Text API
for automatic transcription of the speech data and Chronset (Roux, Armstrong, & Carreiras,
2017) for automatic detection of speech onsets. The transcriptions and the detected onsets
were then manually corrected by the author using Praat (Boersma & Weenink, 2023), through
both listening to the audio and visually inspecting the spectrograms. The coder had access
to the arguments of the produced verbs, but the order of the arguments was kept constant for
both sentence fragments of each pair, regardless of the actual word order in the experiment.
For example, the coder was presented with {waitress, customer} for both (21a) and (21b).
This helped the coder transcribe each response with contextual information but without
biases based on argument roles.

Subsequently, an undergraduate RA whose native language is American English coded
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each response. In this process, ungrammatical responses were flagged and removed from the
further coding processes. Then each of the remaining responses was presented with the exact
context in which it was produced as a continuation and the alternative context. The coder
checked each response and judged if it was clearly more plausible in either of the two con-
texts, whether it was equally plausible in the two contexts, or whether it was not plausible
in either context. In order to avoid biases, the coder did not know which of the two contexts
was the actual context in which the response was produced. Finally, each response was then
automatically coded based on the manual coding in the following way. Responses produced
with the (clearly) more plausible word order were coded as role-specifically appropriate. I
will refer to this category as role-specific for simplicity. Other responses produced with the
(clearly) less plausible word order were coded as role-inappropriate. Responses that were
equally plausible in either word order were coded as neutral. Responses that were not plau-
sible in either word order were flagged for the exclusion process described below and were

later removed from analyses.

000000000

I identified participants who failed to follow the instructions by inspecting their performance.
I counted trials with no response, non-word responses, ungrammatical responses, or responses
that are implausible in either word order. The trials where participants articulated the
context word(s) were also flagged as anomalous trials. This was because the cloze reaction
times might be affected by the articulation of those context words and participants were

instructed to avoid doing that.”
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All participants who had 33% or more of those anomalous trials were excluded. Because
participants can, in principle, complete the experiment by producing the same verb in dif-
ferent trials, regardless of the context, they were explicitly instructed to avoid producing the
same verb in many trials. In order to detect participants who did not follow this instruc-
tion, I counted the number of each continuation produced by each participant. I excluded
participants who produced the same continuation in more than 25% of trials. Eleven par-
ticipants were excluded following these criteria, leaving 68 participants. Finally, I excluded
individual anomalous trials for the remaining participants. These exclusion processes left

3337 responses, which corresponds to 81.8% of all responses from the 68 participants.

aoood - Lodnoog

All the statistical analyses below used linear mixed-effects models with the Imer function or
binomial generalized linear mixed-effects models with the glmer function of the Ime4 package
(Bates, Méachler, Bolker, & Walker, 2015) and lmerTest package (Kuznetsova, Brockhoff, &
Christensen, 2017) of the statistical analysis software R (R Core Team, 2020). I included the
maximal random effects structure for subjects and items that converged. The fixed effects

were different for each analysis, but they were all centered on their means.
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59.2% of the responses were role-specific, 26.5% were neutral, and 14.3% were role-inappropriate.
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Role-specific and neutral responses (role-appropriate responses) accounted for the majority
of the responses (85.7%). While there were more role-inappropriate responses in this ex-
periment than in the previous Japanese speeded cloze study, the overall pattern that most

responses were role-appropriate was replicated.

(00000000000 0000000eD 00 OO0 00 bObib00o00oIooo boooDoooo

Figure 33 illustrates the relationship between the role-appropriate RTs and the mean RTs of
all role-appropriate responses in the alternative contexts (henceforth the alternative mean
RTs). I conducted a statistical analysis using a linear mixed-effects model of RTs of role-
appropriate responses in individual trials. In addition to the alternative mean RTs, I included
the cloze probability of each response and its interaction with the alternative mean RTs. This
is to account for the within-context variability of RTs, which cannot be accounted for by the
alternative mean RTs. The analysis revealed a significant effect of the alternative mean RT
(= 0:62;p <:001), suggesting that stronger lures (shorter alternative mean RTs) resulted
in slower role-appropriate responses. The black line in Figure 33 shows the coefficient of this
fixed effect. There was also a significant effect of the cloze probability ( = 0:61;p < :001),
replicating the negative correlation between cloze RT and cloze probability (Staub et al.,
2015). The interaction between the alternative mean RT and the cloze probability was not

significant ( = 0:28;p = 0:48).

(00000000000 0000000eD 0o 000 0oioobbo0ooooioot 0oooboooo
The proportions of role-inappropriate responses are plotted in Figure 34 as the color of

each dot. I also plotted the mean RTs of the role-appropriate responses produced in each
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context, which is another type of context-wise variability that is expected to influence the
production of role-inappropriate responses. If there are stronger role-appropriate candidates,
there should be fewer role-inappropriate responses, because the role-inappropriate candidates
should be less able to win races. The x-axis shows the mean RT of the role-appropriate
responses produced in each context, and the y-axis shows the mean RT of role-appropriate
responses produced in its alternative context. The color of the dots indicates the proportion of
role-inappropriate responses. As can be seen in the figure, there were more role-inappropriate
responses in contexts with shorter alternative mean RTs (i.e. stronger lures), indicated by
green to orange dots. In general, there were more role-inappropriate responses in the contexts
with longer mean RTs (i.e. stronger role-appropriate candidates).

A statistical analysis using a binomial generalized linear mixed-effects model of the role-
inappropriateness of each response revealed significant effects of the mean RTs of the context

itself (= 2:97;p <:001) and the mean RTs of the alternative context ( = 4:39;p < :001).
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These suggest that stronger lures or weaker role-appropriate competitors result in more pro-
duction of role-inappropriate responses. Additionally, there was an interaction between the
two effects (= 7:28;p < :001). Figure 35 illustrates the model prediction to facilitate the
interpretation of the interaction. There seems to be a consistent pattern showing that con-
texts with stronger role-inappropriate candidates are associated with more role-inappropriate
responses, as expected. Contexts with weaker role-appropriate candidates are also associated
with more role-inappropriate responses, which was also expected. However, this pattern re-
garding the role-appropriate candidates is reversed in the data with strong lures (i.e. the
bottom of the figure). I suspect that this arises from the lack of data points with both short

mean RTs and alternative mean RTs (the bottom-left corner of Figure 35).
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The results showed that contexts with stronger lures have slower role-appropriate responses
and more role-inappropriate responses. These patterns can be straightforwardly explained
if role-inappropriate candidates are pre-activated enough to inhibit role-appropriate candi-
dates or to be produced occasionally. In particular, the analysis of role-appropriate RTs
provides a new kind of evidence for role-insensitive pre-activation, because it shows that
role-appropriate responses, which account for the majority of the cloze responses, are never-
theless affected by the pre-activation of their role-inappropriate competitors. This suggests
that role-inappropriate candidates are activated even in trials where they are not produced.

