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Chaves, Rui P. 2025. Exploring reward effects in experimental syntax. Linguistic Research
42(1): 1-30. Experimental Syntax research often involves participants reading or listening
to disconnected sentences which are often unusual in some way. Such tasks are rather
artificial and involve assigning numbers to sentences, or pressing keys to reveal the
next word on a screen. Some participants may lack motivation to process these sentences
in a typical way, given these unusual settings, which can lead to data that may not
reflect normal language processing. Specifically online and offline measures of
comprehension may be affected by not only task demands but also participant
motivation. In the present study we manipulate the amount of reward for completing
such tasks in order to examine how it impacts (if at all) the experimental outcomes.
This is an important question to explore as there are currently no compensation
standards in experimental linguistics, with some studies paying subjects with rates above
the minimum wage, and others offering course credit instead of financial compensation.
The present paper uses reward magnitude as a proxy to motivation to perform a task.
The results suggest that reward incentives can impact outcomes, but only subtly so,
at least for the populations tested in this study. Additionally, there is a significant degree
of variation across studies, suggestive of participants sometimes deploying strategies to
maximize the chances of completing the task appropriately, but in the process create
artificial patterns in the data. (University at Buffalo, The State University of New York)

Keywords adaptation, satiation, reward, acceptability, English, self-paced reading, garden
paths, islands

1. Introduction

Linguistic input noisy and ambiguous, requiring individuals to rely on probabilistic
expectations to navigate uncertainty. Research has shown that this adaptive process
occurs during the comprehension of challenging constructions, such as garden path

sentences, and is likely a form of implicit learning. Reward mechanisms enhance
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learning by promoting synaptic plasticity and motivating engagement. Experiments
have demonstrated that increased rewards improve participants’ motivation and
strategic adaptation in language tasks. Despite its significance, participant
compensation in psycholinguistic research remains inconsistent, with rates varying
widely across studies. This inconsistency likely impacts motivation and learning
outcomes, underscoring the need for standardized practices. The present exploratory
work aims to provide a closer look at the effect of reward on sentence acceptability,
as measured by a Likert scale study, and on on-line sentence processing, through
the lens of self-paced reading studies. In Section 1 we provide an overview of past
research on adaptation and reward, and in Section 2 we detail a number of experiments
designed to measure how perceived reward affects linguistic processing. As we shall
see, the effect is subtle, but measurable. This suggests that low motivation or reward
can lead to failure to detect an effect or difference that actually exists (Type 2 error).
On the other hand, too high a reward may also give rise to strategies that interfere
with the natural processing of linguistic stimuli in an experimental context, including
scenarios in which an effect is detected when none exists (Type 1 error), because

of strategies that participants developed in order to secure a high compensation.

2. Background

It is uncontroversial that sensory input is noisy and ambiguous, and that individuals
respond to the challenges created by uncertainty and variation by resorting to
probabilistic expectations (Anderson 1990; Gigerenzer et al. 1999; Newell and Simon
1972). For example, infants already exhibit the ability integrate prior knowledge and
expectations about human actions with new evidence provided by the environment
(Xu and Kushnir 2013), and use new evidence to modify their expectations (Brandone
et al. 2014). Differences in reward sensitivity and reward-directed behavior likely
depend on the nature of rewarding stimuli, and biological and socio-cultural factors.
For example, sex differences in learning have been observed in young primates
(Bachevalier and Hagger 1991; Clark and Goldman-Rakic 1989; Goldman et al. 1974)
and parallel those of children between 15 to 30 months of age (Overman et al. 1996).
Although men and women tend to exhibit similar learning profiles—see Grissom and

Reyes (2019) for a recent overview—there is evidence for slight differences. For example,



Exploring reward effects in experimental syntax 3

females are subtly more sensitive to frequent negative feedback than males (Ambrase
et al. 2021; Lewis et al. 2023), slightly faster in learning to avoid punishment, and
better than men in learning from positive (but not negative) feedback in probabilistic
selection tasks (Evans and Hampson 2015). In the present studies we will control
for such demographic factors.

Linguistic input is particularly noisy, ambiguous and variable across individuals
and contexts, and speakers must adjust their expectations in order to create useful
heuristic predictions. Indeed, it is known that comprehenders create expectations about
upcoming words (Altmann and Kamide 1999; Arai and Keller 2013; Creel et al. 2008;
DeLong et al. 2005; Kutas and Hillyard 1984; Metzing and Brennan 2003), about
upcoming lexical categories (Gibson 2006; Levy and Keller 2013; Tabor et al. 1997),
and about syntactic structures (Fine et al. 2013; Fine and Jaeger 2013; Fine et al.
2010; Kamide and Mitchell 1997; Lau et al. 2006; Levy 2008; Levy et al. 2012;
MacDonald et al. 1994; Staub and Clifton Jr. 2006; Wells et al. 2009), among other
modalities of input.

