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ABSTRACT

People seem to perceive sentences more favourably after hearing or reading them many times.
A prominent approach in linguistic theory claims that these types of exposure effects (satiation
effects) show direct evidence of a generative approach to linguistic knowledge: only some
sentences improve under repeated exposure, and which sentences do improve can be predicted
by a model of linguistic competence that yields natural syntactic classes. However replications
of the original findings have been inconsistent, and it remains unclear whether satiation effects
can be reliably induced in an experimental setting at all. In this paper, we report the results of
anew experimental paradigm (the Standardised Block paradigm) that reliably induces exposure
effects in wh-question constructions across two languages. We report four new findings. First,
the effects pertain to zone of well-formedness rather than syntactic class: all intermediate
ratings, including calibrated distractor items, increase at the beginning of the experimental
session regardless of syntactic construction. Second, ratings rise but do not satiate. Third, these
effects are consistent across languages. Fourth, wh-question constructions show similar profiles
in English and German, despite these languages being traditionally considered to differ strongly
in whether they show effects on movement: in both languages violations of the superiority
condition can be modulated to a similar degree by manipulating animacy or complexity of the
wh-phrase. We demonstrate that the Standardised Block paradigm improves on classic satiation
methods by allowing two crucial tests to be separated: whether repeated exposure effects exist
at all is tested separately from whether exposure effects selectively target certain grammatical
constructions. We conclude that repeated exposure effects can be reliably induced in rating
experiments but exposure effects do not selectively target certain grammatical constructions.

Instead repeated exposure effects are a phenomenon of gradient intermediate judgements.

INTRODUCTION

Linguistic theory relies crucially on how people perceive strange sentences. Strange sentences
are important because they represent the border between the grammatical and the

ungrammatical: determining the well-formedness of these sentences makes it possible to work
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out what the output of a generative grammar should be by working out which sentences belong
to the set of grammatical sentences and which sentences belong to the set of ungrammatical
sentences. A large body of work demonstrates that people do indeed have consistently stable
intuitions about even strange sentences, and that these intuitions can be reliably measured

through well-formedness judgments [1-5].

Despite this overall stability, it is clear that the way that people perceive grammaticality changes
with time and training and how many times someone sees a sentence. Early work starting in the
eighties [6,7] claims that these changes can be reliably induced in a laboratory setting. In his
seminal (2000) paper [8], Snyder goes further and suggests that such changes in fact yield direct
evidence of a particular type of generative linguistic theory in action. Specifically, this approach
claims that (i) people only change how they perceive some sentences, not how they perceive
all sentences; and (ii) which sentences will be the ones to change under repeated exposure can

be predicted by natural syntactic classes determined by the subjacency model of syntax [9].

However, attempts to replicate the findings in [8] using the classic satiation paradigm have
yielded mixed results. Some studies find satiation effects for certain constructions but not others
[10-14], whereas other studies [15-17] fail to find exposure effects at all (cf. Table 1). The
picture is further complicated by arguments that rating data are inherently ambiguous with
regard to the source of differences, regardless of whether rating data show exposure effects or

not [18].

We argue that this mixed picture arises from the type of method used in these studies: (i) the
classic block paradigm in satiation studies building on [8] contains only a very small number
of items in each block and does not separate the test of whether exposure effects exist at all
from the effect of grammatical construction; and (ii) tests for exposure effects with more items
have been carried out either with non-standard components (e.g. a non-standard rating scale in
the study reported in [6]), conflate the phenomenon of exposure effects with task-related effects

like ordering effects that could instead be controlled for using individual counterbalancing (in
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the studies reported in [18-19]), or do not use intermediate items as comparisons (in the study

reported in [20]).

In this paper, we introduce a new method, the Standardised Block paradigm, that resolves these
ambiguities, reliably induces exposure effects in rating data (against earlier conclusions that
exposure effects do not exist [15]), and provides evidence against claims from the early 2000s
that exposure effects selectively target certain grammatical constructions [8]. Specifically, the
new method includes inbuilt comparisons to separate the question whether exposure effects
exist from the question whether exposure effects depend on grammatical construction, and
introduces a number of standardised components to ensure good design, such as individual

counterbalancing of a high number of items to control for ordering effects [21-22].

In the rest of this introduction, we first lay out the properties of the classic satiation paradigm
(section 1.1), highlighting the usefulness of blocks and considering which types of comparisons
we need to test and falsify the effect of grammatical construction on exposure effects. We then
introduce the phenomenon we take as test case in the present study: superiority effects in

multiple wh-questions (section 1.2.).
Measuring repeated exposure effects
The classic block paradigm

How can we test whether ratings change across a single experimental session? The classic
answer to this question is to take measurements at different points in an experiment and to

compare them.

Early work [6] achieves these measures by running a rating experiment and then running it a
second time immediately afterwards with the same participants. The means change between the
two experiments, decreasing in well-formedness from an intermediate judgement to a lower
intermediate judgement. These experiments show clear change in the intermediate zone of

judgements, sometimes increasing, sometimes decreasing. However, determining the source of
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this variability is impeded by some aspects of the design. For instance, filler items are crucial
to providing context for judgements [2, 3, 15, 23], so are the changes just a result of a design
without balanced filler items? Does the variability come from the type of rating task used and
the type of scale used? Are the changes just a result of the type of target construction used?

There is currently no clear answer to these questions in the literature.

Subsequent work to [6] revisits these changes with two new hypotheses [8]: (i) exposure effects
selectively target certain constructions; and (ii) ratings for these constructions increase under
repeated exposure until they approach the asymptote, i.e. they satiate. More recent work
suggests that shifts in well-formedness do not necessarily imply satiation [20]. Therefore, in
the rest of this paper we use satiation effects to refer specifically to previous studies in the

literature, and otherwise use the term exposure effects.

To test the link between construction and exposure effect, the second wave of studies starting
with [8] uses a block design [8, 10, 11, 12, 13, 14, 17]. Other studies introduce list as a factor
into the linear model without using a block design [18,19,24] or with a block design [20]. Note
that of the linear models, one study [18] tests for ordering effects post-hoc, and two studies [19,
24] do not use a block design or individual counterbalancing, meaning that these tests are testing

ordering effects, not satiation effects per se.

Moreover, testing focuses on six types of ungrammatical constructions involving filler-gap
dependencies. These constructions are illustrated in (1) and the gap is marked with (t) for
‘trace’. In (1a), the argument who moves from within a want-for clause to the front of the
sentence. In (1b), who is extracted from within a clause introduced by whether. In (1¢), who is
moved to the front of the sentence across that. In (1d), what is extracted from within a complex
subject. In (1e), who is extracted from within a complex noun phrase. In (1f), who is extracted
from within an adjunct, and in (1g), how many is extracted from within the noun phrase sow

many books without pied-piping the rest of its constituent.
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1. Classic satiation constructions

a. Want-for: *Who does John want for Mary to meet (t)?

b. Whether-island: *Who does John wonder whether Mary likes (t)?

c. That-trace: *Who does Mary think that (t) likes John?

d. Subject island: *What does John know that a bottle of (t) fell on the floor?
e. Complex NP island: *Who does Mary believe the claim that John likes (t)?
f.  Adjunct island: *Who did John talk with Mary after seeing (t)?

g. Left branch: *How many did John buy (t) books?

[8: (2a), 576]

[8] uses the following steps in order to determine whether satiation has taken place: the number
of “yes” responses is counted in the first two blocks and the last two blocks. If the number of
“yes” responses in the final two blocks exceeds the number of “no” responses, a participant is
deemed to have satiated. If the number of participants who satiated exceeds the number of
participants who did not satiate, then the construction is deemed to satiate. Only participants

who show change are included.

Mixed results across reported studies

Do the constructions in (1) show satiation? Table 1 summarises previous key results.