However, the finding about the impact of role-appropriate RTs should be taken with
caution, because the observed pattern could have been caused by the specific choice of stimuli.
In most of Chow, Smith, et al. (2016)’s stimuli pairs, only one of the paired contexts had
strong role-appropriate candidates. For example, [000J is a role-appropriate response for
(22a) with a high cloze probability and short RTs (cloze probability: 77.4%, mean RT for the
response: 1086ms). On the other hand, in its alternative context (22b), the fastest response
produced by more than three participants is 0000 (cloze probability: 16.7%, mean RT for the
response: 1808ms). It is indeed difficult to create stimuli that have strong role-appropriate
candidates with either word order. In fact, as can be seen from Figure 34, there are no
contexts that have both short mean role-appropriate RTs and alternative mean RTs (i.e. no
dots in the bottom left corner). Given this, role-appropriate RTs might have been slower
when there are strong lures not because the lures inhibited the appropriate candidates, but

because there were simply no strong role-appropriate candidates.
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In order to address the possibility that one of the findings in Experiment 4-1 was caused by
the nature of the stimuli rather than by the pre-activation of role-inappropriate candidates, I
replicated these findings with a different set of stimuli. Specifically, I used context pairs with
strong role-appropriate continuations in either word order created by Ehrenhofer et al. (2019).
Ehrenhofer et al.’s experiment was very similar to Chow, Smith, et al. (2016)’s study, both
in terms of the design and the stimuli, but they used context pairs that had matched offline
modal cloze probabilities. For example, (24a) has a highly predictable continuation of JI0000O
and (24b) also has 00000. Although the modal cloze probabilities might not provide the best
estimates of the availability of candidates (see Chapter 2), these stimuli can have both strong
role-appropriate candidates and strong lures. A speeded cloze study with such stimuli can

therefore provide better evidence for role-inappropriate pre-activation than Experiment 4-2.

(24) a. The cattle rancher remembered which bull the cowboy had ...

b. The cattle rancher remembered which cowboy the bull had ...

It should be noted that Ehrenhofer et al.” study was different from other EEG studies
on argument role reversals including Chow, Smith, et al.’s study in that they found N400
effects for the role-inappropriate verbs, which was also confirmed by another experiment. I

will discuss this in more detail in Chapter 6.
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80 native American English speakers were recruited in the same way as in the previous ex-
periment. Three participants’ data were not successfully uploaded to the server and were
removed from analyses. Five participants’ data were not analyzed due to multiple submis-
sions by the same person. Four additional participants were removed for not following the
instructions. Finally, three participants were excluded from the data due to unsatisfactory
performance as described in the Exclusion section below. This left 64 participants for anal-

ysis (32 females and 32 males; average age = 40.9).

100000000

We used 60 pairs of experimental items from Ehrenhofer et al. (2019) such as (24). One
noun phrase in an original pair was replaced with a less sensitive expression with minimal
change in the meanings of the sentence. Ehrenhofer et al. (2019) used four experiment items
that were also used in Chow, Smith, et al. (2016), and I included these stimuli in the current
experiment. I used the same 70 filler items as the previous experiment. These filler items

were used to confirm that the two experiments are comparable.

000b0oooo
The procedure was identical to the previous experiment, except for the instructions. While
participants were instructed to articulate a natural word as a continuation as quickly as pos-

sible in the previous experiment, participants in this study were instructed to complete each
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sentence fragment as quickly as possible. This was because there were more multiple-word
expressions in the target verbs Ehrenhofer et al. (2019) used compared to Chow, Smith, et
al. (2016), and their offline cloze norming survey asked the participants to complete sentence
fragments. I later demonstrate that this slight change in the instructions had minimal impact

on the way participants were engaged in the task.

J000 DOoDooooooon
The recordings were processed in the same way as the previous experiment, except that an
undergraduate RA corrected the initial transcription and onsets generated by the TransCloze

pipeline.

Qooooing
Participants and anomalous trials were excluded in the same way as the previous experiment.
This left 64 participants and 3222 responses, which corresponds to 83.9% of all responses from

the 65 participants.

0ooio - Joobood

Q000 oodo

I first analyzed 30 out of the 70 filler items shared between Experiment 4-1 and 4-2 to confirm
that the two experiments are comparable, despite the differences in the instructions. The
mean cloze RTs were 1415ms for Experiment 4-1 and 1425.36ms for Experiment 4-2. A
linear mixed-effects model analysis of the RTs revealed no significant effect of the stimulus

sets (= 5:03;p = :87). Next, I averaged the RTs for each filler item for each experiment
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and plotted them in Figure 36a. The x-axis shows the mean RTs in Experiment 4-1 for each
filler item and the y-axis shows the mean RTs for the same item in Experiment 4-2. When
the within-context mean RT5s are identical in the two experiments, the dots are on the black
lines. As the figure illustrates, there was a strong correlation between the RTs for the same
filler items in the two experiments (r = 0:97). Similarly, I computed the cloze probability of
each response and plotted in Figure 36b. As the figure illustrates, there was also a strong
correlation between the cloze probabilities in the two experiments (r = 0:96). These suggest

that the difference in the instructions did not significantly change the cloze RTs or cloze

probabilities.
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Table 10 summarizes the proportions of the response categories in Experiments 4-1 and 4-2.

While there were more role-specific responses in Experiment 4-2, there was the same overall
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pattern that (i) role-specific responses were most frequent and role-inappropriate responses
were rarest, and that (ii) role-appropriate responses combining role-specific responses and

neutral responses accounted for the majority of the responses.

