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Abstract: The principle of end-weight (Quirk et al. 1985) posits that language users prefer
to place short (“light”) before long (“heavy”) constituents because this is easier to cogni-
tively process (Hawkins 1994). Weight effects on constituent order have been discussed
for well over a century in languages like English and German (cf. Behaghel 1909, 1930). In
Slavic languages, however, they have received little attention so far (cf. Kizach 2012: 251).

Rather, the focus has been on information structure (Short 2002: 494). However,
Goldberg’s Tenet #5 predicts that general cognitive restraints such as weight effects ap-
ply across languages (Goldberg 2003: 219). This article presents the results of a pilot study
that investigates a phenomenon known as Heavy NP Shift, in which the | [NP PP] pat-
tern changes to ,,[PP NP] when the NP is heavier than the PP.

Employing the Magnitude Estimation Test method (Hoffmann 2013), grammati-
cality acceptability ratings from 39 L1 Slovak speakers were elicited. The results show
that Slovak is susceptible to weight effects, such that placing short before long constit-
uents is always preferred. Moreover, the results provide evidence for the existence of a
vl V NP PP] pattern in Slovak that has been identified as “basic” for English (Hawkins
1994: 20). This supports Hawkins’s (2004) Performance-Grammar Correspondence Hy-
pothesis, which posits that grammaticalized patterns in analytic languages are the result
of performance preference and therefore preferred in synthetic languages.

1. Introduction*

The effect of constituent weight (i.e., constituent length and complexity)
on word order has been observed and discussed for well over a century
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(cf. Behaghel 1909, 1930). The “principle of end-weight” (Quirk et al. 1985)
states that placing light before heavy constituents is preferred due to process-
ing efficiency effects (Hawkins 1994), where “light” means short/less complex,
and “heavy” means long/more complex.! This light-before-heavy principle
can be explained as being rooted in locality-based approaches, which predict
a processing advantage when the distance between major syntactic heads is
minimized. For example, in the context of his theory of Early Immediate Con-
stituents (EIC), Hawkins (1994) has argued that syntactic heads being placed
closer to each other result in locality effects (cf. also Gibson’s (1998, 2000) syn-
tactic prediction locality theory). This has led to ,,[NP PP] becoming the “ba-
sic order of the English VP” (Hawkins 1994: 20) because PPs tend to be heavier
(i-e., longer and more complex) than NPs. To illustrate this, consider examples
(1) and (2) (from Hawkins 1994: 20):

(1) John [gave [abook] ,.[to Mary]]
(2) John ,[gave ,[to Mary]  [a book]]

According to EIC, English speakers will prefer (1), because here the heads
of the three syntactic constituents (V, NP, PP) in the VP are adjacent, which is
the optimal situation from a locality perspective for ease of processing. Note
that this follows a cognitive approach that does not assume an “unmarked”
word order due to semantic roles or case.

Now, when the NP is heavier than the PP, a phenomenon called Heavy
NP Shift* (HNPS) occurs: The NP is “shifted” so that V and DO are separated
by a prepositional phrase (Mains et al. 2015), thereby increasing processing
efficiency as in (3) (example from Hawkins 1994: 57):

() [I,.lgave ,[to Mary] ,[the valuable book that was extremely difficult
to find]]

It is noteworthy that HNPS does not occur categorically. Studies have
shown that it is most likely when the weight difference between a light PP

! In the following text, we operationalize constituent weight as the number of or-
thographic words in a constituent, a simple and tried-and-tested method (cf., e.g.,
Szmrecsanyi 2004: 1037) based on the observation that the “number of words, number
of nodes, and number of phrasal nodes [...] are so highly correlated that it is impos-
sible to choose among them on empirical grounds” (Wasow and Arnold 2003: 121).
Accordingly, in the following text, “light” is to be understood as fewer, and “heavy”
as more words.

2 The term “shift” originates in analyses based on derivational models of syntax
(Mains et al. 2015).
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and a heavy NP is at least four words (Hawkins 1994; cf. also Wasow 1997;
Stallings and MacDonald 2011). In fact, even when there are considerable dif-
ferences in weight, HNPS does not always occur (cf. Wasow 2002). In this con-
text, previous studies (e.g., Konieczny 2000; Konieczny and Déring 2003) have
offered an explanation in anti-locality effects, which are explained through
expectation-based accounts. In contrast to locality theories which are based
on memory limitations, expectation-based approaches posit different key
cognitive constraints as determining syntactic complexity (cf. Gibson and Wu
2013). A prominent example of an expectation-based approach is the so-called
surprisal theory, according to which the difficulty of processing an input in
the context in which it appears decreases as the input’s conditional probabil-
ity increases (Hale 2001; Levy 2008; Smith and Levy 2008, 2013). To estimate
surprisal, different psychometric variables have been used recently in the
theoretical studies, including acceptability judgements (if surprisal correlates
with perception, one should expect responses that are surprising in context to
obtain lower scores, i.e., a negative relationship between surprisal and score)
(e.g., Lau et al. 2017; Wallbridge et al. 2022). Thus, expectation-based theories
can also provide explanations for longer-before-shorter orders (cf. Balling and
Kizach 2017).

Furthermore, ceiling effects have been observed, to the effect that “in-
creasing NP length appears to bring HNPS only to a par with the canonical
[i-e., basic] constituent order, such that HNPS is never significantly preferred
over the canonical [i.e., basic] word order” (Medeiros et al. 2021: 437). In other
words, speakers are highly reluctant to deviate from ,,[NP PP], underscoring
the fact that it is “basic” and has been “grammaticalized” in English (Hawkins
1994: 20).