Table 1. Summary of satiation effects by previous study and construction

Complex NP island
Left branch extraction

Want-for
Whether-island
That-trace
Subject island
Adjunct island

Braze (2002) [12]

<
@
3
=
=]
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7

Chaves and Dery (2014) [19]: yes
exp. 1
Chaves and Dery (2014) [19]: yes
exp. 2
Chaves and Dery (2019) [24]: yes (subject gap)
exp- 1 no (object gap)
Chaves and Dery (2019) [24]: yes (parasitic gap)
exp. 3 yes (object gap)

no  (non-parasitic

£ap)
Crawford (2011) [14] yes no no
Francom (2009) [11]: exp. 1 | yes yes no yes no no no
Francom (2009) [11]: exp. 2 no yes no no no
Goodall (2011) [13] no yes yes yes no
Hiramatsu (2000) [10] yes yes yes yes no no no
Snyder (2000) [8] no yes no no yes no no
Sprouse (2007a) [15] no no no no
Sprouse (2007b) [16]: exp. 1 | no no no no no no no
Sprouse (2007b) [16]: exp. 2 | no no no no no no no
Sprouse (2007b) [16]: exp. 3 | no no no no no no no
Sprouse (2009) [17]: exp. 1-5 no no no no
Sprouse (2009) [17]: exp. 6 no no no no no
Sprouse (2009) [17]: exp. 7 no no no

The main observation to come out of Table 1 is how mixed previous results have been. The
only consistent results are those for left branch extraction. Besides the classic constructions
summarised in Table 1, some limited number of additional constructions have been tested in
English (e.g. sentences with relative clauses and coordination in [16] and sentences with no
inversion in [13], both showing no satiation). Additionally, some limited amount of cross-

linguistic work has been undertaken. [13] reports satiation effects for sentences without
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inversion and double psych fronting constructions in Spanish and no satiation effects for adjunct
islands, subject islands, the complex NP constraint or left branch extraction. In Norwegian,
satiation effects are reported for sentences with long movement, and no satiation for sentences
with short movement or no movement at all or sentences with doubly-filled specifiers [25].
Sentences with crossing movement satiate in the first experiment but not in the second

experiment [25].

Furthermore, even in studies that show no construction-specific satiation effects, researchers
nonetheless report a high degree of individual variability. For instance, in the first experiment
reported in [15], no satiation effects are reported in any constructions, but nonetheless a small
percentage of participants are “satiaters” in all but left branch extraction: 9% in want-for
constructions, 14% in whether-islands, 24% in that-trace islands, 24% in subject islands, 9% in
complex NP islands, and 24% in adjunct islands. For comparison, the study in [15] also reports
for the same experiment that 9% did not satiate in want-for constructions, 19% did not satiate
in whether-islands, 14% did not satiate in that-trace islands, 9% did not satiate in subject
islands, and 9% did not satiate in complex NP islands. In some constructions therefore, the
quantity of satiating participants is actually higher than the quantity of non-satiating
participants, e.g. in subject islands and sentences with that-trace effects. In all constructions,
these results highlight how much of the variability and data is lost in the classic satiation
paradigm [8, 15]: over 50% of participants in the first experiment in [15] showed no change,

and therefore neither satiated nor failed to satiate.

Why are the results so mixed? According to one prominent hypothesis, the Response
Equalisation Strategy [15], satiation effects simply result from task effects. Under this view,
the reason that the results in the literature are so mixed is simply because some experiments use
unbalanced designs and others do not. The study in [8] contained more ungrammatical fillers
than grammatical fillers [15]. Therefore when participants were asked to make binary

judgments about whether the sentence was well-formed, the overall set of stimuli would mean
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that they were necessarily giving more ‘no’ responses than ‘yes’ responses. The Response
Equalisation Strategy corrects for this by increasing the number of ‘yes’ responses across the

experimental session, causing ratings to rise [17].

The Response Equalisation Strategy does not appear to wholly explain exposure effects. Results
from an experiment with more grammatical than ungrammatical fillers show that participants
do not lower their ratings if the unbalanced ratio of grammatical to ungrammatical fillers is
inverted [19]. The one-way nature of the change in judgements indicates that exposure effects

are not solely controlled by the desire to equalise “yes” and “no” responses [19].

A number of studies introduce balanced and unbalanced filler sets in order to balance the
experiment. Fillers have been balanced between ungrammatical and grammatical [12, 15]
experiments 1 to 5 in [17], the second experiment in [11, 14, 19, 24]. A number of further
studies mix grammatical and ungrammatical fillers with either more grammatical than
ungrammatical fillers (8, experiment 1 in 11, 13] or with more ungrammatical than grammatical

fillers [16, 17].

Crucially however, in studies using balanced as well as unbalanced fillers, all the filler items
fit into binary categories of grammatical and ungrammatical. None of the studies use
intermediate fillers items. This choice of filler items does balance out the experiment in terms
of the types of sentences that participants are presented with, but at the same time it also has an
unintended negative consequence for testing the theory behind satiation effects: it means that
the only intermediate items are the target constructions. Categorical sets of fillers therefore
introduce a confound to the classic satiation paradigm: none of the previous studies allow
exposure effects related to zone of well-formedness to be separated from construction-specific
effects, simply because none of these studies since [8] include any intermediate items among
the fillers. Therefore, satiation effects could be to do with construction, but they could also just

be to do with zone of well-formedness.
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Is it plausible that zone of well-formedness explains the distribution of satiation effects? One
way to assess this hypothesis already with previous studies is to look at mean judgments.
Unfortunately, many studies do not report means. One study that does report means fits with

the zone of well-formedness explanation is illustrated in (2).

2. Means and satiation effects by construction in [20]
a. Grammatical prepositional dative (dative-only verb): does not satiate, m=5.733s
b. Garden path (unambiguous complement): does not satiate, m=>5.443
c. Garden path (ambiguous relative clause) : satiates, m=4.153
d. Centre embedding (1 degree): satiates, m=3.853
e. Ungrammatical double object construction (dative-only verb): satiates, m=3.817
f.  Grammatical binding: does not satiate, m=3.63
g. Principle A binding violation: does not satiate, m=3.287

h. Centre embedding (2 degrees): does not satiate, m=1.813

(2) shows that satiation effects also coincide with those constructions with intermediate means:
satiation affects garden path constructions with relative clauses, centre embedding with one
degree of embedding and ungrammatical double object constructions. All of these constructions
involve means between 3.817 and 4.153. Constructions with both higher and lower means do
not satiate. The authors in [15] attribute the changes they found to increased fluency of
comprehension. We understand this hypothesis as fitting with a correlation between

intermediate judgements and satiation.

The idea that exposure effects relate to intermediate judgments rather than natural syntactic
classes is not new: already in the 80s, reports were made movement amongst intermediate
judgments [6]. However, [8] dismisses this possibility, as does [13]. The initial claim in [8]
came from asking an additional 10 subjects to take part in the same satiation experiment where
the “yes”/’no” task was replaced with a rating scale. The mean ratings are given in (3), along

with their status with regard to well-formedness.
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3. Means from post-test (N=10) in [8]
a. Want-for: no satiation (m=4.15)
b. Whether-island: satiation (m=3.35)
c. That-trace: no satiation (m=2.95)
d. Subject island: no satiation (m=2.6)
e. Complex NP island: satiation (m=1.9)
f. Adjunct island: no satiation (m=1.65)

g. Left branch: no satiation (m=1.05)

Snyder [8: 579] concludes from these means that “the satiability of a sentence type does not
appear to correspond in any simple way to its initial well-formedness”. [13] repeats and agrees
with this assertion in [8], and claims that the results from the English experiment he reports
agrees with the lack of correlation between well-formedness and satiation. Specifically, he
points to two constructions that show similar initial percentages of “yes” responses in the first
two blocks and different percentages of “yes” responses in the final two blocks (complex NP
Constraint, 23.35% in the first two blocks compared to 41.1% in the final two blocks; and that-
trace, 24.45% in the first two blocks compared to 24.45% in the final two blocks). However,
the method to achieve these results was run post-hoc after a first analysis of the data using the
[8] method and deviates from the standard method to evaluate satiation in [8]. More
importantly, the two methods actually suggest different pictures: the results from the first,
classic, method that counts the number of English-speaking subjects that satiate suggests that
the complex NP constraint and that-trace conditions behave more alike than differently (the
complex NP constraint has 10 satiaters, and the that-trace construction has 5 satiaters, compared
to 4, 2, 1 and 0 for sentence types with no inversion, subject islands, adjunct islands and left
branch extraction respectively). Under the second method, taking overall percentage of “yes”
responses across participants, complex NP constraint shows a change between the initial and

final blocks, whereas that-trace does not. What these results underline is not that the presence
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of exposure effects does not correlate with well-formedness, but that a more reliable method is

needed to test for exposure effects in rating data in the first place.

The main issue at the moment is that we do not have enough information to answer the question
whether zone of well-formedness is sufficient to explain satiation effects. Part of the issue is a
recurrent one in generative work in linguistics: experimental paradigms are not set up to
disprove a hypothesis, meaning that they either provide evidence for a theoretical hypothesis

or return a null effect.