Specific Neutral Inappropriate
Experiment 4-1 | 59.2%  26.5% 14.3%
Experiment 4-2 | 65.4%  22.5% 12.1%

(00O00 000 Dooooooioo oo DOooobDooiono Dooooon 000 toitiiobooloooitio foooooooo 0o 00D bOD boooood
(0ooo tooooo

The relationship between the mean role-appropriate RTs and the alternative mean role-
appropriate RTs is presented in Figure 37b. As can be seen in the figure, there are more
contexts with both short role-appropriate RTs and alternative role-appropriate RTs (the
bottom left corner) compared to the data in Experiment 4-2 (37a). That is, Ehrenhofer et
al. (2019)’s stimuli had contexts with both strong role-appropriate candidates and strong

role-inappropriate lures, as they were designed to have.
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Figure 38 shows the relationship between the role-appropriate RTs and the strength of lures
estimated using the alternative mean RTs. A linear mixed-effects model analysis conducted
in the same way as in Experiment 4-2 revealed a significant effect of the cloze probability
( = 0:52;p <:001), and the mean alternative RT' ( = 0:42;p < :001). but no interaction
between the two effects (= 0:09;p = :66). This pattern replicated the findings from
Experiment 4-1.

It should be noted that another analysis without the random effects for items showed no
significant effect of the mean alternative RT (= 0:09; p = :083). This follows the context-
wise analyses of Staub et al. (2015), who did not include the random effects for items. Staub
et al. made this decision because there were no categorical conditions in their experiment
and each item had only one value for context-level variables (modal cloze probability in their
analyses). In such cases, the random effects of items cannot be estimated independently of
the context-level fixed effects. On the other hand, since each item in our experiment was
presented in two different word orders, the random effects of items can be independent of
the context-level fixed effects (i.e. mean alternative RT). Therefore it is more reasonable to
include the random effects for items in the current experiments. However, the effect of the
mean alternative RT, which is a measure of the lure strength, should be taken with caution
because whether or not to include the random effects of items resulted in a drastic difference
in the fixed effects. Additionally, RT analysis in Experiment 4-1 did not change by this

modification in the random structure.
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The proportion of role-inappropriate responses produced for each context and its relation-
ship with the mean role-appropriate RTs and the alternative mean role-appropriate RTs are
presented in Figure 37b. A binomial generalized linear mixed-effects model revealed a sig-
nificant effect of the mean RTs of the context itself ( = 5:81;p < :001), and the mean
RTs of the alternative context ( = 2:62;p < :001), but no interaction between the two
effects (= 5:28;p = :126). Figure 39 illustrates the model predictions. The probability
of role-appropriate responses increases with longer mean role-appropriate RTs and shorter
alternative mean role-appropriate RTs. This suggests that role-appropriate responses are

slower in contexts with stronger lures.
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Experiment 4-2 combined with Experiment 4-1 provides evidence for role-inappropriate ac-
tivation via the between-context variability in lure strengths. The availability of lures in
each context was estimated using the mean role-appropriate RTs in the alternative con-
text. Contexts with stronger lures had (i) slower role-appropriate responses and (ii) more
role-inappropriate responses. These findings suggest that role-inappropriate candidates are
pre-activated such that they can inhibit the role-appropriate candidates and slow down those
responses and that they can win races at least occasionally, leading them to be produced.
The analysis of the relationship between the role-appropriate and the alternative mean
RTs suggests a novel use of (speeded) cloze data. In cloze tasks, we can only use cloze
measures from lexical candidates that are produced by at least one participant. This na-

ture of the task makes it difficult to investigate lexical candidates that are rarely or never
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produced by participants, including but not limited to argument role reversals. However,
as I demonstrated in the current studies, the pre-activation of such candidates can be indi-
rectly measured via the amount of inhibition they impose on the other candidates that are
produced.

The observation that there are more role-inappropriate responses when there stronger
lures can be straightforwardly explained if role-inappropriate candidates are pre-activated.
However, the data might still be explained by an account in which people do not consider and
pre-activate role-inappropriate candidates in general, but where they occasionally produce
such candidates when they misinterpret the contexts, if that misinterpretation correlates with
the availability of role-appropriate candidates in the alternative contexts. For example, people
might misinterpret (25a) as (25b) more often than to misinterpret (26a) as (26b). Although
this possibility cannot be excluded by the current experiments, it is unlikely, because people
have to misinterpret (25a) more often than (26a) without the verb. In the speeded cloze
task, participants are not directly presented with lures in the (speeded) cloze experiments
and they do not predict those lures under this hypothesis. Therefore, this account requires

that contexts such as (25a) are more confusing than (26a), which does not seem to be likely.

(25) a. The restaurant owner forgot which customer the waitress had ...
b. The restaurant owner forgot which waitress the customer had ...
(26) a. The parent saw which child the lifeguard had ...

b. The parent saw which lifeguard the child had ...
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The data collected in the two speeded cloze studies also have implications for the way role-
inappropriate responses are produced under an approach that gives an important role to a
monitoring mechanism. In the role-insensitive pre-activation hypothesis, role-inappropriate
candidates are pre-activated just as strongly as role-appropriate candidates. However, a mon-
itoring mechanism checks for the plausibility of the utterance being produced and prevents
role-inappropriate productions.

The occasional role-inappropriate responses in the speeded cloze data can be explained in
at least two ways. First, they might reflect failures of detection of role-inappropriate winners.
While role-inappropriate winners of races are assumed to be detected by the monitoring
mechanism in most cases, it might fail to detect those role-inappropriate winners occasionally.
Second, role-inappropriate responses might be produced as a last resort when there are no
other candidates to be produced. In the speeded cloze task, there is some temporal pressure
on participants to produce cloze responses as quickly as possible. If a role-inappropriate
candidate is highly pre-activated but role-appropriate candidates are not, there should be
some cases where only role-inappropriate candidates reach the threshold, and where there
is pressure to quickly produce a response. In such cases, people might choose to produce
role-inappropriate candidates as a last resort in order to provide some response, even if they
are aware that the available winners are role-inappropriate.

