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A B S T R A C T

We adapted Bemis & Pylkkänen’s (2011) paradigm to study elementary composition in Spanish using electro-
encephalography, to determine if EEG is sensitive enough to detect a composition-related activity and analyze
whether the expectancy of participants to compose contributes to this signal. We found relevant activity at the
expected channels and times, and a putative composition-related activity before the second word onset. Using
threshold-free cluster permutation analysis and linear models we show a task-progression effect for the com-
position task that is not present for the list task. In a second experiment we evaluate two-word composition
incorporating all conditions in a single task. In this case, we failed to find any significant composition-related
activity suggesting that the activity measured with EEG may be in part carried by expectancy processes arising
from the block design of the experiment, which can be prevented by using a non-blocked design and data-driven
techniques to analyze the data.

1. Introduction

The ability to combine words in order to represent and convey new
meanings is a fundamental operation in the comprehension and pro-
duction of language (Martin & Baggio, 2020). One of the challenges in
language research is to account for the functional neuroanatomical
basis that underlie these processes (Friederici, 2017; Hagoort, Baggio, &
Wlllems, 2009). More specifically, the challenge is to understand how
the meaning of individual words is combined into complex meaning
representations. Linguists recognize that different levels of knowledge
are involved in the production or understanding of an utterance. In
particular, syntax, semantics and world knowledge interact strongly
when building the meaning of an expression (Hagoort, 2019). Research
on the brain basis of language has attempted to disentangle these
processes by designing tasks in which only one of these levels is varied
(Friederici, Meyer, & Cramon, 2000; Humphries, Love, Swinney, &
Hickok, 2005; Kutas & Hillyard, 1980; Mazoyer et al., 1993; Snijders
et al., 2009). Nevertheless, on many occasions these approaches involve
elaborate stimuli which elicit neural responses related to general per-
formance. Additionally, it is questionable whether they manage to
successfully isolate a specific linguistic processes. Furthermore, these
paradigms do not usually shed light on the computations that occur at

every step as words are combined to form a unified concept. According
to Pylkkänen and collaborators, in order to determine the computa-
tional contributions of each type of processing, it is crucial to empiri-
cally characterize composition at its most basic level as a starting point
from where to refine the study of syntactic and semantic computations
(Poeppel, Emmorey, Hickok, & Pylkkänen, 2012; Pylkkänen, Brennan,
& Bemis, 2011).

1.1. Elementary composition

Inspired by the classical sentences versus list of words tasks,
Pylkkänen’s research group (Bemis & Pylkkänen, 2011, 2013c, 2013a,
2013b; Pylkkänen, Bemis, & Blanco, 2014; Westerlund & Pylkkänen,
2014) designed a paradigm based on two-word modifier-noun phrases.
The initial study of this series (Bemis & Pylkkänen, 2011) introduced a
simple paradigm to evaluate composition at its minimum by restricting
stimuli to pairs of adjectives and nouns, and comparing subject’s brain
response to a non-word - noun control condition. Furthermore, a list
task was implemented in which noun-noun conditions and non-word -
noun conditions were presented to subjects. The rationale behind the
experimental design and data analysis was to find brain regions for
which there was a difference in activity between the two-word
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condition and the one-word condition in the composition task, and no
(or a smaller) difference between conditions in the list task. By com-
bining task and number of words in their design, they argue that any
difference between conditions in the composition task that is not pre-
sent in the list task cannot be due to an effect of word number. Applying
an hypothesis-driven cluster permutation analysis on MEG recordings,
they report that the left anterior temporal lobe (LATL) and the ven-
tromedial prefrontal cortex (vmPFC) show an increased response only
for nouns preceded by adjectives. Interestingly, these responses develop
early: activity in LATL occurs 184–255 ms after noun-onset, and the
vmPFC response was reported 331–480 ms post-stimulus. The authors
interpret LATL and vmPFC activities as a reflection of the combinatorial
processes elicited by the binding of adjective-noun stimuli. This para-
digm has been adapted to study semantic and syntactic operations in
MEG and fMRI studies (see Westerlund & Pylkkänen, 2014; Zaccarella &
Friederici, 2015; Zaccarella, Meyer, Makuuchi, & Friederici, 2017;
Ziegler & Pylkkänen, 2016; Zhang & Pylkkänen, 2015), and although
other regions have shown activation for nouns in elementary combi-
natorial contexts (Bemis & Pylkkänen, 2011, 2013a; Pylkkänen et al.,
2014), the most consistent brain area eliciting activation across studies
is the LATL. This region’s involvement in composition is supported by a
series of fMRI studies on conceptual combination (Baron & Osherson,
2011;Baron, Thompson-Schill, Weber, & Osherson, 2010; Coutanche &
Thompson-Schill, 2015). It has been postulated that the LATL is in-
volved not in syntactic or semantic computations per se, but in the
addition of conceptual features in order to construct complex con-
ceptual representations (Patterson, Nestor, & Rogers, 2007; Poortman &
Pylkkänen, 2016; Ralph, Jefferies, Patterson, & Rogers, 2016). In this
line, the early LATL response obtained under the two-word paradigm in
MEG experiments has shown to be sensitive to the characteristics of the
concepts combined such that the specificity of both head and modifier
modulate this signal (Pylkkänen, 2019, 2020; Westerlund, Kastner, Al
Kaabi, & Pylkkänen, 2015; Zhang & Pylkkänen, 2015). In addition, this
activity is elicited by the composition of complex numbers but not for
two-word numerical phrases, (Blanco-Elorrieta & Pylkkänen, 2016;
Prato & Pylkkänen, 2014), and by the addition of semantic features to
an individual representation and not to multiple entities (Poortman &
Pylkkänen, 2016). Therefore this basic composition-related activity
seems to reflect LATL’s involvement in conceptual composition.