In the case of repeated exposure effects, what we need to test the link between construction and
increase in rating is a paradigm that (i) includes intermediate judgements as comparisons; and
(i) that keeps the block design. Keeping a block design allows principled points of
measurement throughout the experiment to allow for a more principled way of controlling for
individual variation. Such a paradigm can separate the test whether exposure effects exist from
the test whether such effects target only certain constructions. We introduce such a method in

this paper.

A new test case with high variability: superiority effects in multiple wh-constructions

What would be a good initial test case for such a paradigm? Ideally, we would want a
construction that has not yet been tested, and that shows a high degree of variability from

multiple sources. Superiority effects in multiple wh-questions [26] fit these requirements.

Current grammatical models attempt to derive the effects of the superiority condition from more
general principles, such as the Minimal Link Condition [27]. Here we use Chomsky’s original
formulation for the superiority condition in (3) and examples of the construction are given in

“4):
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4. Superiority condition: definition
a. No rule can involve X, Y in the structure

X .o dle - Z . WYz L]

where the rule applies ambiguously to Z and Y and Z is superior to ¥’
[28: (73), 66]

b. “the category 4 is “superior” to the category B in the phrase marker if every major
category dominating 4 dominates B as well but not conversely”
[28: 66]
5. Superiority condition: example
a. John knows who saw what.

b. *John knows what who saw what.

[28: (70), 66, formatting changed]

In the sentences in (3), the subject who is superior to (the object what, but the object what is not
superior to the subject who. In (3a), the subject who and object what are both in their base order
and the sentence is well-formed. (3b), in contrast, cannot be derived because the rule preposing

wh-phrases cannot apply to what (=Y) because who (=Z) is superior to what.

Superiority effects show a particularly high degree of variability with multiple factors
influencing the judgments (among them being the permissibility of in situ wh-subjects, the
nature of the cues identifying grammatical functions and interference effects [29]) making them

particularly suitable for this kind of study.
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EXPERIMENT 1: RATING OF GERMAN SENTENCES

Experiment 1 tests exposure effects in German superiority constructions for multiple wh-
questions using a new method. Specifically, we address the issues with the classic satiation

paradigm in two ways.

First, we introduce two new types of comparisons to test whether any exposure effects result
from grammatical construction. One type of comparison is between target items and
standardised filler items. These filler items differ from balanced filler items used in previous
studies in two ways: (i) they involve multiple levels of gradient rather than just acceptable
versus unacceptable; and (ii) they are part of a standardised set that was developed and
calibrated by an independent research group [3, 30]. The second type of comparison is a cross-
linguistic comparison achieved by yoking the experiment across German and English (a
discussion of the methodology of yoking experiments across languages with the example of

superiority effects in German and English can be found in [31]).

Second, we bring the experiments in line with current standard psycholinguistic practice: we
increase the quantity of items, and counterbalance these across blocks and participants, meaning
that we can analyse the results using linear mixed models that take different sources of
variability into account (unlike the studies in [8, 15]), whilst also controlling for confounding
influences of ordering effects (unlike the studies in [18, 19]). This method provides a way of
testing whether exposure effects exist at all that is independent of the construction used to test

them.

Method

Subjects

A total of 55 students and employees of the University of Potsdam participated in the study.
Only the results of German native speakers were included in the evaluation; two participants

were excluded due to technical failures. Of the remaining 48 participants, 4 were male and 44
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female and ranged between 19 and 40 years of age, with an average age of 24 years.
Recruitment was carried out via flyers distributed on campus, internet advertisements on
various platforms, and an e-mail distribution list from a university experimental laboratory.
Participation was voluntary and was remunerated with study credit or eight euros. All

participants were naive with regard to the questions and objectives of the study.

Apparatus

The experiment was conducted in the experimental psychology lab at the University of
Potsdam. Three soundproof computer booths were used. The experiment was implemented
using the Python software PsychoPy version 1.84.2 [32] and the stimulus material was
presented on a computer screen; ratings of “1” to “7” of sentences were entered on a standard

computer keyboard with a German keyboard layout.

Material

The material consisted of 120 target and 252 filler sentences. The target sentences represent
indirect multiple wh-questions in subordinate clauses. Each target sentence was available in

four conditions:

6. German target conditions

a. Condition 1: subject-initial; matching animacy (wer-wen)

Keinesfalls wusste die Haushélterin genau, wer bei der Gartenfeier wen

certainly.not knew the housekeeper exactly who by the garden.party who

standig angesehen hat.

continuously looked.at had

The housekeeper certainly did not know exactly who had kept on looking at who(m) at

the garden party.
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b. Condition 2: subject-initial; mismatching animacy (wer-was)
Keinesfalls wusste die Haushélterin genau, wer bei der Gartenfeier was
certainly.not knew the housekeeper exactly who by the garden.party what
standig angesehen hat.

continuously looked.at had

The housekeeper certainly did not know exactly who had kept on looking at what at

the garden party.

c. Condition 3: object initial; matching animacy (wen-wer)
Keinesfalls wusste die Haushilterin genau, wen bei der Gartenfeier wer
certainly.not knew the housekeeper exactly who by the garden.party who
standig angesehen hat.
continuously looked.at had
The housekeeper certainly did not know exactly who had kept on looking at who(m)

the garden party.

d. Condition 4: object initial; mismatching animacy (was-wer)

Keinesfalls wusste die Haushélterin genau, was bei der Gartenfeier wer

certainly.not knew the housekeeper exactly what by the garden.party who

standig angeschen hat.

continuously looked.at had

The housekeeper certainly did not know exactly who had kept on looking at what at the

garden party.

A first factor manipulates the superiority/crossing movement variable: conditions 1 and 2

contain two wh-phrases and the subject precedes the object. These conditions therefore
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illustrate instances where superiority is respected, and act as controls against which to compare
the superiority violations. Conditions 3 and 4 contain the crucial superiority violations. In these
conditions, the object wh-phrase crosses in front of the subject wh-phrase, meaning that

superiority is violated.

A second factor manipulates an extra-grammatical feature, namely the animacy of the wh-
phrases. Thus, subject and object match in animacy in two sentence types, namely (6a) and
(6¢), while the other two conditions, namely (6b) and (6d) have subjects and objects that do not
match in animacy. We start here from the assumption that differences in subject and object

increase the well-formedness of crossing movement [31, 33].

One half of the target sentences had, as in the example above, an adverb at the beginning of the
main clause and the other half at the end of the main clause. In the subordinate clause there was
an adverb after the second wh-word. We used adverbs because the goal of stimulus construction
to create sentences that sound as natural as possible and it was certain that the use of adverbs

would contribute significantly to this.

The distractor sentences represented six grammatical levels with 42 items each. For the first
five gradations from (A) "almost not well-formed" to (E) "completely well-formed", we used
calibration sets from [3] to create the fillers. That is, we started from single examples of each
construction at each acceptability level (3 constructions x 5 levels) [3], and created 195 more
fillers on the same template. We then added a sixth level (F) "uninterpretable and unacceptable"

to provide a clearly ungrammatical level and better reflect the spectrum of grammaticality.

7. German filler examples (based on the Featherston fillers)
a. Level A: Interpretable and highly acceptable
In der Mensa essen viele Studenten zu Mittag.
In the canteen eat.3PL many students  to lunchtime

Many students have lunch in the canteen.
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b. Level B: Interpretable but less acceptable than (A)
Der Kaiser  hat dem Fiirsten den Maler empfohlen.
The emperor has the prince the artist recommended
The emperor recommended the artist to the prince.

c. Level C: Interpretable but less acceptable than (B)
Ich habe dem Kunden sich selbst im  Spiegel gezeigt.
I havethe client himself REFL himself in.the mirror shown
I showed the client himself in the mirror.

d. Level D: Interpretable but less acceptable than (C)
Der Komponist hat dem neuen italienischen Tenor es zugemutet.
the composer has the new Italian tenor it expected.of
The composer expected it of the new Italian tenor.

e. Level E: Interpretable but less acceptable than (D)
Der Waffenhéndler glaubt er, dass den Politiker bestochen hat.
The arms.dealer believes he that the politician bribed has
1t is the arms dealer that he believes bribed the politician

f. Level F: Uninterpretable and unacceptable
Die Tinte wurde fiir vergossen.

the ink was for spilled

Note that in (7), we follow the convention of providing literal translations for individual items
in glosses, followed by the closest meaningful translation in English on a separate line (here in
italics). Therefore, although the translations for filler levels (A) to (E) are all fully acceptable
and well-formed in English, the German examples themselves from (B) through (E) are not
fully acceptable: they decrease in well-formedness between the highest level (A) and the lowest
level (F). The lowest filler (F) is intended to be uninterpretable, meaning that there is no

meaningful way for all the words to be integrated into the interpretation of the whole sentence,
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and therefore no full translation of the whole sentence to English. For filler (F), we therefore

provide only literal translations for individual items in the gloss, and leave the translation blank.