The two mechanisms in fact make different predictions about the latencies of role-inappropriate
responses compared to the latencies of role-appropriate responses. If role-inappropriate can-

didates are predicted as strongly as role-appropriate candidates, and the role-inappropriate
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responses are produced because they somehow escaped the monitoring process, then role-
inappropriate responses should be faster than role-appropriate responses. Assuming that
role-inappropriate candidates are just as strongly pre-activated as role-appropriate candi-
dates, but role-appropriate responses are produced much more frequently, a large number of
the role-appropriate responses should be products of revision processes. That is, they would
be produced after a role-inappropriate candidate reaches the threshold but is subsequently
inhibited. Therefore, a large number of role-appropriate responses should be produced fol-
lowing such a revision process, resulting in longer RTs on average. In the same scenario,
role-inappropriate responses should be produced faster than role-appropriate responses, be-
cause they cannot be products of such a revision process. Therefore, role-inappropriate
responses on average should be faster than role-appropriate responses.

On the other hand, if role-inappropriate responses are produced as a last resort when
there is no other response to produce, the role-inappropriate candidates should be slower
than role-appropriate responses. While role-appropriate responses can be produced any time
a role-appropriate candidate reaches the threshold and passes the monitoring process, role-
inappropriate candidates are produced when there is no such candidate that was able to be
produced earlier. Hence role-inappropriate responses should be slower than role-appropriate
responses.

The RT data of Experiments 4-1 and 4-2 can be used to evaluate these predictions. The
mean cloze RTs of each response category for each experiment are presented in Table 11
and Figure 40. A linear mixed-effects model of cloze RTs revealed a significant effect of
role-appropriateness (= 0:21;p < :001). There was no significant effect of experiments

(= 0:06;p = :148) or interaction between experiments and role-appropriateness ( =

141



0:01;p < :695). This pattern was also seen in other speeded cloze experiments (Lee et al.,
2022).

Thus role-inappropriate responses are slower than role-appropriate responses in both ex-
periments. This suggests that role-inappropriate responses were not produced because the
monitoring mechanism failed to catch them, but because there were no role-appropriate can-

didates to be produced.

Appropriate Inappropriate
Experiment 4-1 1558 1761
Experiment 4-2 1491 1696
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Overall, Experiments 4-1 and 4-2 serve as an initial step in understanding the discrepancy
between different measures. Here I asked if there is any evidence for role-inappropriate pre-
activation, and the results suggest that role-inappropriate candidates are indeed activated

sufficiently to inhibit role-appropriate competitors or to win races at least occasionally. Fur-
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thermore, within the symmetric pre-activation hypothesis, the comparison of role-appropriate
and inappropriate RTs provides evidence for role-inappropriate production as a last resort,
rather than as a consequence of monitoring failure.

However, the current studies do not provide evidence for whether the pre-activations of
role-inappropriate candidates are as large as those of role-appropriate candidates, or whether
they are still much smaller than the activations of role-appropriate candidates. In order to
test if there is matched pre-activation for role-appropriate and inappropriate candidates, I

turn to two different pre-activation measures in the next chapter.

143



0 DO0o0dl bbobd 0Ud Hitooibuiiboor oooooot oo bobooooo

oo

Previous chapters have explored the mismatch between measures of pre-activation. Chap-
ter 3 demonstrated that there is a mismatch between N400 amplitudes and speeded cloze
probabilities in argument role reversals, even when both stimuli and time courses are care-
fully matched. While there was no contrast between the N400 amplitudes for role-appropriate
and inappropriate candidates when the target verbs were presented shortly after the contexts,
speeded cloze responses were predominantly role-appropriate. Therefore, the different mea-
sures tell inconsistent stories about whether and how argument roles impact pre-activation.
The N400 studies suggest that argument roles do not influence pre-activation at least tem-
porarily and hence that role-appropriate and inappropriate candidates are matched in terms
of pre-activation. On the other hand, the speeded cloze study suggests that argument roles
have a large impact on pre-activation, and role-appropriate candidates are much more pre-
activated compared to role-inappropriate candidates. Chapter 4 showed that there is some
degree of role-insensitive pre-activation in the speeded cloze task, using context-wise variabil-
ity in the estimated availability of role-inappropriate candidates (“lures”). Role-appropriate
responses with stronger lures were produced more slowly, presumably reflecting lateral inhibi-
tion from the pre-activated lures. Additionally, there were more role-inappropriate responses
with stronger lures, suggesting that role-inappropriate candidates can at least occasionally
win races and be produced in the speeded cloze task.

While the previous studies in this thesis provided evidence for some amount of role-

inappropriate pre-activation, it is not clear how much role-inappropriate candidates are pre-
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activated compared to role-appropriate candidates. They might be pre-activated just as
much as role-inappropriate candidates, suggesting that argument roles have no impact or
minimal impact on pre-activations. On the other hand, they might be much less pre-activated
than role-appropriate candidates, where argument roles can have a strong influence on pre-
activations. In this chapter, I seek more direct evidence of role-(in)sensitive pre-activation, in
order to evaluate the influence of argument roles on pre-activation. While N400 amplitudes
and speeded cloze responses might be influenced by post-lexical combinatorial processes, I use
other measures of pre-activation that are potentially less susceptible to post-lexical processes,
and I further isolate the effects of pre-activation by analyzing the distributions of reaction

times.
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If the conflicting pre-activation measures rather transparently reflect the common underly-
ing pre-activation, as assumed in the Simple Activation Model (Chapter 1), those measures
should align with each other in any case, including argument role reversals. In order to ac-
count for the mismatch between the pre-activation measures, I proposed two hypotheses that
question the linking hypotheses in different ways. The symmetric pre-activation hypothesis
maintains that cloze responses do not simply reflect pre-activations, and that cloze responses
are skewed by a post-lexical combinatorial process. I proposed in Chapter 3 that once a lexi-
cal candidate is pre-activated and reaches a threshold, it is temporarily incorporated into the
utterance meaning representations and a monitoring mechanism checks for the plausibility
of the lexical candidate in its context. With such processes, role-inappropriate candidates
are detected and inhibited before they are produced even if pre-activations are matched
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across role-appropriate and inappropriate candidates. Thus the discrepancy between the
pre-activation measures might be caused by the monitoring mechanism. On the other hand,
under the asymmetric pre-activation hypothesis, the linking hypothesis of N400 amplitudes
is instead questioned. Some researchers argue that it reflects post-lexical combinatorial pro-
cesses. Some of them maintain that N400 amplitudes reflect the processes to integrate the
meanings of lexical items into the utterance meaning representations (e.g. Brown & Hagoort,
1993; Rabovsky et al., 2018), while others argue that N400 amplitudes reflect the detection of
semantic anomalies in the utterance meaning representations (e.g. Kim & Osterhout, 2005).
If N400 amplitudes in fact reflect these post-lexical processes, they do not align with cloze
probabilities because they reflect different processes.

