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In psycholinguistics, phenomena which are commonly analysed as involving some type of 
movement are associated with increased costs in sentence processing (Anderson, 2004; 
Bornkessel et al., 2002; Friederici et al., 2006; Gibson, 2000). But these increased costs are not 
the same for all speakers. In particular, while some speakers can rely on interpretations that 
require movement with no additional effort, other speakers either seem to reject them or have 
more difficulty with these interpretations (Brasoveanu & Dotlačil, 2015; Caplan et al., 2011; Caplan 
& Waters, 1999; Gil, 1982; Kemper & Liu, 2007; King & Just, 1991; Philipp & Zimmermann, 2020; 
Pregla et al., 2021; Vogelzang et al., 2019; Wingfield et al., 2003). However, what factors drive 
these individual differences is currently unclear. Knowing their sources will help us to sharpen 
our knowledge about the linguistic system. We therefore aim to investigate inter-individual 
differences in the processing of movement at the interface of semantics and syntax. Specifically, 
we take two phenomena in German which exhibit the variable processing pattern mentioned 
above: non-canonical object-before-subject word orders (scrambling) and inverse scope 
readings in quantifier scope ambiguities. We present a self-paced-reading experiment which 
gives additional insight into the processing of these two phenomena. While previous findings 
regarding processing difficulties can be replicated for both scrambling and quantifier scope, no 
evidence for an underlying connection can be found on the basis of individual participant data.
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1.  Background
The starting point for this article is the observation that two seemingly distinct phenomena 
exhibit a surprisingly similar behaviour in speakers. Both in the case of non-canonical object-
before-subject word order as well as in the case of scope inversion in doubly-quantified sentences, 
participants show increased processing difficulty in experiments when reading or listening to 
such sentences (Anderson, 2004; Bornkessel et al., 2002; Friederici et al., 2006; Gibson, 2000). 
Further, in both cases, these processing difficulties are not stable, but vary greatly between 
participants (Brasoveanu & Dotlačil, 2015; Caplan et al., 2011; Caplan & Waters, 1999; Gil, 
1982; Kemper & Liu, 2007; King & Just, 1991; Philipp & Zimmermann, 2020; Pregla et al., 2021; 
Vogelzang et al., 2019; Wingfield et al., 2003). Interestingly, these two phenomena not only 
cause similar patterns in psycholinguistic experiments, they are also both commonly analysed as 
involving some type of movement in theoretical linguistics. The overarching goal of this article 
is, therefore, to test if the similarity in observable patterns is related to the same underlying 
source, namely, movement.

In the remainder of this section, we will first provide some background information on each of 
the two phenomena: scrambling (1.1) and quantifier scope ambiguities (1.2) in German. We will 
then provide the basis for the experiment by showing the commonalities of the two phenomena 
which justify discussing them under the same umbrella (1.3).

1.1 Scrambling
In German declarative sentences, different word orders are possible. The subject (S) can precede 
the object (O), which is the more common, canonical word order, or the subject can follow the 
object, which is a non-canonical word order. An example is given in (1).

(1) German
a. SO: Hier sieht der Mann den Jungen.

here sees the.nom man the.acc boy
‘Here, the man sees the boy.’

b. OS: Hier sieht den Mann der Junge.
here sees the.acc man the.nom boy
‘Here, the boy sees the man.’

In the present study, we consider sentences in which the subject and object occur in the Mittelfeld, 
that is, after the finite verb in the main clause (Abels, 2015). The free variation of word order 
in the German Mittelfeld is called scrambling. There are different approaches to analyzing 
scrambling, e.g., the different word orders could be base-generated or result from a post-syntactic 
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PF-linearization mechanism1 (Abels, 2015). However, the most prominent approach is to assume 
a movement analysis in which, in the non-canonical sentence, the object is moved from its 
base position (Salzmann, to appear). Many authors provide theoretical arguments to support 
this account (e.g., Haider & Rosengren, 2003; Sabel, 2005; Stechow & Sternefeld, 1988). For 
example, the word orders produced by scrambling obey the same constraints as wh-movement, 
and, as of yet, only movement theories of scrambling can explain this parallel (Haider, 2017; 
Salzmann, to appear). Another argument that is currently only accounted for by movement 
theories is the distribution of floating quantifiers (Heck & Himmelreich, 2017). Additionally, the 
results of psycholinguistic experiments support the movement account over the base-generation 
account (e.g., Clahsen & Featherston, 1999).

It has been shown with various experimental methods that declarative sentences in which 
the object is scrambled over the subject are difficult to process. Since this study investigates 
scrambling, the following review only includes research on sentences in which the subject and 
object occur in the Mittelfeld (for research on sentence-initial objects, see Bader & Portele, 
2021). Furthermore, the review is restricted to studies that used items with masculine singular 
nouns which have unambiguous case marking, because this study is concerned with the 
processing of movement rather than garden paths or ambiguity resolution (for a literature 
review on noun phrases that have an ambiguous case marking, see Schunack, 2016). This 
means that in the studies presented below, participants knew if they were confronted with a 
non-canonical structure as soon as they encountered the first noun phrase (NP). Nevertheless, 
participants had difficulty processing scrambled declaratives. For example, in a study using 
event related potentials (ERP), Bornkessel et al. (2002) showed that a negativity occurs from 
300–450 ms post onset of the determiner of the first argument in sentences with OS order, in 
contrast to sentences with SO order. This effect has been called scrambling negativity, because 
it also occurred in other ERP studies that investigated scrambled sentences (Bornkessel & 
Schlesewsky, 2006; Rösler et al., 1998; Schlesewsky et al., 2003). This negativity might be due 
to a mismatch between the predicted canonical word order and the occurring non-canonical 
word order, which leads to an increase in processing (Bornkessel et al., 2002). Furthermore, it 
was demonstrated by means of functional magnetic resonance imaging that scrambling leads 
to an increased activation in the left frontal and temporal regions (Friederici et al., 2006; 

	 1	 Following Kayne (1994) and its integration in Chomsky (1995), it is a common generative notion that syntax only 
determines hierarchical relations. Linear order, on the other hand, is not represented in syntax. Linearization is only 
necessary because human articulatory anatomy doesn’t allow for simultaneous production of lexical items. Therefore, 
linear order is thought of as an extrasyntactic artefact that requires mapping rules from hierarchical relations to 
linear relations. Such mapping rules are commonly described as post-syntactic rules that merely affect phonological 
form (PF), devoid of semantic effects (cf. Chomsky, 2013).
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Grewe et al., 2005; Röder et al., 2002; Vogelzang et al., 2020). The increased activity was 
attributed to the need to perform language-internal operations to derive the underlying word 
order (Friederici et al., 2006). In visual world eye-tracking, the proportion of looks to the 
target picture was lower in sentences with OS order than in sentences with SO order from the 
first NP until the end of the sentence (Pregla et al., 2022). Additionally, listening times for the 
first NP in self-paced listening were increased in OS sentences in comparison to SO sentences 
(Pregla, 2023). The findings in eye-tracking and self-paced listening were explained by a greater 
demand of cognitive resources in scrambled sentences. The resource demand was said to be 
increased in OS sentences due to the syntactic operation of associating the object with its base 
position, which is not necessary in the SO sentences. The difference between scrambled and 
canonical word order is also reflected in acceptability or grammaticality judgements, where 
sentences with OS order were judged worse than sentences with SO order (Bader & Häussler, 
2010; Keller, 2000; Meng et al., 1999; Pechmann et al., 1996). An explanation for the worse 
judgement might be the lower frequency of OS sentences (Bader & Häussler, 2010). Finally, 
the increased processing effort for declarative sentences with scrambled arguments is visible in 
reduced response accuracy and increased reaction times in sentence comprehension tasks (e.g., 
Pregla et al., 2021; Vogelzang et al., 2019).