What makes HNPS particularly interesting is that it allows investigating
cognitive effects on word order with minimal “interference” from other fac-
tors because it is a “rare case of phrase ordering that does not affect grammat-
ical role assignment” (Stallings et al. 1998: 395). That is, the direct object NP
stays a direct object NP even when shifted;’ this is not the case with other syn-
tactic alternations such as the ditransitive/to-dative alternation. In fact, HNPS
is a perfect candidate for investigating the effects of processing efficiency
on constituent order because, unlike other syntactic alternations,* it is trig-
gered exclusively by constituent length/complexity. Neither is it stylistically

3 In generative approaches, HNPSis argued to belong to the category of wh-movement,
i.e, itis assumed that A-movement is responsible for the shift (Haegeman and Guéron
1999: 221-24), because the moved NP is no longer in the canonical direct object posi-
tion and has not been assigned a different case by its new position, which would be
the case in A-movement (cf. also Haegeman 1994: 418-21).

* HNPS has also been discussed in the context of patterns other than [V NP PP],
e.g., the dative alternation. However, all of these syntactic alternations appear to
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motivated nor have animacy effects been found (Stallings et al. 1998: 410).
Moreover, Kizach (2014) has noted that speakers “care more about complexity
than about givenness” because “the potential benefit of heeding complexity
(having short-before-long wherever possible) is [...] much larger”. Similarly,
Simik (2021: 3) finds that “[ijnformation structure and syntax [...] are related
only very loosely” in Czech, explicitly refuting the notion that “syntax, which
generates [word order] alternations is tightly related to information structure,
which motivates them”.

The claim that weight effects prevail over givenness when it comes to
word ordering is particularly relevant for research on the Slavic languages.
While there is a large body of research on the principle of end-weight and
HNPS in languages such as English and German (e.g., Behaghel 1909: 139,
1930: 85; Quirk et al. 1972; Quirk et al. 1985; Hawkins 1994, 2004, 2014; Wasow
1997; Arnold et al. 2000; Stallings et al. 1998; Stallings and MacDonald 2011;
Mains et al. 2015; Melnick 2017; Medeiros et al. 2021), in Slavic languages little
attention has been paid to weight effects so far. For example, Kizach (2012:
251) has noted that “whereas newness has repeatedly been argued as being
a relevant factor for Russian, little or no attention has been paid to weight”.
Rather, the focus has been on information structure, i.e., givenness.5 For
example, Short notes that it is consistently claimed in grammars of Slovak
that “pragmatic constituent order takes precedence over syntax” (Short 2002:
494), and that “[m]odern Slovak sources decline to refer to any unmarked or-
der of constituents in terms of basic word order” (Short 2002: 566).° In other

be semantically motivated. For the purposes of the present investigation, the term
“heavy NP shift” entails none of these other syntactic alternations.

> We are grateful to an anonymous reviewer for pointing out that “[w]hile the term
‘information structure’ was introduced [...] by Halliday (1967), by and large in the
sense of givenness, its meaning nowadays is broader, encompassing also topic-
comment and background-focus structuring (see, e.g.,, Lambrecht 1994 [...] or Krifka
2008)".

® Note that Simik et al. (2014) investigated the impact of givenness on the position
of the direct object (DO) in Czech with respect to three clause-mate constituents—
subject (S), verb (V), and VP-modifying PP (X). In two controlled acceptability judg-
ment experiments, two main observations were established: (i) for objects in all-new
contexts and (ii) for given objects. In contexts with given objects, the order S-V-X-DO
(condition 1) was significantly less acceptable than all other orders; the orders S-V-
DO-X, S-DO-V-X, and DO-5-V-X (conditions 2, 3, and 4, respectively) showed no sig-
nificant difference (conditions 2 and 3 violated the civeN—NEW principle and condi-
tion 4 did not violate it). In this study, only two variables were used in the design
of the experiment: referentiality of the object and position of the object. However,
in one of the examples presented in Simik et al’s (2014) Experiment 1 (in all-new
contexts), object NP and VP-modifying PP differed with respect to weight (light/
heavy). The results of the study showed that there was no significant difference
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words, neither has processing efficiency been discussed as a factor affecting
word order in Slovak, nor has there been any mention of a resulting “basic”
word order such as the one that Hawkins (1994) determined for English (see
above).” This is evident from our review of numerous grammars of the Slo-
vak language (Pauliny et al. 1963; Orlovsky 1971; Mistrik 1983, 1988, 2003;
Pauliny 1981, 1997; Pavlovic¢ 2012; Ivanova 2016) as well as more than six de-
cades” worth of issues of two of the most authoritative linguistic journals
on the Slovak language, Jazykovedny casopis (https://www.juls.savba.sk/ediela/jc/)
and Slovenskd rec (https://www.juls.savba.sk/ediela/sr/).

However, it is unlikely that weight effects should not play a role in word or-
dering in Slovak. As a synthetic language, its word order is certainly more flex-
ible than English, but it should nevertheless follow the principle of end-weight
and exhibit Heavy NP shift. This is predicted by Goldberg’s Tenet #5, which
posits that “[c]ross linguistic generalizations are explained by appeal to general
cognitive constraints” (Goldberg 2003: 219). Moreover, Hawkins'’s Performance-
Grammar Correspondence Hypothesis (PGCH) states:

When the grammar of one language is more restrictive and
eliminates one or more structural options that are permit-
ted by the grammar of another, the restriction will be in
accordance with performance preferences. The preferred
structure will be retained and “fixed” as a grammatical
convention, the dispreferred structures will be removed.
(Hawkins 2004: 5)

In other words, PGCH predicts that the fixed word orders of analytic lan-
guages are the result of performance preference due to processing efficiency,
and that these fixed word orders will mirror word orders that are preferred
in languages with more flexible word orders, i.e., synthetic languages. This

between the word orders heavy non-referential object NP — light PP and light PP —
heavy non-referential object NP (on a Likert-type rating scale with nine points, the first
word order achieved a mean rating of 7.79 and the second word order a mean rating
of 7.6). Unfortunately, Simik et al. (2014) did not investigate any weight distinction of
the investigated object NPs and PPs in Experiment 2 for given objects. We therefore
suggest that the results of their experiment (which is robustly corroborated by the
data), i.e., that the scrambling of the given object is just as acceptable as keeping it in
situ as long as it is not placed clause-finally, should be further tested for weight effects.