Given this uncertainty about the linking hypotheses for the available measures, if there
are alternative measures that can assess the pre-activation without the influence of post-
lexical combinatorial processes, they would provide better evidence for role-(in)sensitivity in
pre-activation processes. I propose that simple lexical decision and read-aloud (naming) tasks
may be more transparent measures of pre-activation, excluding the influence of post-lexical
processes. In the lexical decision task, participants are asked to judge if a presented string of
letters is a real word in the target language or is a meaningless non-word. Response latencies
in this task are faster when the lexical representations are pre-activated, for example by
semantic priming (Meyer & Schvaneveldt, 1971; Perea & Rosa, 2002; Ratcliff et al., 2004).
It is also known that sentential contexts can facilitate lexical decisions, and that RTs in the
lexical decision task are faster for high-cloze items than low-cloze items (Kleiman, 1980).
In the read-aloud task (or the naming task or the pronunciation task), people simply read

aloud a presented string of letters, and the latency of the speech production onset is used as
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the measure. Similar to the lexical decision task, more lexical activation enables articulation
with shorter latencies (e.g. Stanovich & West, 1983). RTs in the read-aloud task are also
affected by sentential contexts (Seidenberg et al., 1984).

These tasks are different from other measures in that responses can be initiated once basic
lexical processes are completed. In the lexical decision task, participants only need to access
the lexical representation for the target lexical item and find out that it is in the lexicon.
The read-aloud task can be completed once the lexical representation has been accessed and
the form associated with it has been retrieved. Therefore, the nature of these tasks might
reduce the influence of post-lexical processes.

Importantly, nothing about the task demands in these studies requires the monitoring
mechanism to quickly inhibit role-inappropriate candidates, unlike the speeded cloze task.
As discussed in Chapter 3, the monitoring mechanism might be involved in tasks other than
the speeded cloze task, but the threshold for monitoring is lowered in the speeded cloze task.
In the speeded cloze task, people are not presented with continuations, and they themselves
must provide responses quickly. Under such circumstances, if no lexical item reaches the
threshold quickly, people would not be able to produce anything. A lowered threshold can
increase the chance of successful production under time pressure. It simultaneously allows
quick detection and inhibition of role-inappropriate candidates by the monitoring mechanism,
which is triggered by candidates reaching the activation threshold. On the other hand, in
EEG studies with comprehension tasks, as well as the lexical decision task and the read-aloud
task, the threshold could be high because people do not provide responses by themselves.
They might pre-activate lexical candidates, but there is no pressure to have lexical candidates

reach the threshold, which results in slower inhibition of role-inappropriate candidates.
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However, the lexical decision task and the read-aloud task might not completely block
the influence of post-lexical combinatorial processes, even though they do not require those
processes. Participants can, in principle, incorporate the meaning of the presented lexical
item into an utterance meaning representation before responding to the lexical decision or
read-aloud tasks, even if they are not required to do so. If this is the case, the effect of
pre-activation on RTs might be obscured by the effect of combinatorial processes. In order
to isolate the effect of pre-activation on RTs from the combinatorial processes, I employ

distributional analyses of the RTs in the two tasks, as described in detail in Section 5.2.
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There is one previous study that used the read-aloud task for argument role reversals.
Ferretti, McRae, and Hatherell (2001) conducted a cross-modal read-aloud task in their Ex-
periment 4. They presented participants with contexts auditorily, such as the parts preceding
the slashes in (27), (28) (29), and (30). The target words (00000 or 00U in the examples)
were presented visually at the offset of the contexts and participants read them aloud. (27b)
and (29b) can be considered as argument role reversal sentences in that 000 is assigned an
inappropriate role (patient), although it would be an appropriate agent. (28) and (30) can be
considered as baselines for (27) and (29) respectively. Ferretti et al. found that target words
that are appropriate in the contexts ((27a) and (29a)) were produced faster compared to the
baselines, but the same target words in role-inappropriate contexts ((27b) and (29b)) were
not. This suggests that role-appropriate continuations such as 00000 for (27a) or 000 for (29a)
were pre-activated using the contexts, leading to shortened RTs, but that role-inappropriate

continuations such as 000 for (27b) or 00000 for (29b) were not. This seems to be inconsistent
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with the findings in EEG studies that repeatedly found no contrast between role-appropriate
and inappropriate continuations in role reversal contexts, including the Japanese study by
Momma (2016) re-analyzed in Chapter 3 and other prior studies (Kolk et al., 2003; Kuper-
berg et al., 2003; Hoeks et al., 2004; Kim & Osterhout, 2005; Oishi & Tsutomu, 2010; Chow,

Smith, et al., 2016; Chow et al., 2018; Liao et al., 2022).

(27) a. She arrested the / crook.
b. She arrested the / cop.
(28) a. She kissed the / crook.
b. She kissed the / cop.
(29) a. She was arrested by the / cop.
b. She was arrested by the / crook.
(30) a. She was kissed by the / cop.

b. She was kissed the / crook.