In particular, there is much work showing adaptation when processing garden
path sentences, as measured by self-paced reading tasks (Farmer et al. 2014; Fine
et al. 2013; Fine and Jaeger 2013; Fine et al. 2010; Prasad and Linzen 2019; Stack
et al. 2018; Zervakis and Manuka 2013), and evidence for adaptation in island
violations, as measured by sentence acceptability tasks (Chaves and Dery 2014, 2019;
Chaves and Putnam 2020; Clausen 2011; Do and Kaiser 2017; Francom 2009; Goodall
2011; Hiramatsu 2000; Hofmeister 2015; Lu et al. 2021; Snyder 1994, 2000, 2021),
and by priming and self-paced reading tasks (Chaves and Dery 2019; Do and Kaiser
2017). Adaptation has been detected after increased exposure to unusual American
English vernacular constructions (Blanchette et al. 2024), as well as to moderately
ungrammatical sentences, as measured be the attenuation of event-related potentials
(Yano et al. 2021). Such adaptation his arguably a form of learning, which can be
modeled in terms of Bayesian belief updating (Fine et al. 2013, 2010; Lu et al. 2021;
Wells et al. 2009) or as error-based implicit learning using connectionist models
(Chang et al. 2006, 2012). However, learning in humans is not driven purely by
frequency, as intrinsic factors (curiosity, interest, or enjoyment of making the right
prediction), and extrinsic factors (external rewards, or punishment) play a crucial role.
It follows that syntactic adaptation should be sensitive to the predicted reward, not

just to structural frequency and task adaptation. For example, Christianson et al. (2022)



4 Rui P. Chaves

argue participants in a psycholinguistic experiment might not be fully engaged or
motivated to complete the tasks, potentially leading to unreliable data that does not
accurately reflect typical language processing because their level of interest in the
experiment is low. There is some experimental support for this view. In a self-paced
reading task Chaves and Malone (2022) found presentation order evidence suggesting
that increased reward led participants to disambiguate garden path sentences faster
than those participants in a control group as the experiment progressed.

There is currently no standard for the compensation of participants in
psycholinguisics experiments. For example, Fine et al. (2010) compensated participants
with course credit, Fine and Jaeger (2013) paid participants $10, Stack et al. (2018)
paid $4, Dempsey et al. (2020) paid $3, and Prasad and Linzen (2021) paid $6.51
per hour. It is possible that these participants experienced different levels of motivation
and focus while performing this task, and this influenced the probability of learning
regularities in the items. The present paper aims to shed some light on the effect
that reward magnitude has on acceptability and self-paced reading tasks, and invite
more research and discussion about what the compensation standards should be, and

what pitfalls are there, if any.

3. Experiments

3.1 Garden path sentence acceptability

Garden path sentences like (1) provide a well-understood domain for which to study
the effect of reward. Such sentences are not easy to process because they at first appear

to be ungrammatical.

(1) a. The old man the boat.
(local noun/adjective ambiguity)
b. The horse raced past the barn fell.
(local relative / main clause ambiguity)
c. While Anna dressed the baby slept on the bed.
(local subject/object ambiguity)
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If reward promotes attention and learning, then comprehenders should recover from

garden path effects faster when offered a higher reward.

3.1.1 Method

Participants

We collected data from 100 self-reported native speakers of English with IP addresses
originating from the United States, which we recruited through Prolific’s
crowdsourcing marketplace (https://www.prolific.co/). The data from 22 participants
was excluded because their accuracy scores on comprehension questions (see below)
were lower than the 75% threshold. The remaining 78 participants had a mean
accuracy level of 84% (SD = 0.06).

Design and materials

In this Dbetween-subjects design, participants were randomly assigned to
one of two groups: a baseline control group and a bonus group. All participants were
told before starting that a comprehension question accuracy below 65% could prevent
compensation. Participants in the bonus group were additionally informed that
comprehension question accuracy above 75% would result in an extra $4.8, for a total
of $7.2. Since the average completion time was 11 minutes, this corresponded to an
hourly rate of $13 and $39, respectively.