1.2. Elementary composition measured by EEG

When neural activity occurs in a synchronous manner across a great
number of neurons, the coherent field potentials and local magnetic
fields produced become big enough to be picked up by EEG and MEG,
respectively. Even though there is great overlap between the informa-
tion provided by these techniques they have some important differ-
ences. Firstly, because electrical conductivity varies across the layers of
tissue that separate the cortical sources and the scalp, electrical signals
are reduced and distorted. This has lower impact on MEG signal as
magnetic permeability is more consistent (Okada, Lähteenmäki, & Xu,
1999). Furthermore, whereas EEG can detect both tangential and radial
dipoles, MEG is more sensitive to source orientation. MEG is not able to
capture neuronal currents oriented radially as they do not generate a
magnetic field outside the head (Malmivuo & Plonsey, 1995;
Williamson & Kaufman, 1981), however sources meeting this criteria
have been shown to correspond with relatively small regions of the
cortex located at the crests of gyri (Hillebrand & Barnes, 2002). EEG
source reconstruction requires numerous electrodes, knowing their
positions with precision, having head shapes measurements and accu-
rate estimates of tissue conductivities (Michel et al., 2004). As magnetic
fields are not distorted by the different brain structures, it is typically
considered that MEG is better suited to resolve source localization.
Importantly, both techniques have millisecond resolution and therefore
are useful when the temporal course of a neural process is of interest
(Luck, 2005; Okada et al., 1999).

In spite of MEG and EEG similarities, few studies have attempted to
obtain an EEG marker of elementary composition following the two-
word, composition-list paradigm established in the MEG literature. To
our knowledge, an adaptation to study syntactic composition was im-
plemented in Segaert, Mazaheri, and Hagoort (2018) by measuring
oscillatory changes in brain activity elicited by the syntactic binding of
pairs of pseudowords, and only one study carried out a replication of
Bemis & Pylkkänen initial study. Neufeld et al. (2016) performed a
classical event related potential (ERP) analysis on EEG data obtained
under this task. These authors selected a time window where the effect
is expected according to the original study, and averaged the results
over anterior and posterior electrodes. Their electrode grouping was
motivated by trying to relate the combinatorial activity with classical
N400 context effects. Although they found a broadly distributed ne-
gative composition-related activity in EEG recordings, they did not find
a significant interaction between task (composition, list) and number of
words (two-word, one-word), rendering their results inconclusive. In-
terestingly, their preprocessing approach enabled the authors to test for
differences in the time window preceding the critical noun. A classical
analysis on a visually selected time interval showed a difference be-
tween the composition task conditions before composition could have
been achieved. They interpret this precombinatorial activity as re-
flecting the building of a syntactic structure to allocate the incoming
noun.

The presence of a process taking place before the onset of the second
word only in combinatorial contexts, points to an alternative inter-
pretation of the experimental results. Given that the experiments in
Neufeld et al. (2016) and Bemis and Pylkkänen (2011) were both based
on a block design, it is possible that the structural properties of the
stimuli in the different blocks influence to some extent their result. In a
two-word trial during the composition task, the first word indicates
with certainty to subjects that they would have to combine both items.
Therefore, the processing of the first word was contingent on second
word processing, and this was not the case during the two-word con-
dition in the list task. Accordingly, it is possible that the activity
identified as composition-related is conflated with anticipatory pro-
cesses (c.f. Molinaro, Carreiras, & Duñabeitia (2012)).

1.3. Expectancy and task progression effects

A well-studied electrophysiological signature of expectancy-based
processes is the Contingent Negative Variation (CNV), a slow negative
event-related potential (ERP) associated to expectancy and prediction,
which develops in a gradual manner during the realization of a task
(Walter, Cooper, Aldrige, McCallum, & Winter, 1964). This complex
expectancy wave is modulated by task demands (Jacobson & Gans,
1981; Rebert, McAdam, & Knott, 1967; Tecce, Savignano-Bowman, &
Meinbresse, 1976), sensory processing (Gaillard, 1976; Loveless, 1975)
and motor preparation (Brunia & Vingerhoets, 1981; Irwin, Knott,
McAdam, & Rebert, 1966; Rohrbaugh & Gaillard, 1983). CNV is re-
ported in the literature as a negative potential that increases as the
contingency between two stimuli is learned (Cohen, 1969; Hillyard,
1969; Poon, Thompson, Williams, & Marsh, 1974; Proulx & Picton,
1980; Walter et al., 1964), with a post-learning behavior that is task-
dependent (Donald, 1980). Besides CNV, task progression effects have
also been reported for classical ERPs such as the P300 elicited during
oddball paradigms, which shows a behavior consistent with habituation
effects (Barry et al., 2019; Polich, 1989; Ravden & Polich, 1998).
Likewise, N400 amplitude decreases during word repetition tasks
(Bentin & McCarthy, 1994; Ströberg, Andersen, & Wiens, 2017).

This phenomenon challenges the ordinary analysis followed for
ERPs, as averaging across trials neglects the possibility that the cogni-
tive process of interest may vary as task unfolds. Furthermore, the
prevalent averaging procedure reduces data to one data point per
subject per condition, restraining the analysis to rigid ANOVAs. In
contrast, modelling between-trial variation and using mixed regression
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or non-parametric analyses allows the possibility to evaluate task pro-
gression effects (Brush, Ehmann, Hajcak, Selby, & Alderman, 2018;
Vossen, Van Breukelen, Hermens, Van Os, & Lousberg, 2011; Volpert-
Esmond, Merkle, Levsen, Ito, & Bartholow, 2018).

