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Abstract Maldonado & Chemla & Spector (2017) observe that the distributive interpre-
tation of sentences involving multiple plural expressions gives rise to stronger priming
effects than their cumulative interpretation, and propose to interpret this observation
in terms of structural priming involving the phonologically silent distributivity operator.
We report on a new experiment that included an additional baseline condition, whose
results reveal that (i) the observed priming effects are inverse preference effects in that
only the less dominant reading in the baseline condition gives rise to sizable priming ef-
fects, and (ii) both distributive and cumulative interpretations can have priming effects,
depending on speakers’ baseline preferences. We argue that these findings undermine
Maldonado et al's claim that their results offer empirical evidence in support of the
existence of a silent distributivity operator in syntax.
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1 Introduction

Sentences that involve multiple numerical expressions like (1) can receive (at least) two
readings, a cumulative reading and a distributive one, as exemplified below.

(1)  Two boys have three balloons.

a. Cumulative reading: There are two boys who, between them, have three
balloons. Each boy has at least one balloon, and each balloon is owned by at
least one boy.

b. Distributive reading: Two boys have three balloons each.

The derivation of a (phrasal) distributive reading like (1b) is standardly assumed to in-
volve a silent distributivity operator. For cumulative readings, on the other hand, a number
of different compositional semantic theories have been put forward (e.g., Beck & Sauer-
land 2000; Landman 2000; Schmitt 2019).

Maldonado & Chemla & Spector (2017) conducted a series of priming experiments to
investigate the distributive/cumulative contrast. They compared ‘distributive primes’,
which are priming trials forcing the distributive reading, ‘cumulative primes’, which are
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priming trials forcing the cumulative reading, and ‘neutral primes’, which do not force
either reading. Their results show that (i) sentences that are ambiguous between a dis-
tributive and a cumulative reading were more likely to be interpreted on the distributive
reading after distributive primes than after neutral primes (68.33% vs. 61.15%) and (ii)
there was no reliable difference in the rate at which the distributive reading was observed
after cumulative primes and neutral primes (58.17% vs. 61.15%). Based on these results,
the authors make two claims: first, the observed priming effects cannot be character-
ized as inverse preference effects since the distributive reading was relatively preferred
after the neutral primes but still gave rise to priming effects; second, the observed prim-
ing effects are to be explained in terms of structural priming of the silent distributivity
operator, and as such constitute evidence for its existence.

Maldonado & Chemla & Spector’s (2017) experimental design, however, has one poten-
tial issue. While the neutral primes were meant to reveal the baseline rate of distributive
readings, these primes were interspersed among distributive and cumulative primes and,
as previously pointed out for implicature priming (Marty et al. 2022; Waldon & Degen
2020), the presentation of non-neutral primes may trigger strong and long-lasting prim-
ing effects which, in turn, may affect the responses in the purportedly neutral priming
conditions. If such ‘spillover priming effects’ were present, then Maldonado & Chemla &
Spector’s reasoning about the direction of priming could have been misguided.

In the present study, we report on an experiment that is just like Maldonado & Chemla
& Spector (2017)’s except that it features additional, more neutral baseline conditions.
Specifically, following Marty et al. (2022), we adopted a block design where baseline
trials involving no priming at all were conducted in the first block of the experiment and
where priming trials were only introduced in the second block. These novel baseline
conditions enabled us to obtain data on participants’ initial interpretative preferences,
i.e., prior to priming. The results indicate that the observed priming effects are actually
inverse preference effects, contrary to Maldonado & Chemla & Spector’s first claim. Fur-
thermore, we observe that different speakers had different baseline preferences and that,
depending on the baseline preferences, both distributive and cumulative readings gave
rise to priming effects. We argue that this finding undermines Maldonado & Chemla &
Spector’s second claim. Finally, comparing our novel baselines and what Maldonado &
Chemla & Spector took to be neutral primes, we found evidence for spillover effects.