The experimental items consisted of 16 pairs of sentences like those in (2),
counterbalanced across two lists. In the garden path condition there was a classic
subject/object ambiguity (Christianson et al. 2001; Ferreira and Henderson 1990;
Frazier and Rayner 1982; Jacob and Felser 2016) in which an optionally intransitive
verb is at first interpreted as being transitive, and in the non-garden path condition

the ambiguity is avoided by the presence of a comma.

(2) a. After the Mayor visited(,) the patients were moved to different rooms.
b. While the kids studied(,) their parents were bribing teachers at school.
c. As the boys bathed(,) the dog was busy catching a mouse.
d. Although the soldiers saluted(,) the flag was not on the pole outside.

To maximize the garden path effect, the subordinate verbs in region 4 came
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from a subset of verbs from Ferreira and Henderson (1991) and Staub (2007) that
had the highest proportion of transitive uses relative to intransitive uses, according
to both (Gahl et al. 2004) and to a corpus study using the Corpus of Contemporary
American English (Davies 2008). The strong bias for the transitive use causes a closure
parse which is known to be susceptible to priming, as reflected by decreased reading
times (Noppeney and Price 2004; Traxler 2015), and physiologically by attenuated
neural responses (Noppeney and Price 2004).

All sentences in either condition were followed by a comprehension question, to
which the correct answer was “yes” half of the time. After submitting each answer
participants were informed about whether their selection was correct or not. For
example, after rating (2a) participants were asked The Mayor paid a visit after the
patients were moved. True or False?

These 16 items were pseudo-randomized and interspersed with 16 distractors, of
which there were three types-ungrammatical, grammatical, and grammatical followed

by a comprehension question—as illustrated in (3).

(3) a. *Because a bank, now owns this building the rents are going up.
b. *After arranging the bookshelf we realized a novel missing.
c. As the detective arrived the suspects escaped undetected.
d. As the doctors rested in the cafeteria the patients were re-examined.
[The patients were re-examined at the cafeteria by the doctors.

True or False? |

The distractors contained the same prepended adverbs (plus the adverbs ‘because’,
‘if and ‘whenever’), evenly distributed, and a variety of verbal structures different
from the items. Across items and distractors, no two stimuli featured the same verb
in order to avoid priming effects caused by verb repetition (Fine and Jaeger 2016;
Traxler and Pickering 2005). Although all participants in the experiment saw the same

stimuli, no two participants saw the same order of stimuli.

Procedure
Presentation of the experimental stimuli was done on a web-based interface using
PCIbex (Zehr and Schwarz 2018), such that participants completed the experiments

remotely and did not directly interact with the researchers. At the beginning of each
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experiment session, participants first read an IRB-approved consent form and checked
a box to indicate their consent to participate. Participants were instructed to judge
how natural each sentence was, by giving it a rating from 1 (very unnatural) to 7
(very natural). Participants completed four practice trials at the beginning of each
experiment to familiarize themselves with the task. Each experiment immediately

followed the practice trials.

3.1.2 Results

To account for the possibility of different participants using the Likert scale differently,
we transformed the ratings into z-scores, by participant, before conducting any testing.
A Linear Mixed Effects (LMER) model was fit with z-score ratings as the dependent
variable and with condition (garden path vs. non-garden path) as the predictor.! It revealed
that non-garden path sentences are overall rater higher than the garden path counterparts,
as expected (f = 0.77, SE = 0.1, t = 7.26, p < 0.0001). Next, an LMER model with z-score
ratings as the dependent variable and with an interaction between Group and Condition
as the predictor was significant (f = 0.21, SE = 0.09, t = 2.24, p = 0.024), suggesting
that the effect of sentence condition depends on the reward size: the bonus participants

rated non-garden path items higher than expected, as illustrated in Figure 1.

o
f

Group
E3 Baseline
B3 Bonus

zscore

GardelnPath NonGar;denPath
Condition

Figure 1. Overall z score distribution per condition type

1 In all models reported in this work, variations of each model was ran so that the intercept was allowed
to be adjusted by items, list, subjects, age, and sex, in order to account for random effects. When
LMER models could not converge with multiple random effects, they were tested separately, unless
stated otherwise. The models reported here are those with the best fit.
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Separate LMER models, fit on each of the sentence conditions to predict z-scores
from the group variables indicate that the participant group had no effect on garden
path ratings (f = —0.1, SE = 0.07, t = —1.4, p = 0.14), and approached significance
on non-garden path ratings (§ = 0.1, SE = 0.06, t =1.77, p = 0.07). The latter result
suggests a trend in which increased reward boosts acceptability of uncontroversially
grammatical sentences. Including list, sex or age as random effects did not yield
qualitatively different results.