Design and counterbalancing

The experiment comprised six blocks of 372 items. Each subject saw all target sentences once,
an equal number in each of the four conditions, and also each of the filler sentences. Each block
consisted of 62 items (4 x 12 target sentences and 24 filler sentences). The counterbalancing
scheme also ensured that all items were seen equally often across the six blocks — a constraint
imperative for the examination of satiation experiments, and particularly important when the
number of items per block is higher than 1, as in Snyder’s original paradigm. Also target
sentences were seen equally often in the four conditions. Transitions between the four
experimental conditions and the six types of fillers occurred equally often, that is we
implemented a Williams design. Finally, the item sequence was subject to the following
constraints: (a) no immediate repetition of target sentences (i.e., target sentences were bracketed
by at least one filler sentence), (b) no immediate repetition of the same experimental condition,
and (c) no immediate repetition of the same type of filler sentence. This design requires a

multiple of 24 subjects and determined the total number of 48 subjects.

Procedure

After providing informed consent and collection of demographic information, subjects were
instructed in the well-formedness rating procedure. Specifically, they were asked to judge the
well-formedness of the sentences according to spoken—not written—language and to use the
full spectrum of the seven-point scale. They practiced the procedure with nine examples
spanning the scale of well-formedness, including two of the uninterpretable fillers (filler level
F). Then, each subject worked through the six blocks of sentences; durations of breaks between

blocks was under the subjects’ control.
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Statistical analysis

For data aggregation, graphics, and inferential statistics, the open source software R [34] was
used, and especially package /me4 [35] for linear mixed models (LMMs) as well as packages
tidyverse [36], cowplot [37], sjPlot [38], and broom.mixed [39] for pre-processing of data and

post-processing and visualization of results.

Target sentences

The primary LMM included subjects and items as crossed-random factors and subject- vs.
object-initial word order (2), animate vs. inanimate objects (2), and six blocks of 42 trials as
fixed factors. The three factors were varied within-subject and within-items ensuring that all
sentence frames were rated equally often in the 24 conditions. Across blocks we expected
satiation of well-formedness ratings, that is ratings would increase and eventually reach an
asymptote. Therefore, a Helmert contrast was specified for block to capture the point at which
the rating did no longer change. To this end the first contrast tested block 1 against the average
of blocks 2 to 6, the second contrast the second block against the average of blocks 3 to 6, and

SO on.

Within-subject or within-item factors give rise to variance components (VCs) and correlation
parameters (CPs) of the mean rating and of experimental effects. We selected a complex mixed
model following a strategy outlined in [40]; see also [41]), leaving out contrasts for blocks
beyond the first one. Specifically, we started with an LMM including the VCs and CPs for
Grand Mean (GM), first-block contrast (b7), contrast for subject vs. object initial word order
(s0), contrast for animate vs. inanimate objects (an), and all their interactions. None of the
estimates appeared at the boundary (although some of the VCs were quite small). Forcing CPs
to zero (zcpLMM), led to a significant decrease in goodness of fit. We stayed with the complex
LMM (cmplxLMM); note that fixed effects which are the focus here did not differ for

cmplxLMM and zecpLMM.
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Target in the context of filler sentences

A second, post-hoc LMM included ratings of both target and filler sentences. We specified a
block (first block vs. average of blocks 2 to 6) x type of sentence (10) design; type of sentence
comprised four types of target and six types of filler sentences. Sentence types were assigned
to levels of a factor according to their overall mean rating of well-formedness. Then sequential-
difference contrasts across these levels were specified for the factor and interactions between
block and nine contrasts; five of these nine block x type-of-sentences contrasts tested the null
hypotheses that increase in well-formedness ratings from block 1 to block 2 did not differ (C1

to C5 [21].

As the six types of filler sentences varied between items, only two of the nine contrasts for
sentence types and their interactions with block yielded estimates for VCs and CPs; all nine
sentence types varied within subjects. Forcing CPs to zero did not lead to a significant decrease
in goodness of fit according to AIC and BIC criteria. The zepLMM was still slightly
overparameterized. VCs estimated at the zero boundary were removed in a third step. We report
estimates for this parsimonious LMM (prsmLMM). Due to their complexity we fit these models

with the JuliaStats/MixedModels.jl package [42].

Given the large number of subjects, items, and observations, the usual t-distribution
approximates the normal distribution. Therefore, we report test-statistics (estimate / standard

error) as z-values and interpret absolute values larger than 2 as significant.

Results and Discussion

Target sentences

The first analysis focuses on the target sentences involving multiple questions. The four types
of sentences using constructions of (a)“wer-wen”, (b) “wer-was”, (c) “wen-wer”, and (d) “wen-
was” for the same sentence frames map onto a 2 x 2 design with the main effects subject-vs-
object initial sentences (so; at+b-c-d) and animacy of object (an; at+c-b-d) as well as the

interaction between these two effects (a-b-c+d). In addition, this 2 x 2 design was repeated
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across six blocks of trials. Figure la displays the change in ratings of well-formedness for the
four types of target sentences shown in red; the figure also shows performance for the types of
filler sentences, but we initially focus only on the target sentences. Supplement Table S1

contains the LMM fixed-effect estimates and statistics.
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Figure 1. Well-formedness ratings (a) by block and (b) for first block and mean of later blocks for German target

and filler sentences.

As expected, the two subject-initial sentences were rated as more acceptable than the two
object-initial ones, yielding a significant main effect of order (b=0.52, z=8.97). Overall, there
was no significant difference between animate and inanimate objects (b=-0.05, z=-1.62), but
there was a significant interaction with order (b=0.13, z=5.00): there was a very clear preference
for the inanimate “was-wer” construction over the animate “wen-wer” construction for object-
initial sentences, whereas — at least in the first block-- the reverse preference held for subject-

initial sentences.
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Indeed, the pattern of change across blocks followed a very simple structure: overall, there was
a significant increase in ratings from the first to the average of blocks 2 to 6 (b=0.31, z=3.24),
and this increase was different for the interaction of order and animacy (b=-0.15, z=-2.60): As
is clearly visible in the figure, ratings increased less strongly for “wer-wen” and more strongly
for “wer-was” constructions than the other three conditions. None of the other contrasts defined
for the change in ratings across blocks, nor — with one exception — none of the other interaction
terms involving these contrasts were significant (all z-values <2.00). The exception is a marked
violation of parallelism between block 4 and 5: only the “was-wer” construction exhibited in

increase in rating (b=0.10, z=2.34). We consider this interaction as spurious.

There are three main results. First, there is clear evidence for large differences in the judgement
of well-formedness of multiple questions with a clear preference for subject-initial than object-
initial sentences, in line with previous experiments [3, 31, 33] and at the same time there is no

reliable evidence that these preferences changed much after one block of trials.

Second, for object-initial sentences, mismatched animacy is preferred to matched animacy. The
condition with mismatched animacy is almost on par with subject-initial conditions, in line with
the findings in [31, 33]. It is only in the condition with matched animacy that a superiority
effect can be seen, and even here the condition is more acceptable than three of the filler levels
(including filler levels D and E that are interpretable), suggesting that the sentence is not
categorically ill-formed. This finding is consistent with the claim that German has no
superiority condition in the grammar and shows only selective superiority effects in cases where
processing difficulty is increased [29]. There is also a local ambiguity for the inanimate “was”
which can serve both as subject or object of the sentence whereas the animate “wen” can only
be interpreted as an object (i.e., it is unambiguously morphologically marked). One could
assume that ambiguity leads to greater processing difficulty and therefore to reduced well-

formedness. However, our results show that presumably the default expectation of a subject-
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initial sentence when encountering “was” confers an well-formedness advantage even if the

initial interpretation as subject of the sentence must be revised later.

Finally, there is a general increase in well-formedness from the first to the second block of trials
and this increase was stronger for “wer-was” constructions than the other three. Thus, it appears
that the difference in well-formedness with an animacy mismatch in subject-initial sentences

can be overcome with modest exposure with the mismatch condition.