As summarized in the previous paragraph, declarative sentences with scrambled case-
unambiguous arguments are difficult to process. In a movement analysis, this difficulty could 
stem from the increased processing effort required to derive the underlying SO order, or the 
need to revise the predicted SO order. Outside a movement analysis, scrambled sentences could 
be more difficult because they are less frequent or because they are grammatically dispreferred 
(Bornkessel et al., 2002). Additionally, OS sentences could be more difficult because they are 
semantically more complex than SO sentences, under the assumption that the central aim of the 
processing system is to identify the actor role (Bornkessel-Schlesewsky & Schlesewsky, 2014). 
From this assumption, it follows that the processing system prefers an order in which the actor 
comes first and that every argument is preferably assumed to be an actor (Bornkessel-Schlesewsky 
& Schlesewsky, 2014). In sum, processing difficulty for scrambled OS sentences should occur 
regardless of whether scrambling is assumed to be the result of movement.

Importantly, not all participants show increased response times for non-canonical sentences, 
and comprehension difficulties are variable (Pregla et al., 2021; Vogelzang et al., 2019). 
Wingfield et al. (2003) found individual differences in the comprehension of non-canonical 
sentences by younger and older participants, as difficulty increased in older participants. 
Furthermore, participants with different working memory capacities exhibited differences in 
syntactic processing (Kemper & Liu, 2007; King & Just, 1991) or in task performance (Caplan et 
al., 2011; Caplan & Waters, 1999) for non-canonical sentences. Thus, the non-canonical word 
order seems to affect participants differently.
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1.2 Quantifier scope ambiguities
Quantifier scope ambiguities can arise whenever two or more quantificational expressions (some, 
every, …) occur in the same clause. An example is given in (2), where the subject canal is 
quantified by the existential a and the direct object field is quantified by the universal every. 
This sentence can have two different readings. Under the surface reading, there is only a single 
canal, and this canal irrigates all the fields. Under the inverse reading, different fields may be 
irrigated by different canals. In the surface reading, the existential, as the linearly first occurring 
quantifier, has scope over the universal, while under the inverse reading, the universal has scope 
over the existential.

(2) A canal irrigated every field.
a. Surface reading: ∃x(canal(x) & ∀y(field(y) → irrigate(x,y))) ∃>∀
b. Inverse reading: ∀y(field(y) → ∃x(canal(x) & irrigate(x,y))) ∀>∃

One very common way of representing these two different readings is via Quantifier Raising 
(QR), introduced in May (1977, 1985). This is a covert movement operation at the level of 
Logical Form (LF). The relative ordering of quantifiers at LF determines the reading: in order 
to arrive at the inverse reading, the universal in (2) has to move covertly to a c-commanding 
position above the existential; see (3).

(3) a. [A canal] irrigated [every field].
b. [every field]i [a canal] irrigated [ti].

May’s account has been one of the standard accounts of quantifier ambiguities since its first 
introduction, and has been reused in different modified versions (e.g., Fox, 2000; Reinhart, 
2006). However, there are also approaches to quantifier scope ambiguities which do not rely 
on some kind of movement operation and the postulation of an abstract level of LF, such as the 
reconstruction account of Frey (1993), the multi-factorial account of Ioup (1975) or Pafel (2005), 
and the semantically based accounts of Barker (2005, 2012), Jacobson (1996), Steedman (2012), 
and others. One main reason for the popularity of May’s account is that the availability of inverse 
readings strongly parallels the acceptability of overt movement. That is, in environments where 
overt movement, such as wh-movement, is banned or leads to a strong reduction in acceptability 
(known as syntactic islands), inverse readings are also either unavailable or much more difficult 
to obtain. This is supported by both introspective judgments in the literature (e.g., Huang, 1995; 
May, 1985) as well as experimental data (Philipp & Zimmermann, 2023; Scontras et al., 2017; 
Tanaka, 2015).2

	 2	 Over time, this claim has received some criticism, though. Some authors have pointed out examples where inverse 
readings across island boundaries seem to be available (e.g., Hulsey & Sauerland, 2006; Szabolcsi, 2012). Further, 
the experiments in Scontras et al. (2017) and Tanaka (2015) only show a reduction in availability, not a complete 
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The presence of more than one quantificational expression is a necessary but not a sufficient 
condition for quantifier scope ambiguities. A number of different factors have been proposed 
to have an impact on the availability of inverse readings. In some languages, such as English, 
inverse readings are generally and readily available (Anderson, 2004; Gillen, 1991; Kurtzman & 
MacDonald, 1993; Tunstall, 1998), while in other languages, such as Chinese, inverse readings 
are either non-existent or strongly dispreferred (Aoun & Li, 1993; Scontras et al., 2017). The 
reason for these cross-linguistic differences is not fully known yet. It is possible to assume 
that whether or not QR as a covert movement operation is available at all depends on the 
specific grammar of the language. Other authors, like Bobaljik and Wurmbrand (2012), suggest 
that QR is universally available and, instead, differences in, e.g., word order flexibility can 
serve as an explanation. However, also within a specific language, there is a lot of variation 
dependent on factors such as intonation (e.g., Büring, 1997; Krifka, 1998), lexical semantics of 
the quantifiers (e.g., Beghelli & Stowell, 1997; Ioup, 1975), information structure (e.g., Partee, 
1991; Surányi & Turi, 2017), context/world knowledge (e.g., Saba & Corriveau, 2001; Villalta, 
2003), grammatical role (e.g., Ioup, 1975; VanLehn, 1978), and others.

All of the variation described above is generally acknowledged to have an impact on the 
availability or non-availability of inverse readings only, while the surface reading should 
always be an option.3 The inverse reading is not only shown to be generally dispreferred and 
less available than the surface reading (Anderson, 2004; Gillen, 1991; Kurtzman & MacDonald, 
1993; Reinhart, 2006; Tunstall, 1998), but is also associated with higher processing costs 
(e.g., Anderson, 2004; Bott & Schlotterbeck, 2015; Gillen, 1991; Wurmbrand, 2018), which is 
commonly thought of as the source for its general dispreference. This dispreference, along with 
the higher processing costs, fits neatly into the covert movement approach described above: the 
inverse reading requires an additional movement step, as the lower quantifier has to be raised 
to a position where it can c-command the other quantifier. This additional movement step is 
responsible for the increase in processing costs, which, in turn, is responsible for the reduced 
availability (Anderson, 2004; Wurmbrand, 2018). While the connection between QR-steps and 
processing costs has been most prominent in the literature, it would, in principle, also be possible 
to explain increased processing costs with other analyses of quantifier scope. For example, under 
type shifting accounts (e.g., Hendriks, 1988, 1993; Jacobson, 1992; Shan & Barker, 2006), the 
inverse reading would be associated with a shift to a more complex semantic type and that, 
in turn, could cause increased processing costs. In addition to increased processing costs, it 

absence, of inverse scope. On the other hand, Tanaka (2015), shows that overt wh-movement, too, only exhibits a 
reduction in acceptability, not a complete blocking. She also shows that this reduction varies with the type of island 
and that these island-dependent acceptability patterns of overt wh-movement parallel the availability pattern of 
inverse readings.

	 3	 But note that several experiments on inverse scope have observed non-ceiling effects in the case of the surface 
readings (e.g., Fanselow et al., 2022; Kurtzman & MacDonald, 1993; Philipp & Zimmermann, 2023).
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has also been shown that the difficulty of obtaining the inverse reading varies greatly between 
speakers of the same language, with some speakers accepting inverse readings across the board, 
some speakers only accepting them sometimes, and some speakers rejecting them altogether 
(Brasoveanu & Dotlačil, 2015; Gil, 1982; Philipp & Zimmermann, 2020). It is not clear yet, which 
factors contribute to these inter-individual differences.