Bayesian Mixed Effects Linear Regression models (Biirkner 2017) with the same
structure as our LMER models were also ran, in order to check whether including
multiple random effects simultaneously made a difference. We used default (flat)
priors, to keep the model very conservative, and checked it for convergence after
fitting it with four chains and 6,000 iterations, half of which were the warm-up phase,
by verifying that the R-hat values were close to 1, and visually inspecting the chains.
Participant group came very close to conventional significance levels: f = —0.13, Error
= 0.08, Credible interval = [-0.25, 0.01], Evidence Ratio = 15.74, P(f# > 0) = 0.94.
Although the credible intervals technically include zero, this is by a very slim margin,
which is non-negligible value which should not be summarily dismissed by attempts
to dichotomize significance. Stronger results could be obtained with more data and
more informative priors. Different permutation of the random effects did not have
an impact on the results. In a second BRMS model, participant group had an effect
on non-garden path ratings (6 = 0.11, Error = 0.06, Credible interval = [0.01, 0.21],
Evidence Ratio = 23.24, P(f > 0) = 0.96). We conclude that there is evidence suggestive
of an admittedly very subtle trend for higher reward leading to polarization of ratings,
whereby lower acceptability sentences are rated lower than expected, and higher
acceptability sentences are rated higher than expected. We will keep to the LMER
models for the remainder of this study, as they are more widely used and will suffice
for our purposes.

Next, we looked at the effect of presentation order on acceptability ratings. Did
rating change as the experiment progressed? Probing for an interaction between
Condition, Group and Order in predicting z scores, with sentence and participant
as random slopes, we found no evidence of an effect (8 = 0.01, SE = 0.02, t = 0.76,
p = 0.4). Separate LMER models, fit on each of the conditions to predict z-scores
from the interaction between group and order variables found no effect on garden
path ratings (8 = —0.008, SE = 0.01, t = —0.4, p = 0.61), nor on non-garden path
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ratings (f = 0.008, SE = 0.01, t = 0.67, p = 0.53). Including Sex and/or Age as random
effects did not yield qualitatively different results. The results in Figure 2 illustrate
the findings.

Baseline Bonus

0.5
[0) // Condition
) 0.0- GardenPath
3 : — NonGardenPath
N
-0.54

4 8 12 16 4 8 12 16
Order

Figure 2. Mean z score ratings as a function of presentation order

3.1.3 Discussion

Nagata (1987a,b, 1988) hypothesized three possible effects of repeated exposure on
acceptability judgments: leniency (sentences seem more acceptable; related to
habituation), stringency (repeated exposure might highlight more issues in sentences,
leading to stricter judgments), and polarization (confidence in initial judgments might
increase, with good sentences rated better and bad sentences worse). The evidence
described above is consistent with polarization in the reward condition, resulting from
increased confidence about the acceptability of each sentence type. The ratings of
non—garden path sentences were boosted by the bonus group, and there is some
evidence that the ratings of the garden path sentences were curtailed. If this is true,
then increased reward may cause ratings to be more extreme, if only slightly.
Null effects should be interpreted with caution, as it is possible that a very small
impact of reward on acceptability ratings exists but was undetectable in the current

study. It is also worth considering that the null effect may reflect a ceiling effect
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in motivation. If the baseline level of reward was already sufficient to engage
participants fully, increasing the reward might not have provided additional incentive.
Alternatively, participants may not have consciously linked the reward amount to their
ratings, as the task required them to focus on linguistic judgments rather than
performance-based outcomes. As it stands, if such an effect exists, it does not appear

to be very strong, given the small effect sizes.
3.2 Garden path self-paced reading

Chaves and Malone (2022) reports a self-paced reading experiment in which 100
participants recruited via the Amazon Mechanical Turk marketplace were asked to
read garden path sentences of the same kind as (2), and answer comprehension
questions. A sample of the items is shown in (4). This time there was no disambiguated

condition, and all items were garden path sentences.

(4) a. After | the ,| Mayor ;| visited 4| the s| patients ¢ were ;| moveds| to
o| different 1| rooms. i
[The Mayor paid a visit after the patients were moved. True or False?]
b. While ;| the ,| customers ;| ate 4 some 5| food 4| was ;| cookings|
on 5| the 19| grill. 1]

[The customers ate only after all the cooking was done. True or False?]