Target sentences in the context of filler sentences

Is the increase in well-formedness from block 1 to block 2 related to sentence type — and
therefore to natural syntactic classes - or is it rather a reflection of the general level of well-
formedness? We use the ratings of filler sentences to address this question. As for target
sentences, there was no interpretable change in well-formedness ratings from block 2 to block
6 for the types of filler sentences relevant for the comparison with targets. Therefore, we
averaged the performance of the final five blocks for the ten types of sentences. Figure 1b

exhibits the corresponding pattern of mean changes between block 1 and block 2.

The four types of target sentences were presented together with six different types of fillers A
to E which were expected to cover the spectrum from clearly grammatical (A and B) to
increasingly ungrammatical (C to F). Experience with “unusual” grammatical target sentences
that are licensed by the grammar (i.e., object-initial target sentences) should lead to a larger
gain in ratings of well-formedness than typical grammatical filler sentences like A and B (i.e.,
the latter should already be rated at a very high level — there is no or only little room for
improvement) and also to a larger gain than for ungrammatical sentences like C to F (i.e., they

should be rated at a low level and stay there because they are not licensed by the grammar).

Critical tests refer to interactions between block and neighboring sentence types. The contrast
for the two subject-initial targets illustrates interactions in support of grammatical activation:
“wer_wen” is rated higher than “wer_was” (b=0.30, z=4.26) and shows less of a gain between

blocks (b=-0.44, z=-3.65). However, in the middle range of well-formedness ratings there is no
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evidence for differential gains: “wer_was” is rated higher than filler type C (b=0.32, z=2.42),
but there is no significant interaction with block (b=-0.15, z=-1.09. Filler type C is rated higher
than the object-initial target sentences “was_wer” (b=0.42, z=2.91), but exhibits a small, but
significantly larger gain (b=0.27, z=2.12). For the two object-initial targets we observe higher
rating (b=0.40, z=4.24) for “was_wer” than “was_wen”, but no significant difference in gain
(b=-0.15, z=-1.16). There is one ambiguity: “wen_wer” is rated significantly higher than filler
type D (b=0.46, z=2.70) and significantly benefitted from exposure whereas filler type D stayed
at the low level of acceptability (b=0.34, z=2.54). Possibly, D represents a ‘“hard-core”
ungrammatical filler type from the beginning. In general, the results do not allow us to reject
the hypothesis that initial gains are due to the general level of well-formedness, but there is

some ambiguity for low levels of well-formedness.

In summary, the German data shows that (i) regardless of exposure effects, the strength of
superiority effects can be modulated by manipulating animacy (here we replicate previous
findings in the literature, e.g. [31]); (ii) exposure effects can be reliably induced experimentally;
and (iii) exposure effects may be a property of intermediate judgements rather than of certain

types of syntactic constructions.

EXPERIMENT 2: RATING OF ENGLISH SENTENCES

For German, many authors assume that object-initial multiple questions are indeed grammatical
because the superiority condition (or the more general constraints implying it) can be
circumvented or fail to apply because of peculiarities of German sentence structure. When
crossing movement is less acceptable, such differences in intuitions are taken to result from
grammar-external factors such as increased processing complexity (e.g. [29]). Do patterns of
exposure effects change in a language that has a grammatical superiority condition? In this
section, we report a parallel (yoked) study to the German one in English, where it is still

controversial whether superiority violations are ungrammatical or not (e.g. [18, 31] for recent
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discussion). We test whether we find the same or a different pattern of exposure effects to

German.

Instead of varying the animacy of the wh-phrases, we instead varied how specific the wh-
phrases were by using discourse-linking, a grammatical device that picks out a specific referent
in the wider discourse context. In the discourse-linking factor, simple wh-phrases like what or
who contrast with more complex wh-phrases with specific referents like which book or which
person. Discourse-linking in English parallels animacy in German for two reasons. First,
animacy does not influence the strength of superiority violations in English, meaning that this
factor is not an appropriate choice for modulating island well-formedness [31]. Second it is
known that discourse-linking changes the well-formedness of island constructions, including
the well-formedness of multiple wh-questions by eliminating penalties for crossing movement
[43, 44], cf. also [3] for experimental evidence supporting this assumption in the generative

literature.

Method
Subjects

A total of 48 people participated in the study. Fourteen self-identified as male, 32 self-identified
as female and 2 subjects selected “other” under gender. Ages ranged between 18 and 48, with
an average age of 31 years. Recruitment was carried out through the web-based recruitment
platform, Prolific. Participation was voluntary and was remunerated with £6.80. All

participants were naive with regard to the questions and objectives of the study.
Apparatus

The experiment was conducted using Ibex software on the web-based Ibex Farm server

(https://spellout.net/ibexfarm, developed by Alex Drummond). For the lab-based study, we had

generated distinct questionnaires for each participant. To retain distinct counterbalancing in this

web-based version, we created 48 distinct questionnaires with unique links. Participants first
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clicked on a welcome page and then received a unique link, in randomized order. Clicking on
the link led them to the questionnaire. The stimulus material was presented on a computer
screen; ratings of “1” to “7” of sentences could either be entered on a keyboard or by pointing

and clicking the mouse on the screen.

Material

As in the German study, material consisted of 120 target and 252 filler sentences. The target
sentences themselves were translations of the German material with some adjustments. Instead
of animacy we implemented discourse linking as a second factor. We also left out adverbs
because including adverbs in English did not make the sentences sound more natural, and

changed the content nouns in some sentences.

As for German sentences, target sentences represent indirect multiple wh-questions in

subordinate clauses. Again, each sentence was available in four conditions:

8. English target conditions
a. Condition 1: subject-initial; non-discourse-linked object: who — what
The housekeeper forgot who had dropped what during the party.

b. Condition 2: subject-initial; discourse-linked object: which Nsubj — which Nob;

The housekeeper forgot which guest had dropped which glass during the party.

c. Condition 3: object-initial; non-discourse-linked object: what — who
The housekeeper forgot what who had dropped during the party.
d. Condition 4: object-initial; discourse-linked object: which Nob; — which Niub;

The housekeeper forgot which glass which guest had dropped during the party.

The first factor ‘superiority’ can be seen by comparing (8a-b) with (8c-d). In the examples in
(8a) and (8b), the subject appears before the object and thus fulfills the superiority condition.
Examples (8c) and (8d) violate the superiority condition because the wh-object crosses in front

of the wh-subject. The second factor of discourse-linking can be seen by comparing (8a) and
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(8c) with (8b) and (8d). In (8a) and (8c), the subject and object are the non-discourse-linked
wh-words who and what, whereas in (8b) and (8d) the subject and object are the discourse-

linked DPs which guest and which glass.

The distractor sentences represented six levels of well-formedness, as with German. Each level
of well-formedness was made up of 42 items. The top five levels were each made up of three
constructions that were identified in [30] as consistently rating at that gradient level. To create
the fillers, we used the three example items from [30] for each level and created additional
items until we reached the desired number of 42. We then added an additional sixth gradation
(F) "not at all well-formed" to better reflect the lower end of the spectrum of grammaticality

(see Supplement for the complete list of target and filler sentences).

9. English filler examples (based on Featherston fillers)

a. Level A:
The patient fooled the dentist by pretending to be in pain.
There is a statue in the middle of the square.
The winter is very harsh in the North.

b. Level B:
Before every lesson the teacher must prepare their materials.
Jane does not boast about her being elected president.
Jane cleaned her motorbike with which cleaning cloth?

c. Level C:
Hannah hates but Linda loves eating popcorn in the cinema.
Most people like very much a cup of tea in the morning.
The striker must have fouled deliberately the goalkeeper.

d. Level D:
Who did she whisper that had unfairly condemned the prisoner?

The old fisherman took her pipe out of mouth and began story.
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Which professor did you claim that the student really admires her?
e. Level E:
Historians wondering what cause is disappear civilisation.
Old man he work garden grow many flower and vegetable.
Student must read much book for they become clever.
f. Level F:

The ink was for spilled.

For the construction we used native speaker intuitions of naturalness from one of the
investigators as the guiding principle. We again based the filler items on calibrated sets of
distractor items developed by an independent research group, outlined for English in [30]. As
in German, we started from the one example per construction cited in the paper for each of the
top 5 levels of well-formedness, created further items on that same template, and then created

a sixth uninterpretable filler level to reach a total of 252 filler items.

Design and counterbalancing

Counterbalancing was identical to the German study. In order to implement the individualized
counterbalancing scheme over the internet, we created unique questionnaires for each

participant ID, and assigned participants to IDs using a random link generator in Ibex Farm.