A few differences between Ferretti et al. (2001)’s study and other prior studies on argu-
ment role reversals should be pointed out. First, while most other prior studies on argument
role reversals investigated the processing of verbs given arguments, arguments were the tar-
gets (000 or IO in the examples above) and verbs were provided to participants in this
study. People could have been in different states after encountering a context that included
a verb (e.g., Friederici & Frisch, 2000). Second, it is not clear how much the time courses were
matched with other prior studies. Since the stimuli were presented auditorily, the timing was

not controlled in the same way as in prior EEG studies where the stimuli were presented in
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rapid serial visual presentation. The time course of the experiment is critical for interpret-
ing the results, given the findings about effects of timing on N400 effects (Chapter 3 and
Chow et al. (2018); Liao et al. (2022)) as well as in the visual world paradigm (Kukona et
al., 2011). Given that participants were presented with the target arguments at the offset
of the context, they did not have a long interval between the presentation of the context
and the target argument, but it is not clear how much the time courses aligned with other
studies. A study that is better matched with prior studies will provide better evidence for or
against role-sensitive pre-activation. Furthermore, as mentioned above, the read-aloud task
may not completely exclude the involvement of post-lexical combinatorial processes. Distri-
butional analyses of RTs will allow me to investigate the influence of pre-activation on RTs

independent of the combinatorial processes.
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In order to isolate the potential influence of pre-activation and of post-lexical combinatorial
processes, I conducted response time distributional analyses (e.g. Ratcliff, 1979; Balota, Yap,
Cortese, & Watson, 2008; Staub, 2011). The analyses built on the fact that differences in
right-skewed distributions such as RTs can be caused by differences in the locations of the
entire distributions (Figure 41a), or by differences in the tails of the distributions (Figure
41b). These two types of differences between RT distributions can be dissociated by vincentile
plots or by fitting distributions such as ex-Gaussian distributions to the data. I propose that
pre-activation should mainly modify the locations of the RT distributions, while post-lexical
combinatorial processes such as monitoring or semantic anomaly detection should primarily

influence the tail of the distribution.
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When researchers compare RTs in two conditions, they often calculate the means of the
distributions and compare them between the conditions. However, RT distributions are
very rarely symmetric. They are usually right-skewed (e.g., distributions in Figure 41). A
difference between the means of two right-skewed RT distributions can be caused by a shift
in the location of the distribution and/or a larger and extended tail. For example, the orange
and green distributions are generated by shifting the location of the blue distribution (Figure
41a) and by modifying the tail of the blue distribution (Figure 41b). Despite the difference

in the shapes, the orange and green distributions have identical means.
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Some researchers focused on this distinction between the location and the tail and inves-
tigated whether a certain factor influences the location or the tail of the RT distributions
(e.g. Balota et al., 2008; Staub, 2011). That is, whether the factor influences essentially
all responses and shifts the entire distribution, or whether it strongly influences a subset of

responses and right-skews the distribution by modifying the tail.

I propose that pre-activation should influence the location, while integrative processes
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should influence the tail in the lexical tasks. This is because increased pre-activation for
the target lexical item should facilitate essentially all responses for that item. On the other
hand, presumably, the integrative processes in the lexical tasks are not deployed in most cases
because they are not required by the task, and therefore they should more strongly influence
only a subset of responses. In fact, Balota et al. (2008) showed that semantic priming shifts
the RT distributions in both lexical decision and read-aloud tasks. Thus, if role-inappropriate
candidates are pre-activated just as much as role-appropriate candidates, the locations of the
distributions should be closely matched, while the tails might or might not be different. On
the other hand, if the two classes of candidates are pre-activated differently, the locations of
the RT distributions should reflect that contrast.

Prior studies have used two ways to isolate the effects on the location and the tail. One
approach is to use vincentiles. This approach ranks the RTs and divides the data into bins
of equal numbers of observations based on the ranks. For example, the shortest 10% of RTs
(per condition per participant) are in the first bin, the next 10% are in the second bin, and
so on. Vincentile refers to the mean of the RTs in each bin. Figure 42a shows the vincentile
plots for the same data sets used in Figure 41. Figure 42b shows the difference between
the vincentiles of the original distribution (blue) and two modified distributions (orange and
green). A shift in the location of the RT distributions can be observed as a difference that
is consistent across bins (Figure 42a: blue vs orange). In the difference plot, a pure contrast
in locations appears as a horizontal line (Figure 42b: orange). On the other hand, the larger
and extended tail can be observed as an increased slope and an especially large increase in the
slowest bins (Figure 42a: blue vs green). In the difference plot, this appears as no difference

in the first bins but increasingly greater differences in the later bins (Figure 42b: green).
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Another approach is to fit distributions such as ex-Gaussian (exponentially modified
Gaussian) distributions to the RT distributions (Ratcliff, 1979). Ex-Gaussian distributions
are right-skewed distributions that are convolutions of two distributions. One of the com-
ponents is a Gaussian distribution (normal distribution) and the other is an exponential
distribution. For example, an ex-Gaussian distribution in Figure 43a can be considered as
a convolution of the two distributions illustrated in Figures 43b and 43c. There are three
parameters for the two components: and for the Gaussian component, which respectively
captures the mean and the standard deviation of the component, and for the exponential
component, which controls both the mean and standard deviation of the component. A shift
in the location of the distribution can be captured as a difference in the parameter, while
a difference in the right tail can be captured as a difference in the parameter. There-
fore, the effect of a factor on two right-skewed RT distributions can be isolated by fitting
ex-Gaussian distributions to the RT distributions and comparing the and parameters of

the two ex-Gaussian distributions.
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In this study, I conduct vincentile analyses of the RTs in the lexical decision task and
the read-aloud task. I did not conduct ex-Gaussian analyses because the limitations in the
experiment designs did not provide sufficient observations per participant or per item per
condition to fit ex-Gaussian distributions to RT data. (Ratcliff (1979) recommends data
with 100 or more observations to fit a gamma distribution for reliable fitting). Therefore,
I only report the vincentile analyses that are suitable for analyses with fewer observations

(Ratcliff, 1979).
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The current study tested for the pre-activation of role-inappropriate verbs in the lexical
decision task and the read-aloud task. In order to match the stimuli and the time course
with prior studies on argument role reversals, I used the same stimuli based on Chow, Smith,
et al. (2016) and presented them in the same manner as Chow, Smith, et al.. Participants
either judged whether the target verb is a real English word or a non-word in the lexical
decision task, or simply read them aloud in the read-aloud task.