All participants saw exactly the same sentences, but they were randomly assigned
to either the control group or the bonus group. All participants were informed that
the experimenters might not be able to compensate them if their comprehension
accuracy dipped significantly below 70%. The individuals in the bonus group saw
additional text and instructions informing them that if their comprehension question
accuracy was above 75%, they would receive a bonus of $4.80, for a total of $7.2.
The results suggest that participants in the bonus exhibited a faster rate of reduction
in reading times in the spill-over region, after the disambiguating main verb in region
7. In other words, the reading times for region 8 decreased at a sharper rate for
the control bonus than for the control group. In what follows we describe a replication
of this study.
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3.2.1 Methods

Participants

We collected data from 110 self-reported native speakers of English with IP addresses
originating from the United States, recruited through Prolific. These subjects were
different from those that participated in Experiment 1 above. The data from 7
individuals was excluded from the analysis as their accuracy scores on comprehension
questions were lower than the 75% threshold. The remaining 78 participants had a
mean accuracy level of 84% (SD = 0.05).

Participants were randomly assigned to either the control group or the bonus
group. All participants were informed that the experimenters might not be able to
compensate them if their comprehension accuracy dipped significantly below 70%,
although in practice no participants were excluded from compensation. The individuals
from the bonus group saw additional text and instructions informing them that if
their comprehension question accuracy was above 75%, they would receive a bonus
of $4.80, for a total of $7.2, as in the original study. The participants from each

group saw the same stimuli.

Design and materials

The experimental items consisted of 16 garden path sentences from Chaves and
Malone (2022), very similar to the items in Experiment 1 above. These 16 items were
pseudo-randomized and interspersed with 16 distractors, illustrated in (5), also taken
from Chaves and Malone (2022). Across items and distractors, no two stimuli
contained the same verb, as to avoid priming effects caused by verb repetition.
Although all participants in the experiment saw the same stimuli, no two participants

saw the same order of stimuli.

(5) a. Though 1| the 2| bus 3| driver 4| missed 5| a ¢| street 7| Sue g| was
9| at school 19| on time. 11|

[Sue brought a child home after the bus missed its stop. True or False?]

Procedure
Subjects read sentences in a self-paced moving window display (Just et al. 1982), using
the self-paced reading mode of the PCIbex platform (Zehr and Schwarz 2018). Three
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practice trials were conducted before the experiment started. Each trial began by
presenting a sequence of dashes representing the non-space characters in the sentences.
Pressing the space bar caused the dashes corresponding to the first region to 18 be
replaced by words. Subsequent presses revealed subsequent regions, while the previous
region reverted to dashes. Reading times between each pair of button presses were
recorded. All stimuli items were followed by a Yes/No comprehension question
probing the lingering of the initial interpretation. The correct answer was “yes” half
of the time, and after submitting each answer participants were informed about
whether their selection was correct or not. The stimuli were pseudo-randomized so
that no two participants saw the items in the same order and no more than two
critical items were allowed to immediately follow each other.

Participants took 15 minutes on average to complete the experiment, meaning
that Control group participants were paid at an hourly rate of about $9.4 while the
Bonus group participants were paid at a $28.8 hourly rate. Unlike Chaves and Malone
(2022), we collected demographic information about the participants, namely age and
sex, as collected by Prolific as participants sign up to work on that crowd-sourcing

marketplace.

3.2.2 Results

All observations with reading times lower than 100ms and longer than 2000ms were
removed, excluding 3% of all observations. A LMER models, with residual reading
time as the dependent variable and group (bonus vs. baseline) as the predictor
(allowing the intercept to be adjusted by Sentence), were fit separately for region 7
(the disambiguating region), region 8 (spill-over region), and region 8 (post-spill-over).
Results indicated that the residual reading times for the bonus group were significantly

different from those in the baseline group (reference group) as shown in Table I.

Table 1. Effect of bonus on residual reading times in regions 7-9

Region Baroup SE t p
7 66 30.13 2.19 0.02
8 -77 22.58 -3.44 0.0006
9 39 10.7 3.6 0.0002

These results suggest the bonus group was slower in regions 7 and 9 than the baseline
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control group, but was faster in the spill-over region, as Figure 3 illustrates.

If Sex is added as a random effect in addition to sentence the results are
qualitatively the same, albeit more polarized for the first two regions of interest.
Namely, for region 7 we have fgru = 91 (p = 0.002), region 8 we have Sgroup =
—89 (p = 0.0001), and region 9 feouy = 26 (0.01). If group and sex are instead taken
as interacting factors in region 8, the LMER model is significant (Bgroupxsex = —120,
SE = 46, t = =261, p = 0.009), suggesting that the reading time of males was faster
than that of females, in the bonus condition.