Procedure

Subjects were instructed to judge the well-formedness of the sentences according to their
judgements of spoken language, rather than written language that they might find in a textbook,
and to use the full spectrum of the seven-point scale. They practiced the procedure with ten
examples. Then, each subject worked through the six blocks of sentences; durations of breaks

between blocks was under the subjects’ control.
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Statistical analysis

Statistical analysis for the English study followed the same procedure as in Experiment I,
except that the order of levels for type of sentence was different and consequently also the

contrasts resulting from the application of the sequential-difference contrast to this factor.

Results and Discussion

Target sentences

The four types of sentences using constructions of (a)“who-what”, (b) “which Nsubj-which Nob;”,
(c) “what-who”, and (d) “which Nepj-which Ngu;” for the same sentence frames map onto a 2 x
2 design with the main effects subject-vs-object initial sentences (so; a+b-c-d) and discourse
linking of subject and object (dlink; a+c-b-d) as well as the interaction between these two effects
(a-b-ctd). In addition, this 2 x 2 design was repeated across six blocks of trials. Figure 2a
displays the change in ratings of well-formedness for the four types of target sentences shown
in red; the figure also shows performance for the types of filler sentences. Supplement Table

S2 contains the LMM fixed-effect estimates.

Here again, the two subject-initial sentences were rated as more acceptable than the two object-
initial ones, yielding a significant main effect of order (b=0.67, z=12.25). Overall, there was
also a significant difference between sentences with discourse-linked wh-phrases to sentences
without discourse-linked wh-phrases (b=-0.35, z=-6.76) qualified by a significant interaction
with order (b=0.43, z=9.49): Subject-initial word order was clearly preferred with or without
discourse-linking to the other two conditions; for object-initial word order there was a clear

preference for the discourse-linked construction (“which Nobj — which Ngup;”).
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Figure 2. Well-formedness ratings (a) by block and (b) for first block and mean of later blocks for English target

and filler sentences (web experiment).

The change in ratings across blocks showed an overall profile that was less clear than for
German sentences: There was a nominal, but not significant increase from block 1 to the
average of the following blocks (b=0.16, z=1.77) and, counter to expectations, a significant
overall negative difference between block 3 and the final three blocks (b=-0.11, z=-2.47).
However, there were two significant interactions between the first and second contrast for block
with order. There was a significant increase in well-formedness from the first block to the
average of the others for object-initial but not for subject-initial sentences (b=-0.29, z=-4.95)
and a weaker effect for the change from the second to the average of the rest (b=-.14, z=-.3.17).
The second interaction was “helped” to some degree by a small reduction of well-formedness
of subject-initial sentences in the final blocks. Finally, there was also a significant interaction
for the second contrast of block with discourse linking due to an increase in well-formedness
for the non-discoursed linked sentences (“what-who”; b=0.10, z=2.28). These are the sentences

with the lowest well-formedness of the four target sentences.
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Target sentences in the context of filler sentences

As for German sentences, it is instructive to examine the well-formedness of English target
sentences in the context of filler sentences (see Figure 2). Unlike for German sentences we do
not see the prototype pattern for the two subject-initial target sentences; indeed, there is no
evidence for differences in rating (b=0.14, z=1.23) and they do not show evidence for a
differential change in rating (b=0.10, z=0.81); also filler type B is statistically not

distinguishable from SO_wh (both z < 1.).

In contrast, the two types of object-initial target sentences clearly increased from block 1 to the
average of the other blocks, but this increase was similar to filler sentences of type C and D,
respectively. In the post-hoc LMM, the lines for these four sentence types were statistically
parallel that is there was no interaction with block for the three pairwise contrasts (all |z-values|
< 1.34). Thus, for English sentences in the middle range of well-formedness, we cannot rule
out that the change associated with object-initial target sentences is simply reflecting the general
level of well-formedness exhibited by filler sentences of comparable well-formedness. Unlike

for German sentences, there is no ambiguity in this respect even for sentences of filler type D.

In summary, as for German target sentences, there is a large difference in the judgement of
well-formedness of multiple wh-questions with a clear preference for subject-initial over
object-initial sentences, in line with previous experiments [15, 18]. For object-initial sentences
there was a very clear preference for discourse-linked than not-discourse-linked sentences.
There was positive initial change for the well-formedness of object-initial sentences, but this
change might simply reflect a general middle-raise in well-formedness also observed for filler

sentences with a similar initial rating of well-formedness.

EXPERIMENT 3: Rating of English sentences (replication in lab)

In Experiment 3, we report a replication of the English experiment from section 3. Time-wise,

this experiment was carried out after Experiment 1 and before the web-based Experiment 2.
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We chose to run the Experiment 2 because the counterbalancing scheme was not rendered as
intended in Experiment 3. Although the target items were not counterbalanced as intended
across blocks in Experiment 3, some aspects of the counterbalancing were preserved: each
participant still saw an individual questionnaire, as well as more than one target item per block.
Fillers were counterbalanced across blocks as intended, and ordering restrictions such as
making sure that target items were not adjacent were maintained. We submit that past studies
counterbalanced target conditions, but, as far as we could tell from procedural descriptions,

earlier studies did not counterbalance conditions across blocks either.

Most importantly, one important result of Experiments 1 and 2 was that the change in well-
formedness between initial blocks of trials for target sentences might simply reflect their level
of well-formedness. This argument was based on the absence of evidence for differences in
change when compared to ungrammatical sentences with comparable ratings of well-
formedness. The argument rests on arguing a null hypothesis of parallel changes. Such results

are in need of replication.

Method

Subjects

A total of 48 subjects (28 female, 20 male) participated in the study. Ages ranged between 16
and 51, with an average age of 23 years. Recruitment was carried out through the participant
pool (SONA) at University College London (Psychology and Language Sciences) and the
University of Cambridge (Language Sciences). Participation was voluntary and was
remunerated with £6. All participants were naive with regard to the questions and objectives

of the study.

Apparatus

The experiment was conducted in the Speech and Language Sciences Lab at University College
London and at Trinity Hall, Cambridge. The experiment was implemented using the Python

software PsychoPy [32] version 1.84.2 and the stimulus material was presented on a computer
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screen; ratings of “1” to “7” of sentences were entered on a standard computer keyboard with

a UK keyboard layout.

Material

Material was identical to Experiment 2.

Design and counterbalancing

We did not counterbalance the target items across blocks in this study, due to an error in
generating the questionnaires. Some of the features of the counterbalancing scheme used in
Experiment 1 and Experiment 2 were nonetheless retained, such as different questionnaires for

each participant, and counterbalancing of filler items across blocks.

Procedure and statistical analysis

Subjects were instructed to judge the well-formedness of the sentences according to their
judgements of spoken language, rather than written language that they might find in a textbook,
and to use the full spectrum of the seven-point scale. They practiced the procedure with ten
examples. Then, each subject worked through the six blocks of sentences; durations of breaks
between blocks was under the subjects’ control. Statistical analysis for Experiment 3 followed

the procedure for Experiment 2.

Results and Discussion

Target sentences

Figure 3a displays the change in ratings of well-formedness for the four types of English target
sentences shown in red and the six types of filler sentences in blue. Supplement Table S3
contains the LMM fixed-effect estimates and statistics. Main effects of order (b=.74, z=12.93)
and discourse-linking (b=-0.45, z=-8.87) as well as the interaction of these two factors (b=0.56,
7z=10.97) were replicated in the lab experiment: again, subject-initial word order was clearly

preferred with or without discourse-linking to the other two conditions; for object-initial word
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order there was a clear preference for the discourse-linked construction (“which Nobj — which

»
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Figure 3. Well-formedness ratings (a) by block and (b) for first block and mean of later blocks for English target

and filler sentences (lab experiment).

The change in ratings across blocks was much clearer than in Experiment 2: The first two block
contrasts were significant (bl: b=0.39, z=4.54; b2: b=0.14, z=3.53) indicating an overall
increase of well-formedness from the first to the average of the rest and a second, smaller
increase from block 2 to the rest. Again theres were two significant interactions between the
first and second contrast for block with order. There was a significant increase in well-
formedness from the first block to the average of the others for object-initial but not for subject-
initial sentences (b=-0.13, z=-2.24) and for the change from the second to the average of the
rest (b=-.12, z=-.3.09). As in Experiment 2, the increase in well-formedness across the initial
blocks was larger for object-initial than subject-initial target sentences (see Figure 3b).