In this article, we will look specifically at quantifier scope ambiguities in German. While 
in the theoretical literature, inverse readings were thought of as being restricted to only very 
specific environments (Bobaljik & Wurmbrand, 2012; Frey, 1993; Pafel, 2005), experimental 
work has shown that inverse readings, despite being clearly dispreferred in German, are, in 
fact, available in more environments than predicted by the different theoretical accounts (Bott 
& Schlotterbeck, 2015; Fanselow et al., 2022; Philipp & Zimmermann, 2020, 2023; Radó & Bott, 
2018). Similarly to other languages, these experiments provide evidence from judgment tasks 
that there is a general preference for surface over inverse readings (Bott & Radó, 2007; Bott & 
Schlotterbeck, 2012, 2015; Radó & Bott, 2012; 2018). They also show that additional factors 
play a role, such as syntactic construction (Bott & Schlotterbeck, 2015; Philipp & Zimmermann, 
2020, 2023; Radó & Bott, 2012), the semantics of the quantifiers (Bott & Radó, 2007; 2009; 
Radó & Bott, 2012, 2018), and context/world knowledge (Philipp & Zimmermann, 2020). 
Additionally, Bott and Schlotterbeck (2012, 2015) provide data on the processing difficulty 
associated with quantifier scope ambiguities in German. Bott and Schlotterbeck (2012) employed 
an Incremental Truth Value Judgment Task, and found longer reading times for the ambiguous 
vs. the unambiguous sentences, which they attribute to participants trying to resolve the scope 
conflict in the case of ambiguity. Using self-paced reading and eye-tracking methods, Bott and 
Schlotterbeck (2015) found that processing difficulty associated with scope inversion does not 
immediately arise on the second quantifier, but only later, at the sentence boundary. They 
interpret these results as indicating that inverse scope in German is not computed immediately, 
but only once the predication is complete.

1.3 Scrambling and quantifier scope united
Section 1.1 introduced the topic of scrambling, and 1.2 introduced the topic of quantifier scope 
ambiguities. Although these are two very distinct phenomena, they show certain similarities. Both 
of them are commonly accounted for by assuming some type of movement, overt A-movement 
in the case of scrambling and covert A’-movement in the case of quantifier scope.4 In both 

	 4	 A-movement and A’-movement are both instances of phrasal movement. A-movement is short for argument movement, 
and it describes movement where the landing site is an argument position. This is a position in the syntactic tree 
where a theta role can be assigned. A’-movement is the opposite, namely, movement into a non-argument position. 
These definitions are not relevant for the remainder of this article, but it is worth mentioning that we are dealing 
with two different types of movement.
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cases, there is one preferred option (canonical word order in scrambling and surface reading 
in quantifier scope) and one dispreferred but available option (non-canonical word order vs. 
inverse reading). In both cases, the dispreferred option is the one which requires additional 
movement steps and is associated with higher processing costs visible in longer reading or 
reaction times. And finally, both scrambling and quantifier scope show strong inter-speaker 
variability, with some speakers having no difficulty with the dispreferred option at all, while 
others showing some or even great difficulty. While, in the case of scrambling, there is evidence 
that differences in working memory can explain at least part of this individual variability in off-
line responses (Caplan et al., 2011; Kemper & Liu, 2007; King & Just, 1991), no such studies have 
been conducted yet in the case of quantifier scope.

In light of these similarities between the two phenomena, we hypothesize that there could 
be a very basic, shared source for the processing difficulties associated with them. That is, the 
similar patterns of preferred vs. dispreferred option and the inter-individual variability regarding 
that preference could be associated with additional movement steps, in that some speakers have 
generally more difficulty with movement than other speakers. However, the difficulty might not 
be related to any kind of movement per se. As pointed out by a reviewer, this would otherwise 
imply that the same should be observed with movement that obligatorily applies to satisfy strict 
word order requirements, as is the case with wh-questions and verb-second sentences in German. 
This seems implausible, and, as far as we know, there is no evidence for processing difficulties 
with such sentences. Instead, we would like to suggest that difficulties arise with optional 
movement, as is the case both in scrambling and scope inversion. The underlying issue with 
optional movement might stem from the fact that speakers tend to follow a default strategy (e.g., 
expecting canonical word order and surface scope), where deviation from this default incurs 
processing costs. These costs would, then, not be caused by movement as such, but by movement 
as an additional step to revise an initial default expectation. Individual differences would, then, 
arise because some speakers have greater difficulty revising their expectations and deviating from 
the default syntax. This would predict that those participants who exhibit processing difficulties 
with non-canonical word orders should also have more difficulty with inverse readings, and vice 
versa. Alternatively, the difficulties could be unrelated and only arise due to problems which are 
specific to each phenomenon.

Besides that, there are also alternative explanations why processing difficulties are observed 
in both phenomena; see also the alternative accounts mentioned in 1.1 and 1.2. Difficulties might 
also arise because one instantiation of the phenomenon is simply more frequent in the input than 
the other (SO > OS, surface reading > inverse reading). In fact, for both phenomena, scrambling 
and quantifier scope, there is a debate in the literature whether difficulties arise due to an 
underlying syntactic principle or mere surface frequency; see, e.g., Bornkessel et al. (2002). Yet 
another possibility is that difficulties are related to greater semantic complexity. With quantifier 
scope, this could be type shifting in the case of inverse readings, and with scrambling, it could 
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be the unusual order of thematic role assignment in OS sentences. Importantly, even under 
those alternative explanations, there is a connection between the phenomena: Both the inverse 
scope reading and the OS structure are less frequent and semantically more complex than their 
counterparts. Thus, this would not undermine our main claim that processing difficulties could be 
due to a shared underlying source and, thus, be correlated, be it syntactic movement, frequency, 
or semantic complexity (or even a combination of these). If the hypothesis is borne out, we 
should see consistent intra-individual behaviour across linguistic phenomena in either case, 
supporting the assumption that there are more general speaker-specific processing difficulties 
associated with some level of increased complexity. On the other hand, if we do not see such a 
consistent intra-individual behaviour across the two phenomena, this indicates that the source 
of difficulty varies.

In Section 2, we present an experiment that investigates the hypothesis that scrambling 
and quantifier scope share an underlying mechanism which causes the observed similarity in 
processing patterns.

2.  Design
This study has the following goals: (i) We want to see if the results of previous scrambling and 
scope experiments can be replicated, especially with regards to by-participant variability; (ii) 
We want to investigate if this variability is reflected in on-line processing data; (iii) We want to 
compare participants’ behaviour in items with scrambled word order to their behaviour in items 
with two scopally interacting quantifiers, in order to test the hypothesis that the difficulties could 
arise due to a shared underlying source.