1.4. The present study

The purpose of the present study is to investigate whether EEG is
sensitive to detect a composition-related activity elicited by a Spanish
adaptation of Bemis & Pylkkänen’s paradigm, and to separate genuine
composition from other non-specific expectancy-related responses. To
this end, we carried out an adaptation of Bemis and Pylkkänen original
experiment (Bemis & Pylkkänen, 2011) to Spanish while recording EEG
activity (Experiment 1). Importantly, we used three methods to analyze
the EEG data. In the first place, to be able to compare our results with
the existent EEG replication (Neufeld et al., 2016), we followed their
traditional ERP analysis. Following the original Bemis & Pylkkänen
study, we performed an adapted version of their cluster permutation
method on both ERP and time–frequency power representations. Fi-
nally, as expectancy processes change across trials and in order to avoid
bias introduced by parameter selection, we implemented a threshold-
free cluster permutation analysis that included trial number as a pre-
dictor variable to test for task progression effects on EEG activity. If the
reported activity in Neufeld et al. (2016) is in fact related to composi-
tion, we would expect it to be also present during a task in which
participants cannot anticipate if a given word will have to be used to
perform composition. Conversely, if this activity is not elicited it would
suggest the alternative hypothesis, that this brain activity is at least in
part due to anticipatory processes generated by task demands. There-
fore, to examine this possibility we introduce a novel task to evaluate
two-word composition that avoids differential expectancy effects across
conditions (Experiment 2).

2. Materials and methods

2.1. Experiment 1

2.1.1. Participants
Twenty-nine non-colorblind Uruguayan undergraduate students

participated in this experiment (22 female, average age, 25.31 ± 0.56).
All subjects were native Rioplatense Spanish speakers, right handed,
and had normal or corrected vision. The experiments were approved by
the ethics committee of the Facultad de Psicología Universidad de la
República. All participants gave informed consent and were not
awarded any economic or academic retribution, according to the na-
tional established guidelines (Decree Nž379/008).

2.1.2. Experimental design
The original paradigm to study elementary composition included

two tasks: a composition and a list task. The composition task consisted
of a one-word condition in which subjects were presented with a non-
word followed by a word denoting a noun (xkq boat), and a two-word
condition in which subjects saw two words, an adjective followed by a
noun (red boat). After each condition subjects had to match the pre-
sented verbal stimulus to an image. In the list task, subjects were pre-
sented with a one-word condition exactly the same as in the composi-
tion task, and a two-word condition in which two consecutive nouns
were displayed (cup boat). Subjects had to indicate whether a sub-
sequent picture matched any preceding word. In contrast to English, in
Spanish adjectives such as color, shape or evaluation tend to be used in
a post-nominal way, and their pre-nominal uses are mainly restricted to
literary resources as is the use of epithets (Bosque & Demonte, 1999).
Taking this into account we adapted the composition task so that sub-
jects were presented with noun adjective (NA) trials in the two-word
condition and non-word adjective (XA) trials in the one-word condition.
We also devised two versions of the list task. In the list of adjectives

task, subjects saw either adjective adjective (AA) trials (two-word con-
dition) or non-word adjective (XA) trials (one-word condition). In this
task the critical second word was also an adjective (noun adjective VS.
adjective adjective), matching the composition task. However, using a
list of adjectives could be problematic as color adjectives are typically
more abstract than regular nouns. Hence, subjects were presented with
a list of nouns task in which they saw noun noun (NN) trials and non-
word noun (XN) trials in the two-word and one-word conditions, re-
spectively. During the composition task participants were instructed to
answer whether the image matched the preceding words. In contrast, in
the list tasks subjects had to answer whether the image matched any of
the preceding words. Half of the participants started the experiment
with the composition task, and half started with the list tasks. The list
task order and yes/no response hand was counterbalanced across sub-
jects. Subjects were encouraged to answer as quickly and accurately as
possible. Each task consisted of 200 trials that were preceded by a 40
trial practice to ensure that participants understood the task and
learned the response keys. During each trial participants saw a fixation
cross for 1 s and all stimuli except for the images were presented for
300 ms and were followed by a 300 ms blank screen. The images pre-
sented at the end of each trial remained on screen until subjects pressed
a key or after 3 s (see Fig. 1A). Following the end of each trial a sound
was elicited to encourage participants to blink at that time. The inter-
trial interval was randomly varied between 0.8–1.5 s. Stimuli pre-
sentation was coded in Psychopy (Peirce, 2007) and displayed on a CRT
monitor with a 60 Hz refresh rate.

2.1.3. Stimuli construction
In order to generate the stimuli, 11 nouns - bote, cable, cepillo, globo,

gorro, lápiz, reloj, teléfono, tenedor, tren, zapato (boat, cable, thooth-
brush, balloon, hat, pencil, clock, telephone, fork, train, shoe) and 11
color adjectives - amarillo, azul, blanco, celeste, marrón, naranja, negro,
rojo, rosado, verde, violeta - (yellow, blue, white, sky-blue, brown, or-
ange, black, red, pink, green, purple) were selected. Nouns and ad-
jectives were matched for frequency (p = 0.059), number of letters (p
= 0.51), number of substitution neighbors (p = 0.92), number of
phonemes (p = 0.50), number of syllables (p = 0.58), number of
homophones (p = 0.22), and number of phonological neighbors (p
= 0.95). It was not possible to compare words on familiarity, image-
ability and concreteness as there was no available information for 7 out
of the 11 color adjectives. Non-words (brnlqs, slgrl, grsd, vrpng, jlcrfsmt,
cxgnff, drbcw, tphn, dpjzb, pkrdt, vqdfnsm) were constructed using Wuggy
software (Keuleers & Brysbaert, 2010), and did not differ in number of
letters from the adjectives (p = 0.40) nor from the nouns (p = 0.87). p-
values correspond to a two tails t-test and properties were taken from
Duchon, Perea, Sebastián-Gallés, Martí, and Carreiras (2013). For the
composition task a python script was created to automatically select 10
nouns and 10 adjectives, and to combine them in order to generate 100
trials. For the one-word condition the 11 non-words and the 11 ad-
jectives were combined, 21 items were randomly selected and dis-
carded. This was done independently for every subject. Half of the trials
for each condition were incongruent. In the two-word condition a trial
was incongruent if the noun (25 trials) or the adjective (25 trials) did
not match the image. In the one-word condition a trial was incongruent
if the adjective did not match the image (50 trials). A second python
script was created to generate the stimuli for the list tasks. For each
subject for each list task, permutations of the 11 words were obtained
and 10 items were randomly selected and discarded. For the one-word
condition the 11 non-words and the 11 words (nouns or adjectives)
were combined, 21 items were randomly selected and discarded. For
the one-word condition of both tasks, a trial was incongruent if the
image did not match the word (50 trials). For the two-word condition a
trial was incongruent if the image did not match any of the preceding
words (50 trials).