Different from Experiment 2 there was also an increase for subject-initial target sentences.
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Target sentences in the context of filler sentences

The final question is whether the different increases for subject- and object-initial sentences are
different than those of filler sentences of similar well-formedness. The results replicate
Experiment 2. We have no evidence for differential change from block 1 to the average of the
other five blocks for the three pairwise comparisons of the two object-initial target-sentence
types and the two filler-sentence types C and D (z-values for three block x contrast interactions:
1.85, -0.68, and -0.25). Thus, again, we cannot rule out that the change across initial blocks is
related to the general level of well-formedness exhibited by fillers of comparable well-

formedness.

It is quite interesting that in Experiment 2 filler type B aligned with the absence of an initial
raise of well-formedness of subject-initial sentences and in Experiment 3 it aligned with their
increase. Moreover, aside from the core hypotheses relating to target sentences, the experiment
also replicated the profiles for filler types A, E, and F. We also note that the unexpected
negative effect and the interaction for the second contrast of block with discourse linking

reported for Experiment 2 did not replicate.

GENERAL DISCUSSION

Summary of combined results

We found parallel patterns between German and English for both exposure effects, and
modulating the strength of effects of crossing movement by factors related to semantics and

discourse. We found:

g. A shift in initial block(s) only
h. A shift in intermediate zone irrespective of sentence type, i.e. shifts were found
(i) in target conditions that respected superiority; (ii) target conditions that

violated superiority; and (iii) filler levels with no wh-elements at all
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i. Comparable shifts in German and English, both in initial blocks and in
intermediate zones of well-formedness
j-  Effects of D-linking in English that were on par with animacy effects in German,
specifically:
i. adecrease for German with superiority violations with like animacy that
was comparable to regular (non-d-linked) superiority violations in
English
ii. an increase for English with superiority violations where both wh-
phrases were D-linked that was comparable to acceptable (mismatched

animacy) superiority violations in German

Satiation effects track zone of well-formedness, not grammatical construction

Our experiments sought to establish whether there are “satiation effects” in the sense of studies
building on [8] caused by repeated exposure, and whether these effects are zone- or
construction-sensitive. Are the shifts in well-formedness that we found “satiation effects”?
Certainly, our results show satiation effects in the sense of repeated exposure effects that are
induced experimentally. These effects are clearly visible between the first and the remaining
blocks of the experiments. Our experiments provide strong evidence for an increase, resulting
from the systematic increase in the number of items presented. If we look at the number of
exposures per condition in our experiment, we have 12 per block, i.e. 48 target items per block.
Previous studies vary between 5 and 7 blocks, each with 1 instance of the crucial constructions
(some studies contain multiple islands (up to 6 in total), and the Hofmeister et al. study had a
larger number (20) of items, but still less than in our first block). Our results are best thought
of then as zooming out from the results in the literature: the results in the literature on the other

hand are zooming in just on the initial part of the experiment (the first two blocks).

Demonstrating the existence of satiation effects leads to a number of further questions, some of

which can be answered on the basis of our results. First, one would like to know if repeated
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exposure eliminates the perception of non-well-formedness for certain constructions and for
certain grammatical problems, or whether the penalty for violating certain laws of language is
merely mitigated. The first interpretation may suggest itself if a certain violation is thought to
be a result of the type of processing difficulty proposed in [18] that should no longer exist after
a sufficient amount of exposure. In contrast, the second interpretation would be a natural
consequence of the view developed in [20] for instance, according to which satiation effects
result from improved comprehension strategies (while the perception of grammatical problems

would be left intact).

Our results clearly go against the expectation that satiation effects show continuous rising, and
that ratings finally reach some level of more or less full well-formedness in an asymptotic
fashion. Our experiments clearly show an initial early increase followed by stability. Indeed,
the most remarkable feature of the plots of judgments across blocks is the stability of the
judgments across the experiment after the first block. Constructions do not change their well-
formedness rating dramatically either. Constructions increase only by roughly .5 on a 7-point
scale, meaning that repeated exposure does not change the quality of the judgment. This pattern

can be detected in the experiments reported in the literature as well.

The stability we observe in our experiments could either be due to predominantly stable
judgements, or to participants developing a rating pattern in the first two blocks that participants
remember for the remainder of the experiment (entrenchment) - participants could have stopped
deliberately rating the item they are presented with and instead produced memorised values to
assign to types of sentences. There is currently no accepted way to control for memorising and
entrenchment. Some limited discussion in previous works like [16] presents a potential
argument that memorising and entrenchment undermine a balanced design and the use of sets
of items of the same type, as is the case with control items and fillers. In this paper, we explored
a way to identify entrenchment by looking at where response times stabilise. This technique is

made possible specifically by the increased number of contrasts made available in the
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Standardised Block paradigm. From a visual examination of the log-transformed response
times, the time it took participants to respond stabilised at block 4, suggesting that this is the
point at which responses became entrenched. Notably, response times stabilised after ratings
stabilised (block 4 compared to block 2), suggesting that exposure effects increase but do not
fully satiate. One could also speculate that once comprehension strategies of the sort envisaged
by [20] have been developed there is simply no further tool available for further improvement
if satiation indeed reflects such enhanced interpretation. Alternatively, participants may simply
get more used to properly executing the unnatural task of assigning some numerical value from
1-7 to a sentence, because it involves identifying the range of constructions presented and their
relative well-formedness. If participants are first reluctant to assign good ratings to any but the

unquestionably acceptable items, some sort of ‘satiation’ effect would be expected.

It is interesting to note that one filler class behaves unusually in both its exposure pattern and
in the type of judgment it receives: filler E, i.e. the lowest of the Featherston filler items and
the second lowest of the fillers included. Speculatively, this may be because the lowest filler
(filler F) completely rules out a parse of any kind, whereas filler E, although highly
unacceptable, can still be parsed once the relevant errors are identified. It may be that
participants are able to construct a parse that yields some kind of meaning over the course of
the experiment for filler E, but cannot do this at all for filler F. This rising pattern in filler E is

more like the classic expectations of a satiation effect.

The hope in some of the generative literature [8] that repeated exposure may make questionable
sentences (nearly) completely acceptable may be unjustified in any event. Judgments are
formed on the basis of various factors, among them the grammatical status of the construction
in a narrow sense, the frequency of the construction, the ease with which the structure can be
parsed, the relative quality of the construction as compared to grammatical alternatives, both in
terms of what is offered in the language and what is present in the experimental material, the

ease of computing the proper prosody, and the fit of the sentence into a conversational context
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that is usually not presented in experiments. For obvious reasons, repeated exposure may
enhance processability, but cannot for instance repair problems that result from the fact that a
particular construction is bound to a particular conversational context that is not presented in
the experiment. Thus, the processing difficulty possibly linked to which book did which person
read? may have been eliminated in our experiment. However, the (unsatisfied) need for
motivating the particular sorting key for answers (sorting them by books rather than people in

the above example) that triggers object-initial sentences is not eliminated by repeated exposure.

A further question is whether the exposure effects are construction-specific or simply relate to
a particular zone in the judgment space. Interest in satiation effects in the linguistic literature
typically stems from the hope that specific constructional properties make a certain sentence
pattern particularly prone to showing satiation effects. Relevant proposals relate to specific
grammatical theories (attributing a particularly “unstable” status to constraints against crossing
movement or movement out of grammatical islands) or address the grammar vs. processing

divide [18].

Our results do not support construction-specific models of the weak-strong island divide at all,
because, as we have shown, the satiation effect characterises all constructions within a certain

range of judgments, irrespective of the precise choice of construction.

Our results for German and English demonstrate the link between satiation effects and range of
judgment in two slightly different ways. German shows improvement of judgments not only
for the two instances of crossing movement in multiples questions, but also for the
grammatically perfect subject initial questions with inanimate objects and for filler items C
which involve slightly unusual binding options and grammatically illicit order of dative and
accusative objects. So, we observe upward movements of well-formedness for items that may
have an unusual object choice, crossing movement, and an ordering constraint. There is no

obvious common factor to these.
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The situation in English is even more interesting. Crossing movement improves, but so do
violations of verb-object adjacency, of the immobility of subjects following complementizers,
and of gender agreement for pronouns. There is no obvious common factor to these, either.
Interestingly, these effects pertain to “harder” grammatical constraints than what we see in
German. What unifies all these constructions is simply their being judged in the intermediate

zone of our experiments.

Finally, the long-term stability of the judgments in quantitative terms and the short term stability
in qualitative terms underlines the reliability of judgments as an empirical foundation for
studying language, whilst also providing a theoretically-informed way of getting consistent

results on gradient judgments.