2.1 Materials
The full set of conditions used in this experiment is given in (4). The experiment had three 
conditions: a baseline condition (A), a scrambled condition (B), and a scope-ambiguous condition 
(C). Conditions A and B were unambiguous, since there was only one quantifier in the sentence, 
namely, in NP2, while NP1 contained a definite article. Condition C was ambiguous, since it 
contained a second quantifier, namely, the indefinite article as an existential quantifier on NP1. 
Conditions A and C had canonical SO order, while condition B had the scrambled OS order. 
Thus, condition A was the unambiguous and canonical baseline condition, which the other two 
conditions, B and C, were manipulated for the two phenomena of interest. There were 60 target 
items in total, which amounts to 20 items per condition and participant. Each participant saw 
each item only in one of the three conditions. Items consisted of a context sentence and a target 
sentence. The context introduced the content of the subject and object NP (in (4): Äcker ‘fields’, 
Kanäle ‘canals’) and the verb (in (4): bewässern ‘irrigate’) of the target sentence, such that all lexical 
material in the target sentence qualifies as given. This was done to control for information structure 
and intonation, thereby avoiding potentially confounding effects in the case of scope interpretation 
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(see, e.g., Krifka, 1998). The target sentence appeared in either conditions A, B, or C. Each item 
was followed by one of the two possible statements exemplified in (4), which had to be judged as 
true or false with respect to the preceding target sentence. Condition C was always followed by 
the plural statement to assess the availability of inverse readings. When participants judged the 
plural statement as true, we took this to mean that they had obtained the inverse reading. For the 
unambiguous conditions A and B, for which the statements were either clearly false or true, the 
presented statement alternated. If the inverse reading for the types of sentences we are using in our 
study does in fact exist in German, the acceptance of the plural statement in condition C should be 
higher than the acceptance of the false statement in the unambiguous conditions A and B.5,6

(4) German
Context: Der Agrarexperte hatte empfohlen, dass die Äcker durch Kanäle bewässert 
werden sollten.
‘The agriculture expert had advised that the fields be irrigated by canals.’

(A) Baseline condition: canonical word order, definite NP 1 (unambiguous)5

Und tatsächlich bewässerte der breite Kanal dann jeden
and indeed irrigated the.nom wide.nom canal then every.acc
Acker in der Region der Bauern.
field in the region the.poss farmers.poss
‘And then, indeed, the wide canal irrigated every field in the region of the farmers.’

Follow-up statements:
a. Singular:

Insgesamt gab es hier genau einen Kanal, der Äcker bewässert hat.
overall there.was here exactly one canal that fields irrigated has
‘Overall, there was exactly one canal which irrigated fields.’

b. Plural:
Insgesamt gab es hier mehrere Kanäle, die Äcker bewässert haben.
overall there.were here several canals that fields irrigated have
‘Overall, there were several canals which irrigated fields.’

(B) Scrambled condition: non-canonical word order, definite NP 1 (unambiguous)6

Und tatsächlich bewässerte den breiten Acker dann jeder
and indeed irrigated the.acc wide.acc field then every.nom

	 5	 Note that there is a potential confound in this condition. The definite determiner carries a uniqueness presupposition, 
which is violated here. We will discuss this issue in 4.2.

	 6	 Note that, while the canonical word order is subject-before-object, it is known that information structure can improve 
the non-canonical object-before-subject word order. According to Lenerz (1977) and Skopeteas and Fanselow (2009), 
the non-canonical word order is best if the object is given and the subject is new. In our example, however, both 
subject and object are given. Therefore, it is conceivable that potential processing effort that participants might 
exhibit in condition B is not, or at least not only, due to the non-canonical word order, but to the combination of a 
non-canonical word order and an information structure that does not support this word order.
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Kanal in der Region der Bauern.
canal in the region the.poss farmers.poss
‘And then, indeed, every canal irrigated the wide field in the region of the farmers.’

Follow-up statements:
a. Singular:

Insgesamt gab es hier genau einen Kanal, der einen Acker
overall there.was here exactly one canal that a canal
bewässert hat.
irrigated has
‘Overall, there was exactly one canal which irrigated a field.’

b. Plural:
Insgesamt gab es hier mehrere Kanäle, die einen Acker
overall there.were here several canals that a field
bewässert haben.
irrigated have
‘Overall, there were several canals which irrigated a field.’

(C) Scope-ambiguous condition: canonical word order, indefinite NP 1 (ambiguous)
Und tatsächlich bewässerte ein breiter Kanal dann jeden
and indeed irrigated a.nom wide.nom canal then every.acc
Acker in der Region der Bauern.
field in the region the.poss farmers.poss
‘And then, indeed, a wide canal irrigated every field in the region of the farmers.’

Follow-up statement:
a. Plural:

Insgesamt gab es hier mehrere Kanäle, die Äcker bewässert
overall there.were here several canals that fields irrigated
haben.
have
‘Overall, there were several canals which irrigated fields.’

2.2 Participants
We tested 66 participants,7 who were acquired via the SONA participant pool of the University 
of Potsdam. 54 of the participants were female and 10 were male, and they were, on average, 
26 years old (18–59). Two participants did not provide information about age and sex. The 
participants could choose between 1h of course credit or a monetary reimbursement of 7€. 19 
participants were excluded from the analysis because they did not perform above threshold in 
the control items (less than 17 correct responses in the 20 unambiguous and canonical sentences 

	 7	 The sample size was limited by availability of participants and financial means.
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of condition A).8 This left us with 47 participants for the final analysis, with a mean age of 25 
(18–59) and 39 female and 8 male participants.

2.3 Method & procedure
We ran a cumulative self-paced-reading (SPR) experiment, together with an off-line truth-value-
judgment task (TVJ). We ran this experiment as a web-based study on Ibex Farm. In each trial, 
participants were first presented with the context sentence (see example (4)). After pressing the 
space bar, the first word of the target sentence was displayed. Participants uncovered the target 
sentence incrementally, word by word, by pressing the space bar, thereby controlling the speed 
of presentation themselves. The context and the words already uncovered remained on the screen 
until the whole target sentence was uncovered. We opted for this rather unusual procedure in 
SPR, because pre-tests showed that participants perceived the sentences as relatively long and 
complex and had difficulties understanding the sentence and keeping it in memory in order to 
do the off-line task accurately. We will come back to potential problems with this procedure 
in the discussion in Section 4. After each item, participants pressed the button one more time, 
which caused the item to disappear from the screen and the task appeared instead. In the task, 
participants had to judge a statement about the target sentence with respect to its truth by 
pressing v if the statement was true or n if the statement was false (see (4)). At this point, the 
target sentence was not visible anymore. Both the reading times and the reaction times to the 
off-line task were recorded.

2.4 Predictions
We expected longer reading times on the first NP without the noun9 in conditions B vs. A (den 
breiten Acker ‘the wide field’ vs. der breite Kanal ‘the wide canal’) and potentially on the spillover 
region dann (‘then’) after the NP, since non-canonical word orders are known to cause processing 
difficulties. We also expected longer reading times on the second NP in conditions C vs. A (jeden 
Acker ‘every field’), since, in the former case, participants potentially have to resolve a scope 
ambiguity at that point. As for the off-line data, the responses allow us to conclude (i) if they 
paid attention at all, and (ii) how they interpreted the ambiguous sentences. According to the 

	 8	 This relatively high number of exclusions can be explained by a specific subgroup of participants who misunderstood 
the experiment task: they did not judge the truth of the statement against the second sentence only, as demanded 
in the task description, but against the whole item. Their response patterns were, thus, distinctively different from 
the other participants and easy to identify. In the unambiguous conditions A and B, which should only allow for one 
answer, they responded correctly in only 8–16 out of a total of 20 items in each condition. The response patterns of 
the remaining 47 participants show that they understood the task correctly.

	 9	 Because the noun itself varied between conditions A and B of the same item, we only took the reading times of the 
NP without the noun, i.e., determiner + adjective. Note that in the comparison of conditions A vs. C, dropping the 
head noun was not necessary, as the order of nouns was identical in these conditions.
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hypothesis that the processing difficulties of the two phenomena – scrambling and quantifier 
scope ambiguities – share an underlying source, we expected those participants who more often 
allow the inverse reading in condition C to show smaller differences in reading times between 
conditions A and B, and vice versa. Smaller differences are taken to indicate less difficulty with 
non-canonical sentences.