7" As noted by an anonymous reviewer, “for the closely related Czech, it has been
taken for granted that there is something like basic word order, see, e.g., Sgall et al.
(1980) et seq., where basic order is called ‘systémové’ (systemic in English texts) and
where it is one of the core principles determining the order within the new (not ‘con-
textually bound’) area of the utterance”. Furthermore, the reviewer has pointed out
that Siewierska and Uhlifova (1998) in their survey “also don’t seem to mention explic-
itly a basic order (which they discuss primarily based on Czech and Polish)”.
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has been demonstrated in corpus-based studies on the Slovak comparative
correlative (CC), a biclausal construction (e.g., [Cim menej reci tu bude,] ., [tym
skor zaspim]., ‘The less talking there is here, the sooner I will fall asleep’),
where Horsch (2020, 2021) showed that there is a statistically significant pref-
erence for constituent orders in both subclauses C1 and C2 that mirror the
grammaticalized order in English.

These observations have led us to the following research questions:

i.  Asin English, is there a preference for placing light be-
fore heavy constituents in Slovak?

ii.  Has this led to a basic, grammaticalized order such as
the one that has been determined for English?

Our hypotheses are as follows:

i.  Goldberg’s Tenet #5 (Goldberg 2003: 219) maintains
that general cognitive restraints such as processing ef-
ficiency will result in cross-linguistic generalizations.
Based on research on English that has adduced ample
evidence in support of the principle of end-weight,
and thus, a preference for light constituents to precede
heavy constituents, we predict that the same holds true
for Slovak.

ii. Hawkins’s (2004) PGCH predicts that the fixed word or-
ders of analytic languages such as English will be mir-
rored in preferred word orders in more synthetic lan-
guages such as Slovak. We therefore predict that Slovak
also has a constituent order that can be described as
“basic”. Given the findings for English, we predict that
this is the . [NP PP] order.?

To answer the research questions outlined above, we decided to carry
out experiments using the Magnitude Estimation Test method to elicit gram-
maticality acceptability judgments from L1 Slovak speakers. The method is
discussed in Section 2; the results are presented in Section 3. Section 4 offers

8 Simik and Wierzba (2017), using gradient acceptability judgments and multiple re-
gression, showed that, for Czech, Slovak, and Polish, postverbal objects were equally
acceptable irrespective of whether the objects were preceded or followed by an in-
direct object or an adverbial, i.e, the orders | [object NP PP] and , [PP object NP]
showed no significant difference in acceptability. Their results display no significant
effects on the relative ordering of object NP and PP. However, the interaction between
weight order and phrase order was not tested in this study.
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a discussion of these results in light of current research, and in Section 5 we
offer a conclusion, including suggestions for further research.

2. Methodology: Magnitude Estimation Test (MET)

The MET method (Bard et al. 1996, Cowart 1997, Hoffmann 2013) features
grammaticality acceptability judgments,’ i.e., it requires subjects to “judge
stimuli relatively to a reference item” (Hoffmann 2013: 99) instead of restrict-
ing them to a scale with absolute values, e.g., the Likert scale. The method is
based on the assumption that humans are better at making relative judgments
than absolute judgments (Hoffmann 2013: 99).!° As Cowart has pointed out,
the ratings thus obtained translate to “proportional relation among the num-
bers assigned to different stimuli”, which “should reflect the proportions of
the stimuli themselves; thus a sentence that is judged twice as good as another
should get a number twice as high as that assigned to the other sentence”
(Cowart 1997: 73-74).

In practice, MET questionnaires present a set of sentences (test items) to
subjects, who rate them with a number that they are basically free to choose.
However, they are asked to provide this number “proportional to a constant

? Note that such experiments measure degrees of acceptability (Hoffmann 2013: 104; who
also refers to Featherston 2007a, b; Fanselow 2007; and Newmeyer 2007) and not gram-
maticality in the Chomskian sense, i.e, whether a sentence belongs to the language
system, and is therefore “grammatical”, or does not, making it “ungrammatical” (as
discussed in Hoffmann 2013: 104). That is to say, while the experiments that are part
of the present investigation were carefully designed and implemented following best
practices in an attempt to “get as close to grammaticality as possible” (Hoffmann 2013:
104), their results do not permit any definitive claims about the grammaticality (or un-
grammaticality, for that matter) of the investigated structures in the Chomskian sense.

10 As pointed out by an anonymous reviewer, MET as a method has recently also
been critically scrutinized (e.g., Weskott and Fanselow 2011; Sprouse 2011; Fukuda et
al. 2012; Verhagen et al. 2020). However, as noted by Hoffmann (p.c. in August 2024),
MET seems to yield reliable results akin to other methods. Verhagen et al., for exam-
ple, arrive at the conclusion that “ratings expressed on a Magnitude Estimation scale
did not differ systematically from the ratings expressed on a Likert scale” (Verhagen
et al. 2020: 61-62), and similarly, Fukuda et al. (2012: 335) found “overwhelming con-
sistency in their results” from Likert scale and MET tests. On a final note, the main
point of criticism seems to be that the method is “more difficult for experimenters to
implement and requires more mathematical sophistication on the part of experiment
participants” (Fukuda et al. 2012: 336).