2 Experiment

Our experiment was built upon Maldonado & Chemla & Spector’s (2017) materials. It
was designed so as to reproduce all the priming conditions from Maldonado & Chemla &
Spector’s original study while adding novel baseline conditions immune from potential
spillover priming effects. To achieve this goal, we adopted a two-block design a la Marty
et al. (2022): Block 1 contained no priming trials at all while Block 2 was completely
identical to Maldonado & Chemla & Spector’s (2017) Experiment 1.

21 Participants

75 self-reported native speakers of English (36 females, 38 males, 1 other; average
age 40.3 years old) participated in this experiment. Participants were recruited online
through Prolific.ac (https://www.prolific.co; see Palan & Schitter (2018) for an overview)
using the following pre-screening criteria: English as a first language, UK/US IP ad-
dresses, minimum 90% prior approval rating. The survey took around 14 minutes to
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Figure 1: Example prime and target trials for the CONTROL, CUMULATIVE and DISTRIBUTIVE
conditions tested in Block 2. Participants chose the picture that best fits the sentence.
For the prime trials, the expected choice corresponds here to the right picture. For the
target trial, if participants interpret the sentence on its distributive reading, they
should select here the right picture; otherwise, they should select the left one.
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complete and participants were paid £2.4 for their time. All participants gave written
informed consent to the processing of their information for the purposes of this study,
which was approved by the Research Ethics Committee at UCL. Three participants were
excluded prior to data treatment: two for taking the survey on mobile phones rather than
computers and one for suspiciously short mean response times (lower than 1s per trial).

2.2 Materials and design

The stimuli were the same as those used in Exp.1 of Maldonado & Chemla & Spector
(2017). Each trial consisted of one sentence and two pictures, as exemplified in Figure 1.
All sentences were generated based on one of the two frames in (2), where [shape 1] and
[shape 2] are placeholders for different shape words from the following list: heart(s),
square(s), triangle(s), and circle(s). As reported in Maldonado & Chemla & Spector
(2017), the sentence list was generated in Python by randomly inserting shape words
and varying the bare numeral quantifier associated with [shape 2] (i.e., two or three).

(2) a. Two [shape 1] are connected to {two/three} [shape 2]. Ambiguous
b. A [shape 1] is connected to {two/three} [shape 2]. Unambiguous
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Block 2 included all the primed target trials and filler trials from Maldonado & Chemla
& Spector (2017)’s original experiment. Target trials consisted of an ambiguous sentence
obtained from the frame in (2a) and two ‘true’ pictures, each of which corresponded to
one of the readings available for the corresponding sentence (i.e., cumulative or distribu-
tive). Each target trial in Block 2 was immediately preceded by two instances of the
same prime type: CUMULATIVE, DISTRIBUTIVE or CONTROL. The CUMULATIVE and Dis-
TRIBUTIVE primes all involved an ambiguous sentence obtained from the frame in (2a),
as in the target trials. In these primes, one picture was consistent with (exactly) one of
the two readings of interest — the cumulative reading in the CUMULATIVE primes and the
distributive reading in the DISTRIBUTIVE primes — while the other picture made the sen-
tence false on both readings. The CONTROL primes, previously labelled ‘baseline’ primes
in Maldonado & Chemla & Spector (2017), involved an unambiguous sentence obtained
from the frame in (2b). In these primes, one picture made the relevant (unambiguous)
sentence clearly false while the other made it clearly false. The filler trials were similar
to the prime trials, except that the false picture in these trials used a slightly different
visual display. Each of the three priming conditions (i.e., CONTROL, CUMULATIVE, and
DISTRIBUTIVE) was instantiated 12 times, giving rise to 48 ‘Prime-Prime-Target’ triplets,
and there were 48 fillers, leading to a total of 48 x 3 4+ 48 = 192 trials in Block 2.