2.5 Data analysis
Data analysis was performed on reading times in the SPR task and on accuracy as well as 
response time in the TVJ task. Target sentences were presented word by word. In the analysis, 
we summed up the reading times of certain words to form regions. Specifically, we analysed the 
following regions: 1) determiner + adjective of the first NP; 2) dann ‘then’; 3) determiner + 
noun of the second NP; 4) preposition + determiner + noun of the PP; 5) determiner and noun 
of the outro. We fit Bayesian linear models using R (Version 3.6.3; R Core Team, 2020) and the 
R-package brms (Version 2.13.0; Bürkner 2017, 2018). Reading times were log-transformed, 
because they cannot be negative and have a longer right tail. TVJs are binary (0 and 1) and, 
therefore, we fit generalized linear models with a logistic link function. We will report estimates 
back-transformed into milliseconds and proportions for ease of interpretation.

With respect to the TVJs, we used Helmert contrasts comparing, first, conditions A and B (–1 
baseline, +1 scrambling) and, second, the mean of conditions A and B to condition C (–1 baseline, 
–1 scrambling, +2 quantifier scope). With respect to the reading times, we used sum contrasts 
and fit the models separately to compare conditions A and B (–1 baseline, +1 scrambling) and 
to compare conditions A and C (–1 baseline, +1 quantifier scope). The comparison of conditions 
A and B additionally included the number of inverse readings per participant, centred around 
the mean, as a predictor and the interaction of condition and number of inverse readings. For 
the spill-over region dann and the outro, the comparisons of conditions A and B furthermore 
included the length and frequency on the Zipf scale (cf. Van Heuven et al., 2014) of the preceding 
noun as predictors.10 The length and frequency information was taken from the DWDS corpus 
(Geyken et al., 2017). The comparison of conditions A and C additionally included accuracy as 
a predictor, as well as the interaction of condition and accuracy. Correct judgements (condition 
A) and surface readings (condition C) were coded as +1, and incorrect judgements (condition 
A) and inverse readings (condition C), as –1. Models included random intercepts and slopes for 
items and participants.

	 10	 These predictors were included, since a t.test revealed a significant difference between the nouns of condition A and 
B in word length (SO: word length = 8.7, OS: word length = 7.8, t = 2.6) and in frequency (SO: Zipf = 3.1, OS 
Zipf = 3.7, t = –2.9). We want to thank the editor for pointing out the potentially confounding effects of word length 
and frequency.
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The prior distributions for the parameters in the models for the accuracy of the TVJs were 
specified as follows: The prior of the intercept was set to Normal(0, 1.5), the priors of the 
slopes were set to Normal(0, 1), and the prior standard deviations of the random effects, to 
Normal+(0, 1) truncated at zero, because standard deviations cannot be negative. The prior 
distributions for the parameters in the models for the reading times in the SPR task and for the 
response times in the TVJ task were specified as follows: The prior of the intercept was set to 
Normal(0, 10), the priors of the slopes were set to Normal(0, 1), and the prior standard deviations 
of the random effects and the residual error, to Normal+(0, 1) truncated at zero.11 The model 
estimates the posterior distributions of the parameters. From this, we extracted the mean and 
the 95% credible interval (CrI). The CrI is the range of plausible values of the parameters, given 
the data and model.

3.  Results
3.1 Accuracy judgments
Accuracies are depicted in Figure 1. Participants gave the correct response in 94.9% of the 
sentences in condition A and in 95.1% of the sentences in condition B, and the estimated 
difference between conditions A and B was negligible (1.5% CrI: [–0.3,3.4]). The inverse reading 
was accepted in 14.2% of the trials in condition C. The acceptance of inverse readings is about 
10% higher than the noise level in conditions A and B (~5%). Furthermore, the proportion of 
correct responses in conditions A and B was estimated to be 4% higher than the proportion 
of surface readings selected in condition C (4.3% CrI: [0.9, 8.7]). We take this as support for 
the hypothesis that we are dealing with true inverse interpretations and not just with spurious 
effects, but see 4.2.

3.2 Reading times
The reading times for the whole sentence and the critical regions of the sentence are shown 
in Figures 2 and 3. Differences between the sentences in SO and OS order were negligible on 
the first NP’s determiner and adjective (7 ms CrI: [–2, 17]). But, as expected, we found longer 
reading times in sentences with OS order in the spillover region (dann ‘then’, 32 ms CrI: [18, 
48], see Figure 3). This is in line with previous studies of non-canonical word order in German, 

	 11	 A reviewer pointed out that there is, in fact, data from previous research, e.g., on scrambled sentences, which could 
have informed the priors. Nevertheless, the reason why we set them in this way is that previous research used non-
cumulative paradigms. Since, in our case, the words stay on the screen, participants can reassess the critical region 
after uncovering the whole sentence. That is, they might delay at least some of the processing of the critical region 
until the whole sentence is displayed. Given this possible difference in processing at the critical word, the effect size 
might be different between the two versions of the task. Therefore, the previous data were not used to inform the 
prior. As can be seen in Section 3, our concerns about this were indeed justified.
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indicating that there is more processing effort involved in non-canonical OS order compared to 
canonical SO order. With respect to the baseline condition A and the quantifier scope condition 
C, we did not find any difference on the second NP or on the subsequent spillover region,12 as 
the estimated difference was situated around zero in both regions (NP2: –17 ms CrI: [–45, 10]; 
spillover region: –7 ms CrI: [–46, 32]). However, there was an interaction between condition 
and accuracy (inverse reading in condition C was coded as ‘correct’) on the second NP and the 
subsequent spillover region (NP2: 41 ms CrI: [14, 69]; spillover region: 59 ms CrI: [20, 100]). To 
further explore this interaction, we investigated the effect of accuracy nested under condition; 
see Figure 4. In condition A, reading times were longer when participants chose the incorrect 
answer in the TVJ task (NP2: 55 ms CrI: [–4, 118]; spillover region: 54 ms CrI: [–13, 129]). In 
condition C, reading times were longer when participants chose the inverse interpretation in the 
TVJ task (NP2: 32 ms CrI: [–1, 66]; spillover region: 73 ms CrI: [23, 128]). Thus, the analysis of 

	 12	 As mentioned before, the first NP’s noun was not included in the main analysis, because it differed between the OS 
and SO conditions. Based on a reviewer’s advice, we did an additional analysis of the whole NP and N1 separately. 
These analyses included word length and frequency of the noun as predictors. As expected, we see longer reading 
times in sentences with OS order, both in the whole first NP and in the first noun (NP1: 39 ms CrI: [5, 73], N1: 16 
ms CrI: [2, 30]).

Figure 1: Mean accuracy per condition in the truth-value-judgment task. For the unambiguous 
conditions A and B, accuracy always refers to the proportion of correct responses. For the 
ambiguous condition C, accuracy always refers to the proportion of surface reading responses.
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Figure 2: Reading times per condition in the target sentence and response times of the truth-
value-judgment task. Error bars represent confidence intervals.

Figure 3: Reading times per condition across the critical regions of the target sentence. 
Error bars represent confidence intervals.

Figure 4: Reading times on the second NP, the spillover region and the final region, and 
response times in the truth-value-judgment task, for the baseline condition A and the quantifier 
scope condition C, depending on the judgement. For condition A, black colour refers to 
sentences in which the judgement was correct, and yellow colour refers to sentences in which 
the judgement was incorrect. For condition C, blue colour refers to an inverse reading response, 
and pink colour refers to a surface reading response. Error bars represent standard errors.
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the nested effects showed that reading times were both longer in trials where participants opted 
for the wrong interpretation in condition A and in trials where participants opted for the inverse 
interpretation in condition C. Based on this result, we refit the previous model that included an 
interaction term for accuracy × condition. As before, we coded the inverse reading as incorrect 
and the surface reading as correct in condition C. In these analyses, the interaction turned out 
to be situated around zero (NP2: –12 ms CrI: [–38, 14]; spillover region: 9 ms CrI: [–28, 47]).