However, in the authors’ own experience with conducting MET experiments for
the present study as well as a previous one (Horsch 2023a, b), subjects did not report
any notable challenges in understanding and applying the method. Moreover, prepa-
rations for the experiments and their implementation did not cause any considerable
difficulties.
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reference sentence” (Hoffmann 2013: 99) that they have assigned a number
of their choosing at the beginning of the experiments. Thus “subjects do not
have to rate stimuli on a scale [...] which might artificially limit their choices”
but rather “decide on their own scale and make as many fine-grained choices
as they deem necessary” (Hoffmann 2013: 103). Our questionnaires also fea-
tured grammatical and ungrammatical fillers, which later provided baselines
against which test items can be compared. This makes it possible to assess test
items not just in relation to each other, but also in relation to grammatically
correct and incorrect items.

To answer the research questions outlined in §2, we decided to test two
variables with two levels each, WEIGHT ORDER (levels: LIGHT-HEAVY, HEAVY-LIGHT)
and PHRASE ORDER (levels: NP-PP, PP-NP). We wanted to test all possible factor
combinations (conditions):

e LIGHT NP — HEavY PP
e HeAvY NP — rigHT PP
e LiGHT PP — HEAVY NP
e peavy PP — vigar NP

Following Cowart (1997: 49-50), the aim was to present to every partici-
pant all four of these conditions but use different lexical material each time
to ensure that “the informant is never able to confront a sentence in quite
the same way twice” (Cowart 1997: 50). Because of the low number of condi-
tions (four), we decided to create!! eight lexicalizations to test each condition
twice. This also allowed us to install a safeguard against lexical effects since
two lexicalizations have been shown to be able to neutralize lexical effects of
any items other than the investigated variables (cf. Schiitze and Sprouse 2013).
Each lexicalization featured a VP consisting of a V, an NP and a PP, the latter
of which featured the prepositions do ‘(in)to’, na ‘on(to), pod “‘under’, z ‘out of’,
‘from’, medzi ‘between’, and od ‘from’ (4a—h):'?

T Note that due to time constraints, we created experimental sentences from scratch
and did not use authentic sentences; it is acknowledged that some experimental stud-
ies featuring acceptability ratings use authentic or shortened authentic examples
(e.g., Divjak 2017).

12 11 the valency patterns captured in valency dictionaries, object actants and obliga-
tory adverbials are captured by the scheme S-V-O-PP with object actants preceding
adverbials. However, this is merely a convention which does not exclude the possible
scrambling of the object actant in the sentence structure. The possible influence of
the valency status on their ordering within sentence structure has been investigated
in several studies on word order for Czech. For example, word order involving object
actants and adverbial adjuncts was investigated by Rysova (2011), who demonstrated
that valency status of adverbials (obligatory versus non-obligatory) may have an in-
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@) Lexicalizations'

a. Evadala (ten drahy) kabat (, ¢o jej manzel ktipil vo Viedni,) do
(profesionalnej) Cistiarne (, ktort jej odporucila suseda,)

‘Eve brought the (that expensive) coat (that her husband had
bought her in Vienna) to the (professional) dry cleaner (that her
neighbor had recommended)’

b. Sestricka odoslala (r6zne) vzorky (, ktoré den predtym odobrala
pani Novakovej,) na (rozsiahlu) kontrolu (, ktort si vyziadal jej
neuroldg,)

‘The nurse sent (various) samples (that she had taken from
Ms. Novakova the day before) to an (extensive) examination (that
her neurologist had asked for)’

c. Hostia polozili (svoj velky) kufor (, ktory s ndAmahou vynasali po
schodoch,) pod (biely) stdl (, ¢o stoji pri okne v kuchyni,)
‘The guests put the (their big) suitcase (that they had laboriously
carried up the stairs) under the (that white) table (that is next to
the window in the kitchen)

fluence on word order (with non-obligatory adverbials preceding patients and obliga-
tory adverbials following patients). However, the investigation was focused mostly on
manner adverbials and lightness or heaviness of valency actants, and adjuncts were
not tested as possible variables affecting word order. In another study, Rysova and
Mirovsky (2014) focused on testing valency as a word order factor in Czech by study-
ing the results of a series of corpus queries and the decision trees algorithm. The main
aim of the study was to test the hypothesis that obligatory adverbials (in terms of
valency) follow the non-obligatory (i.e., optional) ones in the surface word order. For
the 10-fold cross-validation in the decision trees experiments, various sets of features
were tested, including form and length of one of the governed nodes and its subtree
(e.g., length in words, length in characters, verbal modality, dependent clause). This
study showed that valency (obligatoriness of sentence members) is not a strong factor
influencing surface word order in Czech. However, it was also shown that there are
several features in their feature selection that influence word order of contextually
non-bound free modifiers of a verb in Czech, one of them being the length of verb
modifiers (Rysova and Mirovsky 2014: 979). In the experiment presented in our study,
both obligatory and non-obligatory adverbial PPs were used in the lexicalizations.
Hence, further investigations on the possible influence of valency status on the prefer-
ential word order is necessary to satisfactorily settle the issue.

13 Note that the order of NP and PP of these lexicalizations (4a—h) was varied in the
actual questionnaire, such that all possible combinations (i.e., NP-PP and PP-NP) were
tested. They are shown here with NP preceding PP simply for ease of exposition.
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@ d.