We evaluated the corpus bigram frequency of all the noun-adjective
pairs using the Spanish corpus of Google Ngram (Michel et al., 2011)
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using the Phrasefinder API (https://phrasefinder.io/api). The Spanish
corpus registers a total of 40.053.844 bigrams. Of the 121 possible
noun-adjective pairs, 60 were not found in the corpus. The highest
frequency was for the pair lápiz rojo (red pencil) with a frequency of
10579 instances (0.026%) and the lowest non-zero frequency was for
the pair gorro rosado (pink cap) with a frequency of 49 ( ×

−1.2 10 4 %).
The overall mean relative bigram frequency was ×

−8.9 10 4 %, 95% CI
[ ×

−3.9 10 4 %, ×
−1.4 10 3 %]. None of the possible noun-noun pairs

appear in the Google Ngrams Spanish corpus.

2.1.4. Behavioral data analysis
Response times were measured from image onset until subjects

pressed the no or yes keys. For each subject and task, reaction times
were analyzed by removing incorrect and missing responses as well as
trials in which response times were over or under two standard de-
viations. A linear mixed model with task as a three level factor (com-
position - list of nouns - list of adjectives) and number of words as a two-
level factor (two-word - one-word) as fixed effects, and subject, first and
second word as random intercepts was fitted to log-transformed reac-
tion times, using the lme4 R package (Bates, Mächler, Bolker, & Walker,
2015; R Core Team, 2017). Accuracy data was analyzed using gen-
eralized linear mixed models using a logit link function with task as a
three level factor (composition - list of nouns - list of adjectives), number of
words as a two-level factor (two-word - one-word) and image congruency
as a two-level factor (congruent - incongruent) as fixed effects, and
random intercepts for each subject, first and second word. We used
Wald χ2 tests to evaluate factor main effects and their interactions,
while Wald Z tests were employed in pairwise comparisons. Bonferroni
adjustments were used to correct for multiple comparisons.

2.1.5. EEG recording and preprocessing
EEG signal was recorded using a Biosemi Active-Two system

(Biosemi, B.V., Amsterdam, Netherlands). Sixty-four Ag-AgCl scalp
electrodes where placed on a head cap following the location and label
of the 10–20 system (Jasper, 1958). Ocular movements were monitored
by 4 electrooculographic (EOG) electrodes (above, below the left eye,
and on the outer canthi). The activity recorded was referenced online to
the common mode sense (CMS; active electrode) and grounded to a
passive electrode (Driven Right Leg, DRL), creating a feedback loop that
drives the average potential of the participant to the AD-box reference
potential. Data was digitized with a sample rate of 512 Hz with a fifth-
order low-pass sinc filter with a −3 dB cutoff at 410 Hz. Data was
preprocessed in MATLAB using fieldtrip toolbox (Oostenveld, Fries,
Maris, & Schoffelen, 2011). Continuous data was two-pass filtered with
a second-order high-pass Butterworth filter at 0.1 Hz and a fourth-order
low-pass Butterworth filter at 30 Hz. Data was epoched 0.2 s prior to
first word onset until 1.2 s (at image presentation). Epochs were
baselined to activity 200 ms preceding first word onset. Noisy trials and
channels were rejected following Junghöfer, Elbert, Tucker, and
Rockstroh (2000). Trials in which participants responded incorrectly
were discarded. The remaining trials for each condition were averaged
in order to obtain one ERP per subject per condition.

For the composition task the number of rejected electrodes and
trials was ±1.52 1.16 and ±23.19 6.97, respectively. A t-test showed no
difference in the number of trials rejected between conditions
( =p 0.16). For the list of adjectives task the average of discarded
electrodes was ±2.17 1.97 and the number of trials rejected was

±21, 76 6.80, there was no difference in the number of trials rejected
between conditions ( =p 0.12). For the list of nouns task the average of

Fig. 1. Experiment 1. Spanish adaptation of Bemis &
Pylkkänen’s (Bemis & Pylkkänen, 2011) task. A.
Subjects were presented with three tasks: a compo-
sition task and two list tasks with two-word and one-
word conditions. B. Reaction times and accuracy
results. Bars indicate 95% confidence interval. C.
Top graph shows ERP grand average for each con-
dition of each task superimposed for Cz. Bottom
graphs show mean differences between conditions
for each task with 95% confidence interval for Cz.
XA: non-word adjective, NA: noun adjective, XN:
non-word noun, NN: noun noun, and AA: adjective
adjective. Vertical dashed lines indicate first and
second. stimulus onset.
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electrodes rejected corresponded to ±1.55 1.22 and the average for
trials was ±23.30 7.22. No difference between conditions for the
number of rejected trials was found ( =p 0.96). A one-way ANOVA was
conducted to compare the effect of task on number of channels rejected,
no difference was found ( = =F p(2, 78) 1.86, 0.16). Accordingly, a
second one-way ANOVA showed no difference between task and
number of discarded trials ( = =F p(2, 78) 0.008, 0.99).