As can be seen in Figure 2, reading times are relatively short throughout the sentence, but 
they are longer on the final region. Based on this result, we suspect that participants might 
have uncovered the whole sentence first before fully processing it. Therefore, we decided to 
also explore the difference in reading times between conditions in the sentence final region and 
the response times in the TVJ task. With respect to the difference between conditions A and B, 
similar results as in the earlier regions were obtained, namely, sentences with OS order were read 
more slowly than sentences with SO order. However, effect sizes were more than ten times larger 
than at the critical or spillover region (sentence final region: 498 ms CrI: [267, 828], TVJ: 613 
ms CrI: [439, 800]). Also, the result for the difference between conditions A and C was similar 
to the critical and the spillover region. The difference between A and C was situated around zero 
(sentence final region: –77 ms CrI: [–287, 112], TVJ: –84 ms CrI: [–369, 204]). But there was 
an interaction between condition and accuracy (inverse reading in condition C was coded as 
‘correct’) in both regions (sentence final region: 350 ms CrI: [127, 604], TVJ: 475 ms CrI: [258, 
710]). We further explored this interaction by looking at the effect of accuracy nested under 
condition. Although effect sizes were larger, effects were in the same direction as the effects at 
NP2 and the spillover region: In condition A, reading times were longer when participants chose 
the incorrect answer in the TVJ task (sentence final region: 392 ms CrI: [35, 801]; TVJ: 645 ms 
CrI: [291, 1037]). In condition C, reading times were longer when participants chose the inverse 
interpretation in the TVJ task (sentence final region: 302 ms CrI: [55, 575]; TVJ: 459 ms CrI: 
[55, 889]). In parallel to the analyses for NP2 and the spillover region, we refit the previous 
model that included an interaction term for accuracy × condition and coded the inverse reading 
as incorrect and the surface reading as correct. The interaction turned out to be situated around 
zero (sentence final region: –65 ms CrI: [–274, 133]; TVJ: –119 ms CrI: [–335, 101]).

3.3 Interaction: reading times in conditions A vs. B × number of inverse readings 
in condition C
Finally, as for our research question (iii), we tested for an interaction between the reading time 
differences between conditions A and B (i.e., the increase in reading times in non-canonical 
sentences) and the number of inverse readings in condition C. Our hypothesis was that 
participants who have more difficulty processing non-canonical sentences should have more 
difficulty establishing inverse interpretations. Therefore, we expected a negative interaction, i.e., 
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the larger the difference between conditions A and B, the lower the number of inverse readings 
in condition C. However, we did not find support for such an interaction. In all sentence regions 
analyzed, the interaction estimates were close to zero or situated around zero, and were, thus, 
uninformative with respect to the question whether there was an interaction (determiner and 
adjective of NP1: 0 ms CrI: [–3, 3]; dann ‘then’: 4 ms CrI: [0, 9]; sentence final region: –8 ms CrI: 
[–45, 29]; TVJ: 30 ms CrI: [–17, 78]).

Figure 5: Connection between the number of inverse reading responses in condition C and the 
difference in reading times between A and B at the determiner and adjective of NP1, at the word 
dann ‘then’, at the end of the sentence and in the response times of the truth-value-judgement task. 
Dots represent the estimated mean difference between A and B per participant, and horizontal 
lines represent the 95% credible intervals around the mean. Dashed vertical lines represent the 
estimated 95% credible interval of the difference between A and B at the group level.
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The results are depicted in Figure 5. The x-axis shows the estimated reading time differences 
between conditions A and B for each participant for the four sentence regions that were analyzed 
(determiner and adjective of NP1, dann ‘then’, end of the sentence, truth-value-judgement task). 
The 47 dots represent the estimated mean difference between conditions A and B for each of the 
47 participants and the horizontal lines represent the 95% credible intervals around these means. 
The y-axis shows how often each of the 47 participants accepted the inverse reading, ranging 
from zero to 18 times. If there was a negative interaction, higher dots should be situated further 
to the left than lower dots. Yet, this pattern is not visible in Figure 5, illustrating that there is no 
support for the expected interaction.

4.  Discussion
4.1 Effects of scrambling
Based on previous research on scrambling in German (e.g., Bornkessel et al., 2002; Pregla et 
al., 2021), we had predicted that declarative sentences with a clause-initial object should be 
more difficult to process than declarative sentences with a clause-initial subject. Our findings 
are in line with this prediction. The first indication of processing difficulty could be seen on 
the spillover region following the critical NP (NP1), where reading times for object-initial 
sentences were longer than for the subject-initial sentences. In a previous self-paced listening 
experiment, the effect of movement difficulties first emerged at NP1 (Pregla, 2023). Our result 
of an increase in reading times directly after NP1 is consistent with the earlier result, although 
in our cumulative paradigm, words uncovered by the participant remained visible, unlike in 
the typical moving window paradigm. That is, although the participants could have delayed 
processing until the sentence was fully uncovered, processing difficulties were already visible 
directly after the critical region. This suggests that the participants processed the sentences 
while uncovering the words.

In addition to the immediate slowdown in reading times at the spillover region, we also 
found prolonged reading times for object-initial sentences at the end of the sentence and in 
the TVJ task. Similarly, other studies had also found longer reaction times for object-initial 
sentences in comprehension tasks (e.g., Pregla et al., 2021; Vogelzang et al., 2019). This suggests 
that the difficulties in processing scrambled sentences cannot be overcome immediately and 
persist throughout the sentence. Different from Pregla et al. (2021) and Vogelzang et al. (2019), 
comprehension accuracy did not decrease in sentences with scrambling, though. This difference 
might be ascribed to the factor age, since our study included only younger adults, while the 
earlier studies included elderly participants. It has been found that auditory comprehension of 
sentences involving movement decreases with age (Wingfield et al., 2003). However, as pointed 
out by a reviewer, there is another difference between these two studies and ours which could 
explain this effect, as well. While both former studies were listening studies, our items were 
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presented written, such that case marking might have been more noticeable to participants. More 
than that, the cumulative presentation gave participants the option to double-read. This could 
have made the subsequent task easier and increased accuracy.

Finally, Figure 5 illustrates the variability in differences between sentences with and without 
scrambling between participants. In general, all participants’ differences are larger than zero at 
the spillover region (i.e., dann ‘then’), at the sentence end, and in the TVJ task. This seems to 
suggest that all participants had some difficulty with the object-initial sentences. However, while 
many participants’ estimates fall within the range of plausible values of the group, a number of 
participants show effect sizes that are outside the range. In particular, some participants show 
much larger slowdowns compared to the mean and, thus, they seem to have more difficulty 
with these sentences than the average. This result is in line with previous studies that observed 
variability between participants in the difficulty they had with scrambled sentences (Pregla et 
al., 2021; Vogelzang et al., 2019).