Recall that our motivation for adopting a two-block design a la Marty et al. (2022) was
to establish participants’ interpretive preferences prior to the priming phase. For these
reasons, Block 1 involves no priming whatsoever: all the trials were either unprimed
target trials, corresponding to our BASELINE conditions, or control trials, used as attention
checks. These trials were obtained by randomly selecting a third of the target trials and a
sixth of the CONTROL primes from Maldonado & Chemla & Spector (2017)’s list of items
which we used in Block 2. Thus, Block 1 included 16 unprimed target trials and 16 control
trials. We reasoned that, regardless of whether participants initially have a preference
for distributive or cumulative readings, the BASELINE conditions from Block 1 should
provide us with more pristine baseline rates, against which the experimental conditions
from Block 2 can be compared to assess the direction of the priming effects.

2.3 Procedure

The study was run as an online survey using the Gorilla Experiment Builder (https:
//www.gorilla.sc; see Anwyl-Irvine et al. (2019) for an overview). In the instructions,
participants were told that they would be presented with English sentences, each of which
would be accompanied by two pictures. They were told that each sentence is meant to
describe one and only one of the two pictures and that their task was to decide which
picture they think the sentence is describing. They were instructed to provide their re-
sponses by clicking on the picture they consider a better match for the sentence.

The instructions were followed by a short practise phase to help the participants get
familiar with the visual display and response procedure. During this phase, participants
were presented with two practice trials, each of which consisted of an unambiguous
sentence and two pictures. They received feedback on their responses and, in case they
did not select the right picture, they were asked to redo the trial. Participants could not
enter the test phase until they gave correct responses on both practice trials.

The test phase started with the trials from Block 1 (BASELINE conditions) and then con-
tinued with the trials from Block 2 (CONTROL, CUMULATIVE and DISTRIBUTIVE priming
conditions), with a short self-timed break in-between. Individual and triplet trials were
presented in random order in each block. On each trial, a fixation cross appeared and


https://www.gorilla.sc
https://www.gorilla.sc

Plural priming revisited 5

remained on the screen for 500 ms before the items were displayed. For each item,
participants provided their response by clicking with the mouse on the picture of their
choosing. Items remained on the screen until participants gave their response.

2.4 Data treatment

Responses from one participant were removed from analyses because their performance
to the control trials from Block 1 did not reach the pre-established threshold of 80%
accuracy. Following much of the recent literature on semantic priming (a.o., Raffray &
Pickering 2010; Bott & Chemla 2016; Maldonado & Chemla & Spector 2017; Marty et al.
2022), we further removed all responses to primed target trials that were not preceded
by the two correct prime responses. About 2% of the responses to primed target trials
were removed through this procedure.

2.5 Data analyses

First, we carried out a global analysis of participants’ responses in the target trials to test
(a) for pairwise contrasts among the CUMULATIVE, DISTRIBUTIVE and CONTROL condi-
tions from Block 2 and (b) for unimodality of the distribution of the by-participant mean
rates in the BASELINE conditions from Block 1. Participants’ baseline rates were found
to be distributed bimodally indicating that some participants consistently interpreted the
target sentences on their distributive reading while others consistently interpreted these
sentences on their cumulative reading. Thus, we carried out a second analysis taking into
account participant’s baseline preferences: participants were classified as Distributive or
Cumulative responders based on their baseline rates, and responses to the target trials
were sorted out according to these two responder profiles. Responses from both groups
of responders were then analyzed using the data analysis pipelines from the first analysis.

Data analyses were conducted using the 1me4 (Bates et al. 2015), car (Fox & Weis-
berg 2019) and diptest (Maechler 2021) libraries for the R statistics program (R Core
Team 2021). Participants’ response were analysed through model comparison of bino-
mial linear mixed-effects models (Jaeger 2008). The models included random intercepts
for Subjects, random slopes for Condition grouped by Subjects and random intercepts for
Items (in some cases, only random intercepts for Subjects and Items), as the maximal ran-
dom effect structure supported by the data. p-values were adjusted using the Bonferroni
correction method for multiple testing.