Subjects’ ERP signal-to-noise ratio was evaluated following Parks,
Gannon, Long, and Young (2016). A lower bound of signal-to-noise
ratio confidence interval (SNRLB) of 3.0 dB was used as threshold to
ensure signal quality. For the composition task the SNRLB ranged from
3.54 to 21.87 dB (mean = 11.25, median = 10.26 dB, SD = 5.23 dB).
The SNRLB for the list of adjectives task ranged from 0.15 to 16.10 dB
(mean = 8.31 dB, median = 8.34 dB, SD = 3.41 dB). Subjects 13 and
19 failed to meet the SNRLB criterion. Finally for the list of nouns task
the SNRLB was between 4.37 and 22.14 dB (mean = 11.76 dB, median
= 10.46 dB, SD= 3.66 dB). In order to compare the data between tasks
we excluded from the analysis the two participants that did not met the
critical value in the list of adjectives task.

2.1.6. Cluster permutation analysis on ERPs
We used a cluster permutation analysis to evaluate all electrodes

and epoch data points from −0.2 s to 1.2 s (until image presentation).
We used two-tailed t-tests to contrast the difference between the com-
position conditions (NA - XA) with the difference between the list of
nouns conditions (NN - XN). Independently, we used the same approach
to contrast differences between the composition (NA - XA) conditions
with the difference between the list of adjectives conditions (AA - XA).
This analysis aims at finding differences between the composition task
conditions that are not present between the list task conditions.
Additionally, as we decided to use two controls, conditions in the list of
nouns and in the list of adjectives were also contrasted to test for
possible differences.

In each analysis, a t-test was performed on every sample and t values
were clustered depending on if they exceeded a dependent samples t-
test threshold of p< 0.05 (two-tailed). t values for each data point
within each cluster were summed in order to obtain a value per cluster.
The maximum negative and positive cluster statistic values were kept.
This was done for 5000 permutations of the data resulting in a null
hypothesis distribution of the statistic, against which we tested the real
data. We considered the critical α level here to be 0.025. For all the
analyses using this method on ERPs we set to three the minimum
number of electrode neighbors that had to be significant for a given
time point in order to be part of a cluster. All cluster permutation
analyses were conducted on MATLAB using Fieldtrip toolbox
(Oostenveld et al., 2011) and neighbors were defined following Biosemi
64 neighbors template.

2.1.7. Threshold free cluster permutation analysis
In order to explore task progression effects on ERPs we performed

threshold-free cluster enhancement (TFCE) (Mensen & Khatami, 2013;
Smith & Nichols, 2009) analyses on t-values derived from linear models
fitted to epoched EEG data. TFCE is a non-parametric cluster rando-
mization method inspired by random field theory that uses an enhanced
statistic designed to boost weaker but broadly distributed signals. In
contrast to the cluster permutation method implemented in Fieldtrip
(Oostenveld et al., 2011), this method does not have threshold as a free
parameter, reducing the researcher degrees of freedom (Wicherts et al.,
2016). We fitted two linear models to each time point and electrode
using data from both tasks combined (as in the previous analyses). A
simple model contained parameters for trial number, task (composition
vs. list), number of words (two-word vs. one-word), their interaction
(task × number of words), and the interaction between task and trial
number. This last parameter was introduced to test for different effects
of task progression across tasks. A second model (the “complete”
model) also included the interaction between number of words and trial

number, and the triple interaction (task × number of words × trial
number). Also, to further dissect the relation between task progression
and experimental condition, we fitted follow-up models with trial
number, number of words and their interaction as parameters for each
task separately. For each time and electrode, t-values were obtained for
each parameter estimate. Following Mensen and Khatami (2013), po-
sitive and negative t-values were separated and ttfce statistics were
computed. The maximum (in absolute value) ttfce statistic was used in
cluster randomization tests with 5000 permutations to obtain p-values
for each parameter of each model.

2.1.8. Voltage correlation to reaction times
In order to quantify the association between voltage and partici-

pants’ reaction times we used the rmcorr R package to obtain repeated-
measures correlation coefficients (Bakdash & Marusich, 2018). This
analysis takes into account the fact that observations within partici-
pants are not independent and has greater statistical power as no
averaging across individuals is performed, similar to linear mixed
model approaches. We selected the electrode-time point pair for which
the ttfce statistic for the trial parameter was maximal and averaged
voltage across a 100 ms time window centered on that point. Using this
data, we obtained correlation coefficients between trial-to-trial voltage
values and reaction times for the composition and lists tasks.

2.2. Experiment 2

2.2.1. Participants
Thirty-nine non-colorblind Uruguayan undergraduate students

participated in this experiment (23 female, average age, 23.13 ± 3.65).
All subjects were native Rioplatense Spanish speakers, right handed,
and had normal or corrected vision.