Marek vybral (ten vineny) sveter (, ¢o ma cervené a modré pruhy,)
z (mokrej) tasky (, ktora si celt oblial kavou,)

‘Mark took the (that woolen) sweater (that had red and blue
stripes) from the (large) bag (all over which he had poured
coffee)’

Ucitel'ka vpustila (malych) skolakov (, ktori sa prave vratili z
prestavky,) do (Skolskej) jedalne (, ktord prijemne vonala od
palaciniek,)

‘The teacher let the (little) schoolkids (who just came back from
break) into the (school) canteen (that smelled pleasantly like
pancakes)’

Snuibenci pozvali (tt mild) tetu (, ktord uz dlhé roky zije v
zahranici,) na (letnd) svadbu (, ktora sa mala konat v juli,)

“The bridal pair invited the (that nice) aunt (who had lived many
years abroad) to [their] (summer) wedding (that was going to take
place in July)’

Janka vlozila (svoju novt) knihu (, ktort1 jej daroval stryko
z Raktska,) medzi (tie) ostatné (, ktoré uz mala odlozené na
policke,))

‘Joanne put the (her new) book (that her uncle from Austria had
given her) between (those) others (that she had already put on the
shelf)’

Katka dostala (ten velky) darcek (, ktory bol zabaleny v zlatom
papieri,) od (najlepsich) kamaratok (, ktoré pozvala na svoje
narodeniny,)

‘Kate got a (that big) present (that was wrapped in golden paper)
from her (best) friends (that she had invited to her birthday)’

These eight lexicalizations were then used to create all four factor combi-
nations twice, resulting in 8 x 4 = 32 tokens, which were then divided into four
material sets of eight tokens each using the Latin squares method (Hoffmann
2011: 29, cf. also Keller 2000: 60; Keller and Alexopoulou 2005: 1121). The aim
was to present every factor combination to every participant twice, but with-
out using the same lexicalization more than once in every material set. Thus,
material set 1 appeared as follows (5a-h):
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(5) Test items, material set 1**

a.

Eva dala kabat do profesionalnej Cistiarne, ktort jej odporucila
suseda.
(Licat NP — nHEAVY PP)

“‘Eve brought the coat to the professional dry cleaner that her
neighbor had recommended.

Sestricka odoslala r6zne vzorky, ktoré den predtym odobrala
pani Novakovej, na kontrolu.
(HEAVY NP — LI1GHT PP)

‘The nurse sent various samples, which she had taken from
Ms. Novakova the day before, to an examination.’

Hostia polozili pod stdl svoj velky kufor, ktory s namahou
vynasali po schodoch.
(LiceHT PP — HEAVY NP)

‘The guests put under the table their large suitcase, which they
struggled to carry up the stairs.

Marek vybral z mokrej tasky, ktort si celt oblial kavou, sveter.
(aEAVY PP — LigHT NP)

‘Mark took from the large bag, over which he had poured coffee,
the sweater.’

Ucitelka vpustila skolakov do skolskej jedalne, ktora prijemne
vonala od palaciniek.
(LicaT NP — HEAVY PP)

‘The teacher let the schoolkids into the school canteen, which
pleasantly smelled of pancakes.’

Snubenci pozvali tt mila tetu, ktora uz dlhé roky Zije v zahranidi,
na svadbu.
(HEAVY NP — LiGHT PP)

‘The bridal pair invited that nice aunt, who had lived many years
abroad, to the wedding/’

14 Translations, which were not part of the actual experiment, have been added. The
translations may partially deviate from canonical English word order to better match
the original and partly to serve as word-for-word glosses as well.
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(5) g Janka vlozila medzi ostatné svoju novt knihu, ktort jej daroval
stryko z Raktska.
(Licat PP — uEAVY NP)

‘Jana put between those others her new book, which her uncle
from Austria had given her.

h. Katka dostala od najlepsich kamaratok, ktoré pozvala na svoje
narodeniny, darcek.
(mEAVY PP — LiGHT NP)

‘Kate got from her best friends, whom she had invited to her
birthday party, a present.

Following Hoffmann (2013: 108), as many material sets as conditions (i.e.,
four) were created using the Latin squares method. Sixteen filler items were
then created to achieve a filler:stimuli ratio of 2:1, following Cowart’s sugges-
tion that “[iln general, there should be at least twice as many filler sentences as
there are [test items]” (Cowart 1997: 92). Half of the filler items (i.e., eight) were
grammatical and half were ungrammatical. The latter featured two types of
violations,' subject-verb agreement (e.g., 6a) and word order (6b):

(6) Examples of ungrammatical filler items

a. Rodicia sa ma spytalo, ¢i chcem ist s nimi na dovolenku alebo
zostat doma.

(My) parents asked me if I wanted to join them for a holiday trip
or rather stay home.

b. Adam ponahlal sa, lebo musel stihnut vlak do Viedne na
pracovny pohovor.

‘Adam was in a hurry because he had to catch a train to Vienna
for a job interview.

The 16 fillers were added to the eight test items, resulting in a set of 24
tokens. Four material sets, each consisting of 24 tokens, were created such that
each material set featured the four possible factor combinations with different
lexicalizations and in different places in the questionnaire. The tokens were

15 Subject-verb agreement violations featured subjects with plural markers and past-
tense verbs with singular neuter markers, e.g., in (6a) the subject is rodicia ‘parents’, i.e.,
plural and masculine animate, whereas the past-tense verb (sa) spytalo has a singular
neuter marker (-0) instead of the plural masculine animate marker (-i).