The stimuli consisted of two types of sentence pairs: argument role reversal items (reversal
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items: e.g., (31)) and argument substitution items (substitution items: e.g., (32)). The
reversal items had the same arguments but with different argument role assignments. On the
other hand, substitution items had different direct object arguments. The target verbs, U000
and 0000000 in the examples, had high offline cloze probabilities in the high-cloze condition
((31a) and (32a)). On the other hand, the same verbs had low offline cloze probabilities
in the low-cloze condition ((31b) and (32b)). The offline cloze probabilities were matched

between the two high-cloze conditions and between the two low-cloze conditions.

(31) a. The restaurant owner forgot which customer the waitress had served.

b. The restaurant owner forgot which waitress the customer had served.

(32) a. The superintendent overheard which tenant the landlord had evicted.

b. The superintendent overheard which realtor the landlord had evicted.

The primary interest is in the comparison between the reversal/high-cloze condition (31a)
and the reversal /low-cloze condition (31b). If pre-activations are matched for role-appropriate
and inappropriate verbs, the locations of the RT distributions should be matched for (31)
and any differences in the mean RTs should arise from difference in the tails, if at all. On the
other hand, if role-appropriate verbs are more strongly pre-activated than role-inappropriate
verbs, there should be a contrast in the locations of the distributions. The substitution items
(32) serve as baselines in which participants should pre-activate the target verbs differently
in the high-cloze and low-cloze conditions. Chow, Smith, et al. in fact found N400 contrasts
between the substitution items, while they did not find N400 contrasts between the reversal
items. Therefore, there should be a contrast in the locations of the RT distributions of the

substitution items.
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80 native American English speakers were recruited online on the crowdsourcing platform
Amazon Mechanical Turk. Participants received monetary compensation. Four participants’
data were not analyzed due to missing data. Additionally, five participants were excluded
from the data due to unsatisfactory performance as described below. This left 71 partici-
pants for analysis (42 females and 29 males; average age = 40.9). Another 2 participants

were excluded from the analyses of the read-aloud task due to poor audio quality.

100000000

120 sentence pairs of high-cloze and low-cloze sentences were taken from Chow, Smith, et al.
(2016)’s Experiment 1. The stimuli in the current experiment were identical to the original
stimuli up to the target verb. However, the stimuli in this experiment did not include the
parts following the target verbs so that they do not interfere with the lexical decision task or
the read-aloud task. 60 pairs of stimuli were reversal items such as (31) and the other 60 pairs
were substitution items such as (32). The low-cloze condition of the reversal items was created
by reversing the arguments of the high-cloze condition (31b), while the low-cloze condition of
the substitution items was created by replacing the object of the high-cloze condition (32b).
One of the pairs from Chow, Smith, et al. was replaced with another sentence pair due to
potentially sensitive content. For each participant, 30 reversal items and 30 substitution
items were presented in the lexical decision task and the remaining stimuli were presented

in the read-aloud task. Half of the 30 stimuli sets were presented in the high-cloze condition
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and the rest were presented in the low-cloze condition. Therefore, there were 15 experimental
items for each condition per task per participant.

Additionally, 60 filler items were created for the read-aloud task. Half of the fillers were
plausible and the others were implausible. The target words to be read aloud were always
the final words of the sentences. Another set of 180 filler items was created for the lexical
decision task. 60 of those fillers had embedded object questions and had OSV word order
(henceforth OSV fillers) and the targets were non-words. Since all the experimental items
had embedded object questions ((31) and (32)) and all had real-word targets, the OSV fillers
were necessary to make it impossible for participants to expect real words following embedded
object questions. 60 of the other fillers were sentences without embedded object questions and
with real-word targets. Half of those fillers were plausible and the other half were implausible.
Another 60 fillers were without embedded object questions but with non-word targets.

The target non-words were pronounceable pseudo-words either directly obtained from the
ARC Nonword Database (Rastle, Harrington, & Coltheart, 2002) or created by combining
two pseudo-words in the database. The target non-words in the OSV fillers were created
by adding past-participle suffixes to the non-words (e.g. 000000, 000I00O0I000). This made
it impossible for participants to make lexical decisions by attending to the right edge of the
target verbs or non-words. The number of letters of the non-words in the OSV fillers was
matched with the length of the target verbs of the experimental items. The target non-words
in other fillers were created in a similar way, but they appeared with inflectional suffixes if
the contexts required them. The numbers of letters were matched with the target words of
the filler items with the real-word targets. Finally, a native speaker of American English

checked all the non-word stimuli and confirmed that they were in fact non-words.
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The experiment was conducted via the online experiment platform PClbex (Zehr & Schwarz,
2018). Stimuli were presented in an almost identical manner as Experiments 4-1 and 4-2. In
each trial, a fixation cross was presented on the center of the screen for 800ms. Each word of
the sentence fragment appeared word-by-word in black font color on the center of the screen.
Each word was presented for 300ms and was followed by a blank screen presented for 230ms,
matching the time parameters in Chow, Smith, et al. (2016). Therefore the stimulus onset
asynchrony (SOA) was 530ms.

The experiment consisted of two blocks corresponding to the two tasks. In the lexical
decision block, the target word in each trial was presented with blue font color, and par-
ticipants judged if the target word was a real word in English or not by pressing keys. In
the read-aloud block, the target word in each trial was presented with red font color, and
participants read the target word aloud while their responses were recorded. The audio was
recorded for 3000ms following the presentation of the final word, and then a text indicating
the end of the trial was presented. The responses were recorded by PClbex and were auto-
matically sent to a server for data collection. The order of the blocks was counterbalanced
across participants.

Some lexical decision and read-aloud trials were followed by a comprehension task where
participants were asked about the plausibility of the sentences. They pressed keys and made
binary judgments about whether the sentence was plausible or not. This task was necessary
to confirm that participants are paying attention to the contexts because, in principle, it is

possible to perform the lexical decision and read-aloud tasks without reading the contexts at
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all. The comprehension questions followed all the experimental trials, half of the filler items
in the read-aloud task and half of the filler items with real words in the lexical decision task.