2.2.2. Experimental design
In this experiment we tried to maintain the design similar to

Experiment 1 while trying to reduce possible confounding of ex-
pectancy in composition effects. During this task participants were
presented with four different conditions: noun adjective: NA, non-word
adjective: XA, noun noun: NN and non-word noun: XN. In all conditions,
each word pair was followed by an image. Subjects were instructed to
answer if the image matched the preceding verbal material and were
encouraged to answer as quickly and accurately as possible. Hence,
there were two-word conditions (NA and NN) and one-word conditions
(XA and XN), and composition was required only for the NA condition.
A representation of the trials is shown in Fig. 5B. The main differences
with the previous experiment were that subjects saw all types of trials in
the same block, and the image presented in NN trials had two elements.
The task consisted of 400 trials that were preceded by a 40 trial prac-
tice. In each trial, participants saw a fixation cross for 1 s and all stimuli
except for the images were presented for 300 ms followed by a 300 ms
blank screen. Every subject was presented with 100 trials of each
condition, and half of the trials of every condition were incongruent to
the image. For the XN and XA conditions, a trial was incongruent if the
image did not match the noun or adjective respectively (50 trials for
each condition). For the NA condition a trial was incongruent if the
image did not match the noun (25 trials) or did not match the adjective
(25 trials). Finally, for the NN condition a trial was incongruent if the
image did not match the first noun (25 trials) or the second noun (25
trials).

In order to obtain results comparable to Experiment 1, we con-
ceptually organized the aforementioned four conditions as two tasks
with two conditions each. The composition task comprised of a two-
word (NA) and a one-word (XA), condition, and a list of nouns task also
comprised of a two-word (NN) and a one-word (XN) condition.

2.2.3. Stimuli construction
The same pool of words and non-words used in the Experiment 1
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was employed to create the stimuli. A python script was coded to
combine words and non-words for each subject in order to create 400
trials. For the XN, XA and the NA conditions, a combination of the 11
elements of each pool was made, resulting in 121 pairings with the
desired structure. Subsequently, 21 items were randomly discarded. For
the NN condition, permutations of the nouns were generated and 10
items were discarded, resulting in 100 pairings. Both the NN and the NA
pairs have the same bigram frequency properties as the ones used in
Experiment 1.

2.2.4. Behavioral data analysis
Response times were measured from image onset until subjects

pressed the no or yes keys. For each subject, reaction times were ana-
lyzed by removing incorrect and missing responses as well as trials in
which response times were over or under two standard deviations. A
linear mixed model with task as a two level factor (composition - list of
nouns) and number of words as a two-level factor (two-word - one-word)
as fixed effects, and subject, first and second word as random intercepts
was fitted to log-transformed reaction times, using the lme4 R package
(Bates et al., 2015; R Core Team, 2017). Accuracy data was analyzed
using generalized linear mixed models using a logit link function with
task as a two-level factor (composition - list of nouns), number of words
as a two-level factor (two-words - one-word) and image congruency as a
two-level factor (congruent - incongruent) as fixed effects, and random
intercepts for each subject and second word. We used Wald χ2 tests to
evaluate main effects and their interactions, while Wald Z tests were
employed in pairwise comparisons. Bonferroni adjustments were used

to correct for multiple comparisons.

2.2.5. EEG recording and preprocessing
We followed the same recording and preprocessing steps im-

plemented in the first experiment. The number of rejected electrodes
and trials was ±4.44 2.21 and ±55.75 15.28, respectively. A one-way
repeated-measures ANOVA was conducted to test for differences in the
number of trials across conditions, no difference was found

= =F p(3, 124) 0.74, 0.53. Subjects’ ERP SNRLB ranged from 1.74 to
20.31 dB (mean = 10.99, median = 11.52 dB, SD = 4.78 dB).
Subjects 3, 12, 14, 15, 26 and 29 failed to meet the SNRLB criterion and
were excluded from the analysis.

2.2.6. EEG data analysis
A cluster permutation analysis and a repeated-measures correlation

analysis between trial-to-trial voltage values and reaction times were
carried out following the procedures described for Experiment 1.

2.3. Further analyses

In order to test for specific hypotheses and compare to published
results we performed a classical ERP analysis of Experiment 1.
Furthermore both experiments were submitted to time–frequency
analysis coupled to a cluster permutation test. The details are described
in the Supplementary Materials section.

Fig. 2. Cluster permutation analysis results for the interaction between task and number of words. A. Composition vs. list of adjectives. Left: t-values for the clusters
obtained. Right: Electrode–time points clusters. Color code represents data points that participate in a given cluster. Only the gray cluster is statistically significant
( =p 0.007, t = 1.01–1.20 s). B. Composition vs. list of nouns. Left: t-values for the clusters obtained. Right: Electrode–time clusters. Only the gray cluster is
statistically significant ( =p 0.006, t = 0.86–1.15 s).
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3. Results

3.1. Experiment 1: Adaptation to Spanish of the original study

3.1.1. Behavioral results
We found a significant main effect of task

( = <χ p(2) 54.67, 0.0012 ) as well as an effect of number of words
( = <χ p(1) 729.02, 0.0012 ). More interestingly, an interaction be-
tween task and number of words was also significant
( = <χ p(2) 471.35, 0.0012 ). Pairwise comparisons showed no differ-
ence in reaction times between the two-word condition and the one-
word condition for the composition task ( = − =Z p0.81, 0.42).
Contrarily, reaction times were smaller for the one-word condition for
the list of nouns ( = − <Z p27.37, 0.001) and for the list of adjectives
( = − <Z p22.89, 0.001), compared to the two-word conditions.

Participant’s accuracy was in line with the reaction time results.
There was a main effect of task ( = =χ p(2) 11.03, 0.0042 ) and number
of words ( = <χ p(1) 33.66, 0.0012 ), as well as a congruency effect
( = =χ p(1) 7.63, 0.0062 ) which was not further explored. The analysis
shows a significant interaction between task and number of words
( = =χ p(2) 11.44, 0.0032 ). Pairwise comparisons revealed no difference
between conditions in accuracy for the composition task
( = =Z p1.23, 0.22) and a significant difference between conditions in
the list of nouns ( = <Z p5.48, 0.001), as well as for the list of ad-
jectives task ( = <Z p4.26, 0.001) (Fig. 1B).