For completeness, a plot with the mean residual times for all sentence regions
is provided in Figure 4. The behavior of the two groups of participants was generally
the same, except that the bonus group slowed down at region 7 and accelerated at
region 8. This is consistent with these participants being more attentive and taking

greater care to perform the task.

30004

20004

1000+

Residual reading times

7 8 9
Regions

B3 Control E2 Bonus
Figure 3. Effect of repeated exposure and reward differential in region 8
Probing for an interaction between group and presentation order in predicting RTs,

with sentence as a random effect, there was no significance in any of the three regions

of interest, even when Sex is included as a random effect:
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Figure 4. Mean residual reading times for all sentence regions

Table 2. Effect of bonus and presentation order in regions 7-9

Region ﬂgroupXordEr SE t p
7 66 30.13 2.19 0.02
8 -77 22.58 -3.44 0.0006
9 39 10.7 3.6 0.0002

As illustrated in Figure 5, all conditions saw a decrease with similar rates,
albeit it is clear that males took longer overall in the baseline (control)

condition.
3.2.3 Discussion

This experiment failed to replicate the main finding of Chaves and Malone (2022),
which was a sharper rate of reading time reduction for the bonus group (as compared
to the baseline group) in the spill-over region 8. In the latter study, participants in
the two groups exhibited a very different processing profile, as illustrated in Figure
6. Overall, increased reward led participants in the Chaves and Malone (2022) study

to take longer to read the sentences across most regions, perhaps a reflection of
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strategies geared to completing the comprehension questions successfully. The wider
error bars in the bonus condition, in particular, are a consequence of adaptive changes

in reading time as the experiment progressed.

Female Male
700
"
[J]
E 600
]
[e)]
£
5 500 - \
©
[J]
—_
© 400 \
=]
k)
3 300
«

4 8 12 4 8 12
ltem presentation order

Control — Bonus

Figure 5. Effect of repeated exposure and reward in spill-over region 8

In the present study, in contrast, there is no difference in overall reading times
across the two groups, perhaps reflecting a population difference between Prolific and
Amazon Mechanichal Turk subjects, and the spread of the error bars is comparable
across both conditions and regions. Despite not replicating the original result, we
observed a different kind of evidence for adaptation to garden path sentences as a
function of reward: faster reading times in the spill-over region for the bonus group,
as compared to the baseline. In other words, the individuals in the bonus used cues
in the input to strategically predict the upcoming structure and recover from the

garden path faster than the individuals in the baseline group.

3.3 Subject island self-paced reading

In this next experiment we investigate whether constructions which are more difficult
to process than the foregoing garden path effect elicit different online strategies as
a function of reward. For this purpose turn to Subject Islands, which are considered
to be among the strongest constraints on English extraction. Whereas it is usually

possible to extract an NP from an NP complement, as in (6), extracting an NP from
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an NP subject as in (7) is much harder, and traditionally regarded as categorically
impossible (Chomsky 1973, 1977; Huang 1982; Kayne 1981; Lasnik and Saito 1992)
until only more recently (Chomsky 2008; Haegeman et al. 2014; Kluender 2004).

‘ .
‘%Basehne --o- Bonus ‘

500 -

450 -

Residual reading time (msec)

400 +

,_
[N]
w
.
ot
[=p]
-1
o |-
<o
=
—
—

Region

Figure 6. Mean residual reading times (Chaves and Malone 2022)

(6) Who did you hear [stories about 1? (Chomsky 1973:86)
(7) a. *Who did [stories about ] terrify John? (Chomsky 1973:92)
b. *a man who [pictures of __ ] are on the table (Chomsky 1986:31,61)

A number of experimental studies have confirmed that interrogative Subject Island
violations are graded and that with mere repetition their acceptability can improve
significantly (Chaves and Dery 2014; Clausen 2011; Francom 2009; Hiramatsu 2000;
Lu et al. 2021) and are processed faster a function of increased exposure (Chaves
and Dery 2019; Chaves and Putnam 2020). Other studies, however, have not found
clear evidence for such amelioration effect (Crawford 2011; Snyder 2000; Sprouse et
al. 2013). Such null results can result of a number of experimental and design factors,
such as an insufficient number of exposures (e.g. no effect was detected by Hiramatsu
(2000) with 4 exposures, but an effect was found with 7), the quality of the items
(Hofmeister and Sag 2010), and statistical methodology. With respect to the latter,
Lu et al. (2024) conducted a meta-analysis that included data from several published
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studies, and found significant amelioration in Subject Islands for the experiments in
Sprouse (2009), even though the original study reported null effects. Taken together,
all extant evidence suggests that that interrogative Subject Islands are quite difficult—

but not impossible—to process, given sufficient exposure in ideal conditions.
3.3.1 Methods