This accounted for 37.5% of all the lexical decision trials and 75% of the read-aloud trials.
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For the read-aloud task, the onsets of the speech were first automatically detected by Chron-
set (Roux et al., 2017) using the TransCloze pipeline developed by the author. Then the
onsets were manually corrected by the author using Praat (Boersma & Weenink, 2023),
through both listening to the audio and visually inspecting the spectrograms. Trials without

valid responses were marked for rejection in this process.
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All lexical decision responses with RTs shorter than 200ms or longer than 3000ms were re-
moved. These affected 2.6% of all the experimental trials for the 71 participants who were
analyzed. Subsequently, responses with inaccurate responses were removed for the RT anal-
yses. These left 3959 lexical decision trials for experimental items. In the read-aloud task, all
trials without responses or with non-target responses were excluded. These trials consisted of
0.3% of all the responses by the 69 participants who were analyzed. Subsequently, responses
with RTs longer than 1500ms were removed. This affected 1.0% of all the experimental trials.

These processes left 4084 read-aloud trials for experimental items.

U000 Dooobooo

The distributional analyses were conducted in different ways from prior studies (Balota et al.,
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2008; Staub, 2011). Balota and colleagues obtained vincentiles for each participant for each
condition and they analyzed the distributions of the by-participant vincentiles. In the current
study, I plotted by-item average RTs instead of by-participant average RTs in the vincentile
plots. This was because some participants had as few as four observations for one condition
in a task. On the other hand, there were at least twelve observations for each context for
each condition and task. There were 16.5 observations in the lexical decision task and 17.0
observations in the read-aloud task for each context for each condition on average. Since the
number of observations was still relatively small, I divided responses for each condition for
each item into five bins (c.f. Staub (2011) had 38.7 responses on average per condition per
participant and had ten bins).

Linear mixed-effects model analyses were conducted using the Imer function of the lme4
package (Bates et al., 2015) and lmerTest package (Kuznetsova et al., 2017) of the statistical
analysis software R (R Core Team, 2020). For statistical analyses for vincentiles, I constructed
linear mixed-effects models for the RT by trials and the bins were included as one of the fixed
factors. In all the analyses below, categorical factors were coded by -0.5 or 0.5 (Substitution:
-0.5, Reversal: 0.5; high-cloze: -0.5, low-cloze: 0.5). Bins in the distributional analyses were
coded from 0 to 1 with increments of 0.25 in ascending order. That is, the first bin was
coded as 0, the second bin was coded as 0.25, and the fifth bin was coded as 1. I included
the maximal random effects structure for subjects and items that converged. Under this
coding system, the effects on the locations of RTs can be seen as terms without a bin (i.e.,
fixed effects of cloze manipulation, sentence type, and their interaction). On the other hand,
any tail effects should be visible as interactions including bin. All the statistical models for

distributional analyses revealed significant effects of bins. That is, responses in faster bins
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were faster. I do not discuss these in the Results section because they are simple consequences

of how the bins are defined.
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As mentioned in the Participants section, five participants answered the comprehension ques-
tions of the filler items with 66.7% or lower accuracy in either task. These participants were
excluded from subsequent analyses. The accuracy of the comprehension questions of the
remaining participants was 89.9% in the lexical decision task and 86.8% in the read-aloud
task.

The accuracy of the comprehension questions in the experimental items was 80.9% for the
reversal condition and 78.1% for the substitution condition in the lexical decision task, and
80.0% for the reversal condition and 79.2% for the substitution condition in the read-aloud
task. The rates of plausible judgments in each task in each condition are summarized in
Table 12. There seems to be a bias towards plausible judgments in either task and in either
sentence type (reversal or substitution). However, people seem to be accurately responding

to the comprehension question on average.

0000 \ 0000000 Do0oooon \ [00000DoO

Condition High-cloze Low-cloze | High-cloze Low-cloze
Reversal 93.7% 31.8% 91.8% 31.8%
Substitution | 93.9% 37.7% 93.5% 35.2%
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The accuracy of the lexical decision trials is summarized in Table 13. Participants responded

accurately to the lexical decision task.

Cloze ‘ High-cloze Low-cloze
Reversal 99.7% 98.7%
Substitution | 99.3% 99.0%

00000 000 Dooooeoon oo 0oo [ooiooo booitiot boot 0 booooioooo oo
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Inaccurate responses and responses with RTs longer than 2000ms were removed from the
non-distributional RT analyses. This process left 3584 trials. The RTs of the accurate lexical
responses are shown in Figure 44a. A linear mixed-effects model of RTs revealed a significant

effect of cloze manipulation (= 109:71;p < :001) but no significant effect of sentence type

( = 4:88;p=:72) and no interaction between the two effects ( = 16:82;p = :43).
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The RT distributions of each condition and each sentence type in the lexical decision task

are plotted in Figure 45. The distributions are strongly right-skewed, as we would expect in

a task of this kind.
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The vincentiles of the lexical decision RTs are plotted in Figure 46a. The differences
between the high-cloze condition and the low-cloze condition of each sentence type are plotted
in Figure 46b. There appear to be consistent differences between the high-cloze and low-cloze
conditions across all bins, as well as slope differences.

I conducted a statistical analysis using a linear mixed-effects model of RTs including cloze
manipulation, sentence type, and bin, and all their interactions as predictors. The analysis
revealed a significant effect of cloze ( = 54:67;p < :001), bin ( = 1185:39;p < :001),
and an interaction between the two factors (= 162:12;p < :001). There was no interaction
between other factors and interactions. These suggest that the cloze manipulation influenced
both the locations and the tails of the RT distributions. There was no evidence for contrasts

between reversal and substitution stimuli.
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The mean read-aloud RTs are shown in Figure 44b. A linear mixed-effects model of RTs
revealed a significant effect of cloze (= 24:88; p < :001) but no significant effect of sentence

type (= 13:61;p = :06) or interaction between the two effects ( = 1:44;p = :84).
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The RT distributions of each condition and each sentence type in the read-aloud task are
plotted in Figure 45. Responses with RTs longer than 1500ms are not included in the figure.
The distributions appear to be right-skewed but less so than the lexical decision task.

The vincentiles of the read-aloud RTs are plotted in Figure 48a. The difference between
the high-cloze condition and the low-cloze condition of each sentence type is plotted in Figure

48b. While there seem to be consistent differences between the high-cloze and low-cloze
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