4.2 Effects of scope
Similar to the case of scrambling described above, we also found effects of scope, both in reading 
times and response times. Even though condition C was not generally associated with longer 
reading times compared to the baseline condition A, as can be seen in Figures 2 and 3, participants 
who later opted for the inverse reading did, indeed, show both longer reading and response times 
compared to those participants who opted for the surface reading, as was shown in Figure 4. 
However, while in the case of scrambling, the effect was clearly visible already on the spillover 
region immediately after the critical NP, this was less pronounced in the case of scope. Even 
though there was a slight increase already on the second NP and the spillover region, the effect 
in reading times became most apparent on the final region of the sentence. These longer reading 
and response times are in line with previous assumptions about inverse scope being associated 
with additional processing costs (Anderson, 2004; Blok, 2019; Wurmbrand, 2018; a.o.). The fact 
that these effects become most apparent by the very end of the sentence and in the judgment task 
could indicate that scope ambiguities in German are not resolved immediately, as was shown in 
previous experiments on inverse scope in English (see Clark & Kar, 2011; Dwivedi et al., 2010; 
Raffray & Pickering, 2010; Sanford & Sturt, 2002; Villalta, 2003; Zhou & Gao, 2009). This is, 
thus, additional evidence against older theories of scope that suggest immediate resolution of 
ambiguities, such as Crain and Steedman (1985) and Altmann and Steedman (1988). Nevertheless, 
considering the slight increase already starting on the second NP, it also seems too strong to 
claim that scope ambiguities are left underspecified and only resolved if necessary. Otherwise, 
we would expect an effect only on the response times and not also earlier in the sentence. Instead, 
we obtained a more nuanced picture, in that scope resolution is initiated at an early stage and 
continues until the end of the sentence. Our experiment is in line with an early SPR-experiment 
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on quantifier scope in German (Bott & Schlotterbeck, 2015), where scope resolution started 
immediately on the second NP, but only in case the main predicate of the sentence had already 
been encountered. Just as in our study, the longer reading times continued and amplified until 
the end of the sentence. Note, though, that in the study by Bott and Schlotterbeck, the items were 
different from ours, in that the word order was non-canonical OS, suggesting a reconstruction 
effect rather than QR.13 The choice of quantifiers differed too, in that the first NP was a partitive 
construction with a universal and the second NP was a modified numeral (genau ein ‘exactly 
one’); see (5). Further, there was only one more phrase after the critical item – the second NP – 
occurred and before the sentence ended.

(5) German
Jeden [seiner/dieser] Schüler lobte genau ein Lehrer voller
each [of-his/of-these] pupils.acc praised exactly one teacher.nom full-of
Wohlwollen.
goodwill.
‘Exactly one teacher praised each of his/these pupils full of goodwill.’

Bott & Schlotterbeck (2015, p. 64)

Furthermore, some conditions contained a bound possessive pronoun. Finally, Bott and 
Schlotterbeck employed the moving window SPR paradigm, in contrast to our cumulative 
paradigm. It is, therefore, noteworthy that, despite those differences in the design of the items 
and the procedure, the processing results are so similar.

Looking at Figure 4, we see that participants who respond incorrectly in the judgment task 
in the baseline condition A already show an effect of longer reading times in the sentence. This 
indicates that participants did not merely give an incorrect response because they could not 
remember the sentence anymore, but because they already had problems processing the sentence 
while reading. In fact, the patterns of inverse scope judgments in condition C and incorrect 
judgments in condition A are strikingly similar. This may lead to the conclusion that we are 
not dealing with inverse interpretations at all, but simply with cases of misinterpretations, i.e., 
participants responding incorrectly. However, there are several reasons why this is not plausible. 
As described above, we obtained an inverse response ~15% of the time in condition C and an 
incorrect response ~5% of the time in condition A. If we assume that the 15% are merely incorrect 
responses, we have to explain why, in condition C, there are three times as many incorrect 
responses as in A. There is no difference in structural complexity between the two sentences. 
In fact, they are fully identical apart from the determiner on the first NP, which is definite in A 

	 13	 Under reconstruction, an overtly moved NP is interpreted in its base position, which is in a position below another 
NP. This way, an inverse reading can arise without the need for QR. German is known to allow for inverse readings 
under reconstruction quite readily (Frey, 1993).
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and indefinite in C. If we assume that the longer reading times in C have nothing to do with the 
interaction of the two quantifiers, then we can only attribute it to the lexical difference between 
the definite determiner in condition A and the indefinite determiner in condition B. But it seems 
implausible that the difference between those two determiners would cause a 3x-increase in 
incorrect responses. Even though multiple studies have reported that the definite determiner 
results in lower processing costs compared to the indefinite determiner, this is only the case if it 
refers back to an already introduced discourse referent (Irwin et al., 1982; Kirsten et al., 2014; 
Murphy, 1984). If the uniqueness presupposition of the definite determiner is violated, it causes 
processing costs in the same way as when an indefinite determiner is used despite the uniqueness 
of the referent (Bade & Schwarz, 2019). As for the items in our experiment, the uniqueness 
requirement of the definite determiner is not met, due to the use of a bare plural in the context. 
This potentially requires participants to accommodate in order to render its occurrence in this 
context felicitous, thereby making condition A with the definite determiner more difficult; see 
also the discussion in 4.4 below. Because the referents have already been introduced in the 
context, there is no additional cost that would be associated with the introduction of a new 
discourse referent, as might otherwise be the case with the indefinite determiner. Thus, condition 
C with the indefinite determiner should not be any more difficult than condition A with the 
definite determiner. If no scope interaction took place at all, we would expect at least the same 
accuracy in condition C, compared to condition A. Moreover, despite the more difficult sentence 
structure in the scrambled condition B, which also caused processing difficulties for participants, 
accuracy was not any lower than in the non-scrambled condition A. Thus, even if it was the case 
that condition C was more difficult to process than condition A, it is still unclear why that would 
be reflected by a dramatic 3-fold increase of incorrect answers, as we see no such increase in the 
scrambled condition B. If we assume that, in condition C, just as in A and B, 5% of the responses 
are truly incorrect, then we are still left with 10% of the cases which can only be interpreted 
as true inverse readings. We therefore attribute the similar patterns of inverse and incorrect 
responses to more general processing difficulties in both cases.

The overall percentage of inverse scope interpretations in the study at hand is lower than 
in comparable experiments on scope in German with the same type of sentence construction 
(Fanselow et al., 2022; Philipp & Zimmermann, 2020, 2023), where the acceptance across studies 
was 25–39%. We see two reasons for this effect. First, in all but one of the studies presented in 
the previous literature, the abbreviated form `n of the German indefinite ein was used. This was 
done because the full indefinite in German can also receive a numeral or a specific interpretation, 
both of which make the surface interpretation more likely. In fact, in the one study where the full 
indefinite was used (Philipp & Zimmermann, 2023), the acceptance of the inverse reading was 
clearly lower (25%) than in the other three studies (32%, 34%, 39%). If this 25% is also adjusted 
in the same way as we did with our own results above – by taking into account the percentage 
of incorrect responses in unambiguous conditions, as reported in the respective study (~5–10%) 
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– then we arrive at 15–20% of true inverse readings, which is much closer to the value of 10% 
we found in our own study. Finally, it is fair to assume that an SPR procedure is more difficult for 
participants than reading the sentences in a natural way. Additionally, in our study, participants 
had to perform the follow-up judgment task when the sentence had already disappeared, while 
in the studies mentioned above, the sentence could be read again when the question or task 
appeared. As inverse scope interpretations require a higher mental cost, it seems plausible to 
assume that additional factors that make the task more difficult, like SPR, or having to keep the 
sentence in memory, increase the burden on the participant and, consequently, reduce inverse 
scope interpretations.

Similar to previous experiments on scope in German (Fanselow et al., 2022; Philipp & 
Zimmermann, 2020, 2023) we found variability between speakers in the extent to which they 
accept inverse scope readings. While a number of participants consistently rejected the inverse 
scope interpretation, the majority of participants accepted them 5–35% of the time, as shown in 
Figure 6. Two outliers accepted the inverse scope reading unusually often, 50% and 90% of the 
time, respectively. However, because the overall acceptance of the inverse reading was much 
lower than in comparable studies, the variability we found is also less pronounced (floor effect). 
Nevertheless, it can be seen that the inverse responses were not mainly driven by a few outliers, 
but by a majority of participants, who gave them in a small portion of the items.

4.3 Interaction between scrambling and scope
As shown in Figure 5, we did not find an interaction between the number of inverse responses 
and the difference in reading times between conditions A and B. Thus, our study does not provide 
support for the hypothesis that participants who have difficulty with processing non-canonical 
word order also have difficulty with inverse readings, and conversely, that participants who 

Figure 6: Participant distribution with respect to number of inverse scope choices.
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have little difficulty with non-canonical word orders also find it easier to obtain the inverse 
reading. The results of this study do not give any indication that the difficulties associated with 
the two phenomena, and the variability found in both of them, share a common underlying 
source.