Conclusion

In conclusion, this paper revisited old questions about satiation, superiority effects and
processing complexity with a new standardised method testing repeated exposure effects across

a single experimental session.

The method validated claims of satiation effects, but demonstrated that the nature of these
effects is different than claimed in previous studies: rather than a continuous rise, judgments
rise only initially. The effects are sensitive to zone of well-formedness, not to natural syntactic

classes.
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SUPPLEMENT: LMM parameter estimates

Table S1. LMM parameter estimates for ratings of German target sentences (Experiment 1)

Complex LMM Zero-correlation LMM
Predictors beta CI z beta CI z
Grand mean 430 4.03-457 3085 430 4.03-457 30.85
Order (so) 0.52 041-0.63 897 052 0.41-0.63 8.93
Animacy (an) -0.05 -0.11-0.01 -1.62 -0.05 -0.11-0.01 -1.60
Block [2-6] -1 (b1) 0.31 0.12-0.49 324 031 0.12-0.49 3.27
Block [3-6] -2 (b2) -0.08 -0.16--0.00 -1.98 -0.08 -0.16—-0.00 -1.97
Block [4-6] -3 (b3) -0.03 -0.12-0.05 -0.82 -0.03 -0.12-0.05 -0.82
Block [5-6] —4 (b4) -0.00 -0.09-0.08 -0.11 -0.00 -0.09-0.08 -0.11
Block [6] -5 (b5) -0.01 -0.11-0.09 -0.22 -0.01 -0.11-0.09 -0.22
S0 X an 0.13  0.08-0.18 500 0.13 0.08-0.18 5.10
sox bl -0.08 -0.19-0.02 -1.58 -0.08 -0.19-0.02 -1.59
50 x b2 -0.04 -0.12-0.04 -1.01 -0.04 -0.12-0.04 -1.01
50 x b3 0.05 -0.04-0.13 1.09 0.05 -0.04-0.13 1.09
50 x b4 -0.01  -0.10-0.08 -0.22 -0.01 -0.10-0.08 -0.22
so x b5 0.07 -0.03-0.17 136 0.07 -0.03-0.17 1.36
anx bl -0.07 -0.17-0.03 -1.45 -0.07 -0.17-0.02 -1.48
an x b2 -0.04 -0.12-0.04 -092 -0.04 -0.12-0.04 -0.92
an x b3 0.04 -0.04-0.12 1.00 0.04 -0.04-0.12 1.00
an x b4 -0.06 -0.14-0.03 -1.26 -0.06 -0.14-0.03 -1.25
an x b5 0.03  -0.07-0.13 0.63 0.03 -0.07-0.13 0.63
(so x an) x bl -0.15 -0.26--0.04 -2.60 -0.15 -0.26--0.03 -2.55
(so x an) x b2 -0.02 -0.10-0.06 -0.55 -0.02 -0.10-0.06 -0.55
(sox an) x b3 0.04 -0.04-0.12 096 0.04 -0.04-0.12 0.95
(so x an) x b4 0.10  0.02-0.19 234 0.10 0.02-0.19 2.33
(so x an) x b5 -0.08 -0.18-0.02 -1.61 -0.08 -0.18-0.02 -1.60
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Table S2. LMM parameter estimates for ratings of English target sentences

(Experiment 2)
Complex LMM Zero-correlation LMM
Predictors beta Ccl z beta CI z
Grand mean 471 445-497 3553 471 445-497 3554
Order (so) 0.67  0.56-0.78 12.20  0.67 0.56-0.78 12.26
D-linking (dI) -0.35 -045--0.25 -6.74 -0.35 -045--025 -6.74
Block [2-6] -1 (bl) 0.16 -0.02-0.33 1.78 0.16 -0.02-0.33 1.77
Block [3-6] -2 (b2) -0.08 -0.17-0.00 -1.91 -0.08 -0.17-0.00 -1.90
Block [4-6] -3 (b3) -0.11 -0.20--0.02 -2.46 -0.11 -020--0.02 -2.46
Block [5-6] -4 (b4) -0.03 -0.12-0.06 -0.67 -0.03 -0.12-0.06 -0.67
Block [6] -5 (b5) -0.02 -0.12-0.09 -029 -0.02 -0.12-0.09 -0.29
so x dl 0.43  0.34-0.52 9.46 0.43 0.34-0.52 9.52
so x bl -0.29 -0.41--0.18 -492 -0.29 -0.41--0.18 -5.01
so x b2 -0.14 -0.22--0.05 -3.16 -0.14 -0.22--0.05 -3.16
50 x b3 -0.08 -0.17-0.00 -1.90 -0.08 -0.17-0.00 -1.90
50 x b4 -0.05 -0.15-0.04 -1.13 -0.05 -0.15-0.04 -1.13
50 x b5 -0.03 -0.14-0.07 -0.63 -0.03 -0.14-0.07 -0.63
dl x bl 0.09 -0.01-0.19 1.76 0.09 -0.01-0.19 1.79
dl x b2 0.10 0.01-0.18 227 0.10 0.01-0.18 2.27
dlx b3 0.01 -0.08-0.10 0.19 0.01 -0.08-0.10 0.19
dl x b4 0.02 -0.08-0.11 036  0.02 -0.08-0.11 0.36
dl x b5 -0.01 -0.12-0.10 -0.17 -0.01 -0.12-0.10 -0.17
(sox dl) x bl -0.04 -0.12-0.05 -0.89 -0.04 -0.13-0.06 -0.78
(so x dl) x b2 -0.02 -0.11-0.06 -0.58 -0.02 -0.11-0.06 -0.58
(sox dl) x b3 0.04 -0.05-0.12 0.81 0.04 -0.05-0.12 0.81
(so x dl) x b4 0.02 -0.07-0.12 0.52 0.02 -0.07-0.12 0.52
(sox dl) x b5 0.03 -0.08-0.14 055 0.03 -0.08-0.14 0.55
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Table S3. LMM parameter estimates for ratings of English target sentences

(Experiment 3)
Complex LMM Zero-correlation LMM
Predictors beta Ccl z beta CI z
Grand mean 4.93 472-515 4448 494 472-515 4433
Order (so) 0.74 0.63 -0.85 1293 0.74 0.62-0.85 12.81
D-linking (dl) -045 -0.55--035 -8.87 -045 -0.55--0.35 -8.92
Block [2-6] -1 (b1) 0.39 0.22-0.56 454 0.38 0.21 -0.56 4.35
Block [3-6] -2 (b2) 0.14  0.06-0.22 353 0.14 0.06-0.22 3.49
Block [4-6] -3 (b3) 0.03  -0.05-0.11 0.74 0.03 -0.05-0.11 0.67
Block [5-6] -4 (b4) 0.01 -0.08—-0.10 024 0.01 -0.08-0.10 0.22
Block [6] -5 (b5) 0.05 -0.05-0.15 1.06  0.05 -0.05-0.15 1.02
so x dl 0.56 0.46 — 0.66 10.97 0.56 0.46-0.66 11.02
so x bl -0.13  -0.24--0.02 -2.24 -0.12 -0.23--0.01 -2.13
so x b2 -0.12 -0.20--0.05 -3.09 -0.13 -0.21--0.05 -3.17
50 x b3 -0.08 -0.16-0.00 -1.92 -0.08 -0.16-0.00 -1.87
50 x b4 0.02  -0.07-0.10 037 0.02 -0.07-0.10 0.40
50 x b5 0.05 -0.05-0.15 093 0.05 -0.05-0.15 1.03
dlx bl 0.01 -0.11-0.13 0.17 0.0l -0.11-0.13 0.16
dl x b2 0.07  -0.01-0.14 1.66  0.07 -0.01-0.14 1.62
dlx b3 0.03 -0.05-0.11 0.72  0.04 -0.04-0.13 1.05
dl x b4 0.00 -0.08-0.09 0.02 0.01 -0.07-0.10 0.29
dl x b5 0.06  -0.04-0.16 1.14  0.07 -0.03-0.17 1.36
(sox dl) x bl 0.10  -0.03-0.22 1.51  0.08 -0.05-0.20 1.19
(so x dl) x b2 -0.02 -0.10-0.06 -0.53 -0.02 -0.10-0.06 -0.57
(sox dl) x b3 -0.01  -0.09-0.07 -0.22 0.00 -0.08-0.09 0.09
(so x dl) x b4 -0.02 -0.11-0.07 -0.47 -0.00 -0.09-0.08 -0.10
(so x dl) x b5 0.01  -0.09-0.11 0.18 0.02 -0.08-0.12 0.41
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