3.1.2. Cluster permutation analysis results
The permutation cluster analysis to test the interaction between the

list of adjectives and composition tasks and the number of words
yielded a significant negative cluster comprised of 16 electrodes with a
central-frontal distribution ( =p 0.007, t = 1.01–1.20s) (Fig. 2A; see
Fig. 1 in Supplementary Material for th topographical distribution of
the cluster). A post hoc analysis was carried out for each task taking
only the electrodes and data points that participate in the interaction
cluster. No cluster was obtained for the list of adjectives. We found a
significant negative voltage cluster for the composition task
( = ×

−p 5.0 10 4, t = 1.01–1.20 s).
The same analysis comparing the list of nouns and composition

tasks showed similar results. A significant negative cluster was obtained
for the interaction between task and number of words ( =p 0.006, t
= 0.86–1.15 s) composed of 26 electrodes with a central distribution
(Fig. 2B; see Fig. 2 in Supplementary Material for the topographical
distribution of the cluster). The post hoc analysis showed no difference
between conditions for the list of nouns task, and two significant ne-
gative voltage clusters for the composition task ( = ×

−p 8.0 10 4, t
= 0.95–1.15 s and = ×

−p 6.6 10 3, t = 0.86–094 s).
We also carried out the same analysis contrasting both list tasks. No

significant clusters were obtained.

3.1.3. TFCE cluster permutation analyses and linear models
For the sake of brevity we present results for the composition task

and the list of nouns task, since results for both list tasks follow the
same pattern.

Threshold-free cluster enhancements statistics were obtained for
two linear models fitted to the EEG data, the simple and the complete
model (See Table 1 in supplementary material).

For the simple model, we found significant effects of task (FCz, t
= 0.423 s, = − × =t p2.68 10 , 0.027tfce

3 ), number of words (PO7, t
= 0.503 s, = × <t p8.55 10 , 0.001tfce

3 ), trial number (Oz, t = 0.415 s,
= × <t p4.45 10 , 0.001tfce

3 ) (Fig. 3) and a significant interaction be-
tween task and number of words (Cz, t = 1.05 s,

= × =t p2.75 10 , 0.027tfce
3 ) (Fig. 3A). Importantly, we found a sig-

nificant effect for the interaction between task and trial number (F2, t
= 0.460 s, = − × =t p2.46 10 , 0.043tfce

3 ).
The analysis of the complete model with all the interactions showed

the following results. A significant task effect (F1, t = 0.417 s,

= − × =t p1.82 10 , 0.032tfce
3 ), a significant effect of number of words

(FC3, t = 0.398 s, = − × =t p2.84 10 , 0.024tfce
3 ), a significant trial

number effect (F3, t = 0.404 s, = − × =t p2.82 10 , 0.026tfce
3 ) (Fig. 3B,

Fig. 4A), no significant interaction between task and number of words
(C6, t = 0.374 s, = − × =t p1.44 10 , 0.49tfce

3 ) (Fig. 3B), no significant
interaction between task, number of words and trial number (Iz, t
= 0.915, = − × =t p1.26 10 , 0.67tfce

3 ), no significant interaction be-
tween task and trial number (F1, t = 0.398s,

= × =t p1.41 10 , 0.52tfice
3 ) and no significant interaction between

number of words and trial number (Iz, t = 0.899 s,
= × =t p1.72 10 , 0.30tfce

3 ).
For each task a model was fitted to compare the one-word and two-

word conditions. For the composition task an effect of number of words
(FC1, t = 0.439 s, = − × =t p2.52 10 , 0.020tfce

3 ), an effect of trial (F3, t
= 0.402 s, = − × =t p2.68 10 , 0.013tfce

3 ), and no effect for an interac-
tion between number of words and trial (Iz, t = 0.888 s,

= × =t p1.50 10 , 0.31tfce
3 ) was found.

For the list of nouns task an effect of number of words (POz, t
= 0.499 s, = × =t p2.23 10 , 0.020tfce

3 ), no effect of trial (C6, t = 0.723
s, = × =t p1.58 10 , 0.20tfce

3 ), and no effect for an interaction between
number of words and trial (F5, t = 0.061 s, = − × =t p1.26 10 , 0.49tfce

3 )
was obtained.

3.1.4. Correlation between voltage and reaction times
For the composition task, lower reaction times correlated with more

negative potentials (F3, rrm (1436) = 0.055, 95% CI [0.004, 0.107],
=p 0.036). This correlation was not found for the list of nouns (F3, rrm

(1428) = −0.015, 95% CI [-0.067, 0.037], =p 0.56) (Fig. 4 B).

3.1.5. Classical ERP and time–frequency analysis
In the Supplementary Materials we present the results for the clas-

sical ERP and the time–frequency analyses. As in Neufeld et al. (2016)
we found no interaction between task and number of words, although
post hoc analyses yielded a difference between conditions for the
composition task and no difference between conditions for the list tasks.
No significant differences were found for the composition task in the
time points evaluated before second word onset. Finally, we found no
significant clusters for the interaction between task and number of
words in any of the studied power bands (gamma, alpha and beta
bands).

3.2. Experiment 2

3.2.1. Behavioral results
For reaction times, a main effect of task was found

( = <χ p(1) 458.36, 0.0012 ) as well as an effect of number of words
( = <χ p(1) 546.51, 0.0012 ). Moreover, the interaction between task
and number of words was significant ( = <χ p(1) 1284.94, 0.0012 ).
Pairwise comparisons were tested between number of words for each
group. The two-word and one-word conditions in the list of nouns task
were different ( = − <Z p37.04, 0.001). Furthermore, there was a
significant difference between conditions for the composition group as
well ( = − <Z p4.10, 0.001) (Fig. 5B).