Participants

We analyzed the data from 117 self-reported native speakers of English with IP
addresses originating from the United States recruited through Prolific, with accuracy
scores over the 75% threshold. These subjects were different from those that
participated in the prior experiments, and their mean comprehension question
accuracy was 90% (SD = 0.06). As in prior experiments, participants were randomly
assigned to either the control group or the bonus group. All participants were informed
that the experimenters might not be able to compensate them with $3.6 if their
comprehension accuracy dipped significantly below 65%, although in practice no
participants were excluded from compensation. The individuals from the bonus group
saw additional text and instructions informing them that if their comprehension
question accuracy was above 75%, they would receive a bonus of $5.2, for a total

of $8.7. The participants from each group saw the same stimuli.

Design and materials

The experimental items consisted of 16 subject island sentences like (8),
pseudo-randomized and interspersed with 32 distractors. As in the foregoing studies,
although all participants in the experiment saw the same stimuli, no two participants

saw the same order of stimuli.

(8) a. Which book ;| did ,| the author of ;| nearly 4| die 5| in 4| a recent
7| car accident?
b. Which question ;| did ,| the answer to 3| supposedly 4| satisfy 5| most
6| of ;| the philosophers? g
c. Which bird 4| did ,| the song of ;| almost 4 wake up 5| the baby

in 5| the crib? 4
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The critical region for the experimental items was region 3, since this is the point
at which comprehenders would postulate a gap and link it to the wh-phrase in region
1. Region 4 consitently contained an adverb that is consistent both with an upcoming
verb and with an upcoming subjectembedded object. For example. In (8a) the string
Which book did the author of nearly could in principle be continued by a nominal
phrase like Which book the author of nearly twenty books. This ought to be the a
priori preferential type of contination, as it does not trigger any Subject Island
violation. However, all items in the experiment involved a verb after the adverb, and
triggered a Subject Island violation to which participants need to adapt in order to
be able to parse the sentence. Thus, regions 4 and 5 are regions of interest as well,
since this is where the expectation for an upcoming nominal phrase is contradicted.

The 32 distractors where hetereogenous as illustrated in (9), and half were followed

by comprehension questions, as in (9d,e).

(9) a.Which artifact ;| does ,| the Museum of 3| Fine Arts 4 wish

s| quickly ¢| purchase? ;|

b.Where | did ,| the audience 3| see 4 the ace ;5| of ¢ spades
7| reappear? g|.

c. Which offer ;| did ,| the union ;| leaders 4 decide 5| to
not ;| accept? g

[The union leaders decided that one of the offers was not good
enough. True or False?]

d. Which animal ;| do ,| the villagers 5| allegedly 4| eat 5| as their
6| staple ;| food? g
[The diet of the local inhabitants consists uniquely of grains

and herbs. True or False?]

Procedure

The procedure was the same as for Experiment 2. Participants took 12 minutes on
average to complete the experiment, meaning that the baseline group was compensated
paid at an hourly rate of about $18 while the Bonus group participants were paid

at a $47 hourly rate.
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3.3.2 Results

All observations with reading times lower than 100ms and longer than 2000ms were
removed, excluding 2% of all observations. Regression models with residual reading
times as the dependent variable and participant group (baseline vs. bonus) as the
predictor found that for regions 3 through 5 the bonus group took longer than the
baseline group as shown in Table 3. The addition of random effects did not change

the results qualitatively.

Table 3. Effect of bonus group on residual reading times in regions 3 - 5

Region Baroup SE t P
3 82.05 21.54 3.8 0.0001
4 111.93 21.99 5.09 < 0.0001
5 40.57 17.61 2.3 0.02

As a way of illustrating the findings, see Figure 7. Here, it is clear that the subjects

in the bonus group took overall more time to process the sentence.
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Figure 7. Mean residual reading times for all sentence regions

Finally, LMER models looking at the interaction between participant group and
presentation order were not significant for the regions 3 and 4 (even with random

slope models), but significant in region 5, with item and age as random effects. This
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suggests that participants in the baseline group became faster in this post-spillover
region than the bonus participants, as the experiment progressed. The results are in
Table 4.

Table 4. Interaction of bonus and presentation on regions 3 - 5

Region Beroupxorder SE t p
3 3.0 3.0 1.0 0.31
4 1.9 3.1 0.6 0.54
5 5.6 2.37 2.3 0.01

Participants sped up during the experiment in all regions, as shown by Table 5, which
reports LMER models with residual reading times as the dependent variable and
presentation order as a simple effect. Figure 8 illustrates how spill-over regions 4
and 5 have the sharpest declines, and how the latter shows a subtle difference as

a function of reward.