Word order violations featured clitics in third position when they should have
been in second, e.g., in (6b) the reflexive pronoun sa is in third position when it should
be in second position (i.e., following the subject Adam).
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randomized'® using blocking, “a controlled randomization procedure” where
“each experimental sentence [is assigned] to a block so that only one sentence
of each type appears in each block” (Cowart 1997: 94).

The questionnaires, which were printed on ten paper pages, also featured
two training sessions to familiarize subjects with the MET method. The ques-
tionnaires were filled out under “carefully constructed experimental settings”
(Hoffmann 2013: 99) to make sure that the data obtained was valid, objective,
and reliable. To this end, they were personally administered by one of the
authors at Comenius University in Bratislava and the University of Ss. Cyril
and Methodius in Trnava. All subjects were recruited with the help of col-
leagues, who also organized suitable rooms for carrying out the METs so a
comparable setting could be ensured for all subjects. In line with general eth-
ics guidelines, all questionnaires were fully anonymous, only asking subjects
to provide metadata such as their age, gender, country, and mother tongue(s),
but never their name. Before filling out the questionnaires, subjects were in-
formed about the time frame (about 45 minutes) and the three phases of the
experiment (a non-linguistic training phase, a linguistic training phase, and
the final experiment). They were also informed that there were no risks for
them and that they would remain completely anonymous, and they were in-
formed about their rights, including their right to withdrawal from participa-
tion without providing a reason at any time and their right to omit or refuse to
answer or respond to any question asked of them. Finally, they were provided
with one of the authors” email addresses in case of questions about the study.
All of this information was printed on an information sheet that subjects were
allowed to take home.

3. Results

A total of 39 L1 Slovak speakers (30 £, 7 m, 2 non-binary) were recruited to fill
out the MET questionnaires: 29 students from three different groups from
Comenius University in Bratislava (COM) and 10 from the University of
Ss. Cyril and Methodius (UCM) in Trnava. The 39 subjects were all university
students with an age range of 20-26.

Table 1 on the following page provides an overview of how many subjects
from each crour filled out which material sets (MS). It shows that at least nine
subjects filled out each material set.

16 The following restrictions were implemented when randomizing the items: The
first and last three items were fillers, the first item was a grammatical filler, and test
items were never adjacent to each other, i.e., always separated by a filler item.
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Table 1. Overview of subject groups and material sets

MS1 MS 2 MS 3 MS 4 Totals
COM1 3 3 3 2 11
COM 2 2 2 1 1 6
COM 3 2 3 3 4 12
UCM 3 3 2 2 10
Totals 10 1 9 9 39

All questionnaires were scanned and the ratings entered into a spread-
sheet,'” where z-scores'® were calculated for further analysis. The z-score
mean of one particular LExicarLizaTion (0.419) turned out to deviate consid-
erably from the other seven (range: -0.235 to 0.213), so it was excluded from
further analysis. This was deemed unproblematic, since every condition was
tested with two LExiCALIZATIONS per material set.

Mixed-effects modeling was employed to test for significant random
and fixed effects. To this end, the 1mer () function from the Ime4 package
(Bates et al. 2015, 2020) for R for Windows was employed. Specifically, the
step() function from the ImerTest package for R (Kuznetsova et al. 2015, 2020)
was used. This is a function that “automates the step-down approach” used
in stepwise regression (Kuznetsova et al. 2015: 8) using the 1mer () function
from Ime4. Table 2 on the following page provides an overview of the tested
fixed and random effects and their levels.

17 All results, as well as scans of the questionnaires, have been made available on an
OSF repository that is accessible via the following link: https://osf.io/kvrwh/.

18 1t is acknowledged that an anonymous reviewer has noted that “Z-score transfor-
mation relies on data being normally distributed, which they rarely are in judgment
data”. However, as noted by Cooksey, “transforming raw scores into z-scores does
not change the shape of a distribution or rank ordering of individuals within that
distribution” (Cooksey 2020: 126). In fact, all it does is make the data comparable so
that it can be fed into the mixed-effects models. Furthermore, as an inspection of the
distribution of our data revealed, the reviewer’s criticism is only partially applicable,
anyway: As the histogram in the Appendix shows, while the distribution cannot be
described as prototypically Gaussian, neither is it completely random (as noted by
Hoffmann, p.c. in August 2024).


https://osf.io/kvrwh/?view_only=7fe8be99d7f74a56ac24ec51943fee9b
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Table 2. Overview of fixed and random effects, with levels

Fixed effects Random effects
WEIGHT ORDER SUBJECT (001, 002, 003, ... 039)
(LIGHT_HEAVY, HEAVY_LIGHT) GENDER (MALE, FEMALE, NON-BINARY)
PHRASE ORDER (NP_PP, PP_NP) GROUP (COM1, COM2, COM3, UCM)

LEXICALIZATION (A, B, C, D, F, G, )

MATERIAL SET (MS1, MS2, MS3, M54)

The full model subjected to stepwise regression using lmerTest was thus
as follows:

Z_SCORE ~ WEIGHT_ORDER * PHRASE_ORDER + (1/Ms)
+ (llsusyecT) + (11GENDER) + (1lLEXICALIZATION) + (1IGROUP)

Stepwise regression showed that none of the random effects were signifi-
cant. This suggests that the experiment design and implementation were suc-
cessful in minimizing the influence of extra-linguistic factors and testing the
desired linguistic variables only. Table 3 shows the results and the order of
elimination of random effects from the model.

Table 3. Likelihood ratio tests for random effects
and their order of elimination

Elimination
X2 p-value
no.
GENDER 0.00 1 1.000% n.s.
SUBJECT 0.10 2 0.751 n.s.
MS 0.23 3 0.633 n.s.
GROUP 0.37 4 0.541 n.s.
LEXICALIZATION 0.63 5 0.427 n.s.