2.6 Results
2.6a Global analysis

Figure 2 shows the mean proportion of distributive choices on target trials by experimen-
tal condition. Overall, the rates of distributive responses in the priming conditions were
similar to those reported in Maldonado & Chemla & Spector (2017), suggesting that par-
ticipants’ performance in the priming trials from Block 2 was largely unaffected by the
baseline trials from Block 1. As in Maldonado et al., participants gave significantly more
distributive responses in the DISTRIBUTIVE than in the CUMULATIVE condition (62% vs.
54.8%; x2(1) = 8.32, adjusted-p = .012) and no significant difference was found between
the CUMULATIVE and CONTROL conditions (54.8% vs. 59.1%; y2(1) = 4.11, adjusted-
p = .128). While the difference between the DISTRIBUTIVE and CONTROL conditions did
not reach significance (y2(1) = 2.53, adjusted-p = .336), unlike in Maldonado et al., a
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trend in the same direction was present, and we consider this small discrepancy between
the two studies to be non-essential.

Figure 2: Proportion of distributive choices on target trials by experimental condition.
For each condition, the distribution of by-participant mean proportions is visualised
by a histogram, the grand mean by a thick bar with its value on top and the 95% ClI
around it, and the median by a cross. The significance levels are based on the
adjusted p-values for all comparisons tested.
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Zooming in on the BASELINE conditions, we found that participants’ baseline rates were
not distributed unimodally (D = 0.088, p < .001) and that two modes were present in the
data: the mode with the highest estimated density value peaked at 98.4% and the second
at 4.1%. The estimated location and density values of these modes show that (i) a vast
majority of the participants had a strong preference for one of the two readings and
(ii) some of them consistently favored the distributive reading while others consistently
favored the cumulative reading. In the following, we present a more-fine grained analysis
of the data informed by participants’ baseline preferences.

2.6.2 Analysis informed by participants’ baseline preferences

In order to see how participants with opposite baseline preferences were affected by the
priming conditions, responses to the target trials were sorted according to two responder
types: participants were classified as CUMULATIVE responders if their baseline rate was
below 50% and as DISTRIBUTIVE responders if their baseline rate was above 50%. There
were 22 CUMULATIVE responders and 45 DISTRIBUTIVE responders, representing 30%
and 63% of the subjects in our sample, respectively.! Figure 2 shows the mean proportion
of distributive choices on target trials by responder type and experimental condition.
Pairwise comparisons were conducted between all conditions for each responder type.
For the CUMULATIVE responders, the results showed a classical priming effect driven by
the DISTRIBUTIVE primes. CUMULATIVE responders gave significantly more distributive
responses in the DISTRIBUTIVE conditions (23.8%, 95%CI=[19.6, 28.6]) than in the Cu-

! 4 participants showed no preference for either reading in the BASELINE conditions. Their results were not
included in the following analysis.
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Figure 3: Proportion of distributive choices on target trials by experimental condition.
This graph reads in an analogous way to the previous one (see Fig.2 for details).
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MULATIVE conditions (13.4%, 95%CI=[10.2, 17.4]; y*(1) = 6.45, adjusted-p = ...)]. For
the DISTRIBUTIVE responders, results showed spillover priming effects from the Cumu-
LATIVE primes onto the other priming conditions. DISTRIBUTIVE responders gave signif-
icantly fewer distributive responses in the CUMULATIVE (75.5%, 95%CI=[72.1, 78.5]),
CONTROL (80.7%, 95%CI = [77.6, 83.4]) and DISTRIBUTIVE (80.9%, 95%CI = [77.8, 83.6])
conditions than in the BASELINE conditions (93.1%, 95%CI=[91.0, 94.7; all ys> ...,
adjusted-ps< ...).