Table 5. Effect of presentation order on regions 3 - 5

Region Porder SE t p
3 -4.67 2.35 -1.98 0.04
4 -15.34 2.38 -6.44 < 0.0001
5 -15.65 1.88 -8.31 < 0.0001

Looking into each participant group more closely the data becomes multimodal,
with females in the baseline control group being slower than the females in the bonus
group in region 3 (8 = —180.97, SE = 22.44, t = —8.06, p < 0.0001), using LMERs
with group as a simple effect, and item and age as random effects. In contrast, males
in the baseline control group were faster than the males the bonus group in the same
region 3 (f = 262.07, SE = 21.17, t = 12.38, p < 0.0001), using again LMERs with
group as a simple effect, and item and age as random effects, as these result in the
best fit. Although there was no difference between females in the baseline control
group and in the bonus group for region 4 (f = 29.76, SE = 25.23, t = 1.06, p =
0.28) and region 5 (f = 0.78, SE = 17.57, t = 0.04, p = 0.9), males in the bonus
group were slower than those in the baseline control group for region 4 (f = 184.55,
SE = 2231, t = 827, p < 0.0001), and region 5 (f = 66.34, SE = 20.26, t = 3.27,
p = 0.001). Figure 9 serves to illustrate. This suggests that the overal higher reading
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times for the baseline condition were mostly driven by the male participants.
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Figure 9. Residual reading times as a function of participant groups

The by-region plot for the female participants is given in Figure 10. Here we
see the faster reading times for the bonus group than for the baseline control group,
in critical region 3, a difference which vanishes in subsequent regions, as detailed

above. This is consistent with a very rapid adaptation to the structure of the items.
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Figure 10. Mean residual reading times for all sentence regions (women)

For completeness the males” by-region plot is provided in Figure 11, which reveals

a very different processing profile.
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Figure 11. Mean residual reading times for all sentence regions (men)

The latter reveals a very different processing profile, and presumably one in which

the participants in the control group deployed strategies to perhaps to ensure success
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in the task. This included a glaring slow down in region 1, possibly in anticipation
of a difficult sentence to process and risk in failing subsequent comprehension
questions. To be sure, the female age average was 40.2 (SD = 129, N = 62), and
the male average was 39.6 (SD = 114, N = 55), a small difference that is nonetheless
sufficient to be statistically detectable (¢t = 2.51, p = 0.01).

3.4 Discussion

In this study we observe two kinds of adaptation effect. One is sentencewide and
involves slower reading times relative for the participants with higher expected reward
relative to the baseline control participants. This is makes sense, as it suggests that
individuals strategized and took more care to perform the task. The other adaptation
effect is more interesting and localized on the regions of interest in the sentence,
near where the subject island effect is triggered, namely, region 5. Here, reading times
decreased more sharply for some of the participants in the baseline control group,
than for the bonus group, perhaps reflecting lower motivation levels.

Perhaps the most notable effect, however, is the sharp difference in overall reading
times in the critical region 3, which go in different directions according to the sex
of the participant. This might be a quirk in the population of this study, or it might
reflect subtle differences in how these participants react to different expected reward

magnitudes.

4 Conclusion

Experimental syntax research often involves participants processing unusual,
disconnected sentences in artificial tasks. These conditions, combined with varying
participant motivation, might influence both online and offline comprehension
measures, potentially distorting results. This study examines how reward magnitude,
used as a proxy for motivation, impacts experimental outcomes. Our results suggest
that reward incentives can subtly affect outcomes, with differential rewards leading
to more extreme (polarizing) ratings of sentence acceptability (Experiment 1), and
very different reading time profiles. Specifically, bonus group participants tend to take

longer to perform the task (Experiments 2 and 3), which is consistent with
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attention-based strategies, as well as faster recovery from garden path sentences
(Experiment 2) and — at least for some participants — faster recovery from island
violations (Experiment 3).

Overall, the study highlights the nuanced role of expected reward in experimental
syntax tasks and its influence on participant strategies. More research is needed to
verify how robust these effects are. As it stands, the findings suggest that reward
can have a small but measurable effect on experimental outcomes, both in terms of
strategies and more automatic adaptation. Experiments should take to incorporate
a commonsense reward protocol in their experiments, such that compensation is at
a level that is commensurate to the task, using the average from comparable tasks,
or only marginally higher than the average, as extreme values might have a more

pronounced impact.
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