19 Lexicalization E was excluded from analysis because it deviated considerably from
the others (see above).

20 The model estimated a standard deviation of 0 for the random effect GENDER, which
resulted in Ime4 returning the message boundary (singular fit) and a p-value of
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Table 4. F-tests for the fixed effects, and their order of elimination

Elimination
F p-value
no.
WEIGHT ORDER:
PHRASE ORDER 0.142 1 0.706 n.s.
WEIGHT ORDER 35.70 kept <0.001 ***
PHRASE ORDER 5.90 kept 0.016 *

As Table 4 shows, both fixed effects turned out to be significant. WeiGHT or-
DER was very significant (p < 0.001***); PHRASE ORDER was significant (p < 0.05%).
The interaction WEIGHT ORDER:PHRASE ORDER was not significant (p = 0.70645
n.s.). Thus, the final model determined by stepwise regression using lmerTest
was as follows:

Z_SCORE ~ WEIGHT_ORDER + PHRASE_ORDER

In other words, both linguistic variables significantly influenced subjects’
ratings, with wWelGHT ORDER having a more profound impact than PHRASE OR-
pER. The implications are discussed in more detail in §4 below.

Figure 1 on the following page plots the z-score means of each of the four
test items for a visual inspection of the results. Table 5 on the following page
provides the z-score means as well as standard deviation (SD) and standard
error (SE) values. The grammatical filler z-score mean was 0.60 (SD 0.72; SE
0.04); for the ungrammatical fillers, this value was -0.62 (SD 0.95; SE 0.05).
These values are plotted as “baselines” against which test items can be judged.

As expected (cf. hypotheses (i) and (ii)), the best-rated condition was
LIGHT NP — HEAvY PP (z-score mean 0.428), i.e., those test items where a light
constituent preceded a heavy constituent and where an NP preceded a PP.
Conversely, HEavY PP — ricaT NP was rated worst (z-score mean —0.333). Tak-
ing a closer look at WEIGHT ORDER, the plot shows that LicuT before HEAVY was
always preferred by the subjects, regardless of pHrASE ORDER. Recall that this
was a very significant effect in the mixed-effects model (p < 0.001), indicating
that subjects were particularly sensitive to WEIGHT ORDER. Moreover, as Table 5

1.000. This is an indication that the slope “could not be estimated” by the model (Win-
ter 2020: 259)—that is, “the level of “between-group” variabilityis not sufficient to war-
rant incorporating random effects in the model” (Bates 2010: 10). In other words, GEx-
pER had a negligible influence on the outcome of the experiment and was therefore
removed from the model before proceeding with stepwise regression (as suggested by
Bates 2010: 10; cf. also Pasch et al. 2013 and Barr et al. 2013).
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Figure 1. Z-score means of WEIGHT ORDER: PHRASE ORDER
(error bars indicate standard errors)

Table 5. Z-score means of WEIGHT ORDER : PHRASE ORDER

WEIGHT ORDER  PHRASE ORDER  z-ScoOre SD SE
LIGHT_HEAVY NP_PP 0.428 0.770 0.093
HEAVY_LIGHT NP_PP -0.148 0.756 0.091
LIGHT_HEAVY PP_NP 0.173 0.748 0.090
HEAVY_LIGHT PP_NP -0.333 0.724 0.088

shows, only rLicHT before HEAVY had positive z-scores, whereas HEAVY before
LIGHT received negative z-scores. This confirms hypothesis (i) that weight ef-
fects affect constituent order in Slovak. Concerning PHRASE ORDER, the plot
shows that NP before PP was always preferred, confirming hypothesis (ii), i.e.,
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the existence of a “basic” ,, [NP PP] pattern that has been identified in English.
However, note that this effect was less significant (p < 0.05*) than WEIGHT ORr-
DER, indicating that subjects were less sensitive to it.

In summary, mixed-effects modeling and the plots have confirmed both
hypotheses outlined in §1, that is, LicHT before HEAVY constituents are always
preferred. The same applies to NP before PP. Also, the results show that weicaT
ORDER plays a considerably more important role than PHRASE ORDER in Slovak.

4. Discussion

The data presented here are the result of the first-ever investigation of weight
effects in Slovak using an experimental approach, and the first using the
MET method to investigate weight effects in any language. We have been
able to answer both research questions, demonstrating that weight effects do
affect Slovak constituent order and that there is evidence for the existence
of a “basic” | [NP PP] pattern. These findings are in line with claims made
in the literature upon which our hypotheses were based. Firstly, regarding
hypothesis (i), Goldberg’s Tenet #5 posits that “[c]ross-linguistic generaliza-
tions are explained by appeal to general cognitive constraints” (Goldberg
2003: 219). Weight effects are the result of processing efficiency (Hawkins
1994), which is a general cognitive constraint in this sense. Therefore, it is un-
surprising that they affect word order in Slovak in the same way as in English,
that is, producing a preference for placing light before heavy constituents.
This effect was shown to be very significant (p < 0.001***) in the data that we
collected from L1 Slovak speakers.