3 Discussion

Our results replicate the findings from Maldonado & Chemla & Spector (2017) in show-
ing that, overall, participants generally provided more distributive responses in the Dis-
TRIBUTIVE than in the CUMULATIVE conditions. But our novel BASELINE conditions also
show that there is more to these results than meet the eye. Specifically, we found that
both CUMULATIVE and DISTRIBUTIVE primes gave rise to priming effects and that these
effects were inverse preference effects, the direction of which depends on speakers’ base-
line preferences: for participants with an initial preference for the cumulative reading,
CUMULATIVE primes had no detectable priming effects whereas DISTRIBUTIVE primes
boosted the rate of distributive responses above baseline. Conversely, for participants
with an initial preference for the distributive reading, DISTRIBUTIVE primes had no de-
tectable priming effects whereas CUMULATIVE primes decreased the rate of distributive
responses across priming conditions. The presence of spillover effects in our data align
well with recent work on semantic priming showing that prime trials may have long-
lasting effects on participants’ decisions (Waldon & Degen 2020; Marty et al. 2022). The
detection of such effects in our study also confirms our suspicion that the results from
Maldonado et al.’s baseline conditions (our CONTROL conditions) were certainly affected
by the presentation of other prime types in the same block of trials.

We argue that the present findings undermine Maldonado & Chemla & Spector (2017)’s
claim that their results provide evidence for the silent distributivity operator. First of
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all, since the results exhibit an inverse preference pattern, we have to conclude that both
distributive and cumulative primes have priming effects. If this observation were to be
interpreted in terms of structural priming, we would conclude that both readings are to
be accounted for by a silent operator, or at least by some distinguished structural property
such as silent movement. This is certainly a possibility, but the inverse preference pattern
is amenable to an alternative explanation that makes no recourse to structural priming
at all. For instance, it can be accounted for in terms of online adaptation of probabilistic
expectations about the distributions of the two readings, as proposed for other kinds of
syntactic or semantic priming effects (Fine et al. 2010; Marty et al. 2022). Given this
alternative explanation, we conclude that, although compatible with the existence of a
silent distributivity operator, the results do not provide support for such an operator.

In addition, our study also sheds light on the results of another study, Maldonado &
Chemla & Spector (2019), in which the authors used the priming paradigm to investigate
the distributive vs. collective interpretations of adjectives in sentences like The bags are
heavy. The results indicate priming effects from both distributive and collective interpre-
tations, which is, as the authors discuss, unexpected from the view they expounded in
Maldonado & Chemla & Spector (2017). However, in this study too, the authors argue
that the observed priming effects are unlikely to be inverse preference effects, because
the ‘baseline’ conditions in Experiment 2 indicate an overall preference for the collective
interpretation, from which one would expect a larger effect of distributive priming. How-
ever, we would like to point out that, as in Maldonado & Chemla & Spector (2017), the
baseline conditions used in Maldonado & Chemla & Spector (2019) were interspersed
with other priming trials, which could have had spillover priming effects on the base-
line trials. Thus, the preference for the collective interpretation could be a byproduct
of a relatively stronger priming effect of the collective primes. In addition, they do not
report individual variation that might be present in their results, making it difficult to
see if there were inverse preference effects in different directions that partially cancelled
each other out in the aggregated results. Given these considerations, it is possible that
the results they report can be characterised in terms of inverse preference effects, and
that any discrepancy between Maldonado & Chemla & Spector (2017) and Maldonado &
Chemla & Spector (2019) is attributable to different baseline preferences for the different
linguistic stimuli used in these studies. To ascertain whether this is the case, one would
have to rerun Maldonado & Chemla & Spector’s (2019) experiments with more neutral
baseline trials to probe subject’s interpretive preferences prior to the priming phase.

In sum, our study replicates the results reported in Maldonado & Chemla & Spector
(2017). In addition, our novel baseline conditions uncovered inter-participant variation
in the default interpretation, which in turn revealed the inverse preference pattern in
the priming results. This means that both distributive and cumulative interpretations
can be primed, when they are the dispreferred reading. We pointed out that, as inverse
preference effects, the observed priming effects can be explained without referring to
structural priming, and therefore do not provide support for the presence of silent op-
erators at LF. The study also provides further suggestions on the priming study of the
distributive/collective contrast in Maldonado & Chemla & Spector (2019).

Data availability statement

Stimuli, data, and analysis code are available open access at https://github.com/Yizhen-
Jiang/plural_priming_revisited.
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