Even though we cannot draw conclusions from the lack of an effect in our study in favour of 
the null hypothesis, we still want to speculate a bit on the possibility that the two phenomena 
investigated here do not, in fact, share a common underlying source and that the similar patterns 
of processing difficulty in participants arise from two unrelated factors. This could either be 
because we are dealing with different types of movement (e.g., A- vs. A’-movement, overt 
vs. covert movement), or because one or both phenomena do not actually involve syntactic 
movement at all, contrary to what is often assumed; see also Section 1. One indication in favour 
of the assumption that scrambling and quantifier scope do not, in fact, share the same underlying 
source is provided by Varkanitsa et al. (2016), who show that participants with the acquired 
language disorder aphasia have less difficulty with the inverse reading than language unimpaired 
participants. Non-canonical word order, on the other hand, causes more difficulties in participants 
with aphasia than in unimpaired participants (Caplan et al., 2013, 2015; Hanne et al., 2011; 
Pregla et al., 2021). This pattern is unexpected if the underlying source is the same. If it was, we 
would expect participants with aphasia to exhibit the same pattern in both cases. Instead, we see 
that they diverge.

Another possibility would be that the two topics are, in fact, related but we were unable 
to find this relationship, possibly due to the measure we used for processing difficulty in the 
quantifier scope condition. We reasoned that the number of inverse readings would reflect the 
difficulty that a person has with covert movement. Our assumption was that a person who 
accepts a high number of inverse readings would have little difficulty with covert movement, 
whereas a person who accepts a low number of inverse readings would have more difficulty 
with covert movement. However, processing difficulty with covert movement might be better 
captured by the difference in reading times between surface reading and inverse reading. To 
study the connection between covert and overt movement, one would then have to compare 
the difference in reading times between the surface and the inverse readings and between 
scrambling and no scrambling. We did not carry out this analysis, because of the large group of 
participants who accepted only a very small number of inverse readings. For these participants, 
it would be difficult to get a representative estimate of the difference in reading times between 
surface and inverse readings. To get an estimate for this difference, one would, therefore, need 
more participants who accept a large number of inverse readings. The acceptance rate could, 
for example, be increased by using sentences that are biased towards the inverse reading. 
Nevertheless, this measure would only provide the relevant results under the assumption that 
the observed differences between participants are due to differences in processing difficulty. 
Instead, it could also be that participants all experience the same level of difficulty with inverse 
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readings, but with some participants, the parser is more “willing” to accept higher processing 
costs. In another study, it might, thus, be useful to analyse both the processing cost for inverse 
readings and the number of inverse readings.

4.4 Potential confounds
Our experiment contained two potential confounds that we are going to address in the following, 
showing that they do not undermine the main findings of our study.

4.4.1 Accommodation
As discussed in 4.2 above, the definite determiner carries two presuppositions, existence and 
uniqueness. In conditions A and B, where the definite determiner occurs, the uniqueness 
presupposition is partly violated. This can be seen in (6). In condition A, we refer to a unique 
wide canal in the target sentence after introducing a plurality of canals in the context. The 
same happens in (6b) for condition B, where we refer to a unique wide field after introducing 
a plurality of fields in the context. Even though the effect of this might be attenuated by the 
adjective breit (‘wide’), referring to the only wide canal or field among all the other canals and 
fields, participants might still show an accommodation effect, because a unique antecedent has 
not been established in the context already. This may lead to additional processing costs, due 
to the accommodation procedure. At the same time, we would expect such an accommodation 
effect only on, or shortly after, the first definite NP. A potential effect of scope disambiguation 
in condition C, compared to the baseline condition A, should, therefore, still be visible on or 
after the second NP, which is exactly what we found. As for the effect of word order in the 
difference between conditions A and B, this should also be unaffected by accommodation, since 
this would apply equally in both conditions. The reading time data also does not show any sign 
of processing difficulties due to accommodation, as they do not differ between condition A with 
the definite determiner and condition C with the indefinite determiner on the first NP or the 
region after (see Figure 3).

(6) German
a. Condition A:

Der Agrarexperte hatte empfohlen, dass die Äcker durch [Kanäle] bewässert
werden sollten. Und tatsächlich bewässerte [der breite Kanal] dann jeden Acker in 
der Region der Bauern.
‘The agriculture expert had advised that the fields be irrigated by [canals]. And 
then, indeed, [the wide canal] irrigated every field in the region of the farmers.’

b. Condition B:
Der Agrarexperte hatte empfohlen, dass [die Äcker] durch Kanäle bewässert werden 
sollten. Und tatsächlich bewässerte [den breiten Acker] dann jeder Kanal in der 
Region der Bauern.
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‘The agriculture expert had advised that [the fields] be irrigated by canals. And then, 
indeed, every canal irrigated [the wide field] in the region of the farmers.’

4.4.2 Cumulative presentation
The second potential confound is the cumulative presentation, which we employed in order 

to reduce the mental load for participants. A danger with this method is that participants uncover 
the whole sentence before actually reading and processing it, which would hide all potential 
on-line effects. Indeed, we can see that the reading times were very long on the final region. 
However, as we found on-line effects for both the scrambling and the scope phenomenon, these 
longer reading times at the final region seem to be an indicator of participants merely re-reading 
the sentence. They still seem to read and process the sentence while uncovering it. It is still 
possible, though, that the effects might be more pronounced in a non-cumulative presentation. 
It could, therefore, be interesting to see the outcome of the same study employing a different 
on-line method. One option would be eye-tracking, where the complete sentence can be shown, 
but different reading time measures still allow one to tease apart immediate processing from 
reanalysis.

5.  Conclusion
In this article, we presented two seemingly unrelated phenomena, (i) scrambling and (ii) 
quantifier scope. We showed, based on previous literature, that both of them show similar 
processing patterns: both inverse scope readings and scrambling are associated with increased 
processing costs. Nevertheless, in both cases, there is great variability between participants, with 
some having little to no difficulty and others having much more difficulty. Both phenomena 
have been argued in the literature to involve some type of movement. We hypothesized that the 
processing difficulties may be caused by a shared underlying problem, e.g., by a general difficulty 
with or resistance to optional syntactic movement, which is stronger in some participants than 
in others. We conducted a cumulative self-paced reading experiment, where we manipulated 
the factors word order and presence of double-quantification. We measured accuracy, reading 
times, and response times to determine if participants with lower reading times for scrambled 
word order show a higher number of inverse interpretations. As such, this was the first study to 
investigate this type of question. We found the expected effect of scrambling after the first NP 
(clause-initial object) and we found the expected effect of inverse scope readings on the second 
NP and subsequent regions. Our results, thus, provide additional support for previous findings 
on these two topics. They also indicate that the cumulative paradigm that we employed is well 
suited to test these types of questions and can, thus, provide a viable methodological alternative 
in cases where another paradigm might be too demanding for participants. Although effects 
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were most pronounced at the end of the sentence and in the response times, we still observed 
on-line effects at the critical regions, too. Contrary to our initial hypothesis, we did not find a 
connection between the two phenomena when comparing the increase in reading times in the 
case of scrambling to the number of inverse interpretations for each participant. We discussed 
the possibility that the respective processing difficulties simply do not share any underlying 
source. This might be supported by results from independent studies, such as Varkanitsa et 
al. (2016). At the same time, we also discussed the second possibility that the specific design 
and measurements taken in our study might not have been appropriate for uncovering the 
hypothesized connection and suggested what improvements would allow future experiments to 
target this question in a better way.
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