Secondly, regarding hypothesis (ii), Hawkins’s (2004) PGCH predicts that
grammaticalized patterns in analytic languages are the result of performance
preference and will mirror those that are preferred in synthetic languages.
Our results confirm this prediction, as evidenced by the preference for the
NP-PP phrase order:*! All other things being equal (i.e., weight order), subjects
always preferred NPs preceding PPs. This effect was significant (p < 0.05%),
indicating that phrase order plays a less important role than weight order. An

2L We are grateful to an anonymous reviewer who pointed out the experiment in
Simik and Wierzba (2017), which “involved the same type of comparison; the authors
found a numerical, but not statistically significant, preference for the NP-PP order in
Slovak, Czech, and Polish”. As the anonymous reviewer observed, it should be noted
“that Simik [and] Wierzba’s experiment had more power (many more lexicalizations
and also more participants)” and that, “[g]iven that the phrase order effect is not as
large (as compared to the weight order effect), it’s good to be slightly more cautious
about the result” of the present study. Furthermore, “it cannot be ruled out that the
NP-PP preference reduces to [sic] the weight effect. After all, PPs have at least two
words (and nodes, in most syntactic frameworks), while NPs can easily have just one”.
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interaction of weight order and phrase order could not be detected, suggest-
ing that they are independent of each other.

5. Conclusion

The results presented here are part of a pilot study. As such, they are to be
considered a first, rather rudimentary, and therefore anything but conclusive
attempt at determining whether weight effects play a role at all in Slovak word
order. However, our first results do indicate that this is the case. Moreover, we
have found evidence for the existence of a “basic” NP-PP phrase order in the
Slovak VP. Both of these findings address a significant gap in research on the
effects on word order beyond information structure. This applies to Slovak
in particular and the Slavic languages in general, where the principle of end-
weight and processing efficiency have received little to no attention so far; cf,,
e.g., Kizach’s remarks on Russian (Kizach 2012: 251). Given our findings, how-
ever, we believe that weight effects and basic phrasal patterns cannot be ig-
nored in research on word order in Slavic languages. The fact that both weight
order and phrase order turned out to be statistically significant effects in our
study has serious implications for approaches that disregard weight effects or
consider them secondary to information structure. Certainly, future editions
of Slovak grammars, which have so far all but ignored weight effects, should
at the very least briefly mention the principle of end-weight. They should also
discuss the idea of basic or grammaticalized phrasal patterns that arise as
a result of performance preference (cf. Hawkins’s 2004 PGCH), addressing a
serious gap in research that Fried (2017: 241) has described as follows: “syn-
tactic patterning [...] has been generally left just about untouched in Slavic
linguistics”.

As a pilot study, our data is anything but comprehensive. For example,
we tested only four out of eight possible conditions (and not, e.g., LicaT NP —
LIGHT PP or HEAVY PP — 11GHT PP). From a methodological point of view, we
acknowledge that the experiment design leaves room for improvement. For
example, authentic sentences from, e.g., corpora can be used to create test
items (see fn 7). We also did not take into consideration so-called “wrap-up”
effects®® that may affect acceptability ratings of sentences. Furthermore, the
phrases we used as test items varied in length (measured as number of words),
if only slightly; verbs with different valency were used, and some of the rela-
tive clauses also differed with respect to perspective or subject maintenance

22 That is, participants” decisions about sentence acceptability/grammaticality may
be different for words toward the end of sentences compared to the preceding words
because their decisions become more fixed at later points. For this reason, it has been
suggested that test items be constructed in such a way that they are followed by a co-
ordinated main clause to reduce such wrap-up effects (e.g., Balling and Kizach 2017).
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and restrictiveness. All of these factors might have skewed the participants’
acceptability ratings, such that in future, more extensive investigations will be
necessary to examine the relevance of these factors for acceptability ratings.
Due to time constraints, however, none of these issues could be addressed in
this pilot study.

Nevertheless our—admittedly very preliminary—results do demonstrate
that there is a need for more investigations on factors influencing word order
in Slovak (and Slavic languages, for that matter) beyond information struc-
ture. Such studies should be based on more data and more types of data, and
they should take into account more linguistic variables. For example, corpus
data can be a valuable addition to the experimental data presented. Syntactic
patterns consisting of a verb followed by an NP and a PP in either order can
be extracted from corpora that have been annotated using Universal Depen-
dencies, and frequencies of each order can be determined. Following Kizach’s
(2012: 270) findings that there was a “correlation between the most efficient
orders and the most frequent orders” in his corpus study using data from the
Russian National Corpus, it is plausible that Slovak corpus data will show
similar effects. That is, a higher frequency of corpus tokens with light before
heavy constituents, as well as a higher frequency of the , ,[NP PP] pattern over
¢ PP NP]. Corpus data can also help shed more light on the effects of weight
difference between NP and PP on the likelihood of HNPS occurring (see dis-
cussion in §1), and ceiling effects in this regard (cf. Medeiros et al. 2021).

Moreover, previous research on English has shown that the argument
structure properties of particular verbs may play a role. Stallings et al. (1998)
claim in the context of their “verb disposition hypothesis” that verbs that can
take sentential complements in addition to NPs, such as find and reveal, are
more likely to be involved in HNPS than those that can only take NPs, such
as transfer and delay (Stallings et al. 1998: 397). Such effects can also be investi-
gated using corpus data, by looking at the likelihood of HNPS occurring with
particular verbs. Also, as Kizach (2012: 270) has noted, “an interesting topic
for future research would be to investigate how givenness (theme-rheme) and
weight interact”. For example, future investigations could incorporate the
variable INFORMATION STRUCTURE, with the levels ToricaL and rocusep, depend-
ing on the left context of a corpus token or the contents of a short text that
subjects must read before filling out an MET questionnaire. This way, it can
be determined which factor is more important when it comes to word order,
weight effects or information structure.

Finally, extending research on word order in general and HNPS in par-
ticular to other languages appears warranted in light of our findings, as our
results have confirmed the cross-linguistic predictions made by Goldberg’s
Tenet # 5 (Goldberg 2003: 219) and Hawkins’s (2004) PGCH.
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Figure 2. Distribution of z-scores in the MET data set
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