In regard to accuracy, there was a main effect of task
( = <χ p(1) 11.78, 0.0012 ) and number of words
( = <χ p(1) 47.32, 0.0012 ), as well as a congruency effect
( = <χ p(1) 42.88, 0.0012 ). The analysis showed a significant interac-
tion between task and number of words ( = <χ p(1) 15.86, 0.0012 ).
Pairwise comparisons revealed no difference between conditions for the
composition task ( = =Z p1.91, 0.057) and a significant difference be-
tween conditions in the list of nouns ( = <Z p8.36, 0.001) (Fig. 5B).

3.2.2. Cluster permutation analysis results
To evaluate an interaction between number of words (two-word –

one-word) and task (composition – list of nouns) we carried out a
cluster permutation analysis on the EEG data averaged for each subject.

E. Fló, et al. Brain and Language 209 (2020) 104837

7



Fig. 3. Threshold-free cluster enhancement results on t-values derived from linear models fitted to EEG data from experiment 1. A. Simple model ttfce statistics for the
interaction between task and number of words (left) and for trial (right). B. Complete model ttfce statistics for the interaction between task and number of words (left)
and for trial (right). Line and circle indicate time-electrode maximum statistic values that reached significance in permutation tests.

Fig. 4. Effect of task progression on the
evoked response and reaction times for the
composition and list of nouns tasks. Voltage
values correspond to the average in a window
centered at the maximum value for the trial
statistic (F3, 352–452 ms). A. Voltage values
for the first and last 33 trials of each condition
for each task were averaged. There is an in-
crease in negative voltage as the composition
task unfolds. Composition task conditions are
shown in shades of blue, list of nouns condi-
tions in shades of green. Error bars represent
95% confidence intervals. B. Correlations be-
tween voltage and reaction times for the
composition task (top) and the list of nouns
task (bottom).
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The cluster permutation analysis yielded 9 positive and 8 negative
clusters; however, none of them reached significance ( >p 0.64). To
further explore this result, we proceeded to do a post hoc analysis for
the difference between each pair of conditions. The comparison be-
tween the composition task conditions yielded: three significant posi-
tive voltage clusters (1) from 0.617 to 0.836 s, <p 0.001, (2) from
0.336 to 0.397 s, =p 0.006 and (3) from 0.217 to 0.279 s, =p 0.007;
and two significant negative voltage clusters: (1) from 0.195 to 0.434 s,

<p 0.001, (2) from 0.621 to 0.859 s, <p 0.001. The analysis for the
list of nouns conditions gave a comparable result: two significant po-
sitive voltage clusters (1) from 0.314 to 0.533 s, <p 0.001and (2) from
0.555 to 0.756, <p 0.001. Furthermore, three significant negative
voltage clusters were obtained: (1) from 0.199 to 0.543 s, <p 0.001,
(2) from 0.625 to 0.758 s, =p 0.002 and (3) from 0.762 to 0.843 s,

=p 0.008 (see Fig. 3 in Supplementary Material).

3.2.3. TFCE cluster permutation analyses and linear models
In order to keep analyses similar to Experiment 1, we fitted two

linear models to each time-electrode point in epoched EEG data, and
subjected each parameter to the TFCE procedure (see Table 1 in sup-
plementary material). The simple model yielded no significant effect of
task (FCz, t = 0.872 s, = − × =t p1.37 10 , 0.48tfce

3 ), a significant effect
of number of words (PO8, t = 0.267 s, = × <t p9.07 10 , 0.001tfce

3 ), a
significant trial number effect (FCz, t = 0.964 s,

= − × <t p4.89 10 , 0.001tfce
3 ) (Fig. 6A), no significant interaction be-

tween task and number of words (FC6, t = 0.527 s,
= − =t p955.2, 0.87tfce ) (Fig. 6A) and no significant effect for the in-

teraction between task and trial (PO4, t = 0.950 s,
= − × =t p1.42 10 , 0.49tfce

3 ).
The complete model with all the trial interactions showed the fol-

lowing results. We found no significant task effect (P7, t = 0.911 s,
= × =t p2.21 10 , 0.33tfce

3 ), a significant effect of number of words (P8, t
= 0.269 s, = × =t p1.70 10 , 0.001tfce

4 ), a significant trial number effect
(FCz, t = 1.08 s, = − × <t p7.19 10 , 0.001tfce

3 ) (Fig. 6B), no significant
interaction between task and number of words (F7, t = 0.950 s,

= × =t p1.52 10 , 0.30tfce
3 ) (Fig. 6B), no significant interaction between

task, number of words and trial number (CP4, t = 0.572,
= − × =t p1.24 10 , 0.59tfce

3 ), no interaction between task and trial
number (P7, t = 0.007s, = × =t p1.28 10 , 0.62tfice

3 ) and no effect be-
tween number of words and trial number (PO8, t = 0.972 s,

= − × =t p1.59 10 , 0.25tfce
3 ).

3.2.4. Correlation between voltage and reaction times
We found a significant positive correlation between the average

voltage for FCz between 950–1050 ms (ttfce maximum statistic was ob-
tained at around 1000 ms on that electrode) and reaction times on a
trial-to-trial basis. Lower reaction times correlated with more negative
potentials (FCz, rrm (10376) = 0.069, 95% CI [0.050, 0.088],

Fig. 5. Experiment 2. Composition without expectancy. A. Participants were presented with two two-word conditions: noun adjective (NA) and noun noun (NN)
conditions, and two one-word conditions: non-word adjective (XA) and non-word noun (XN) conditions. B. Reaction times and accuracy results. Bars indicate 95%
confidence interval. C. Top graph shows ERP grand averages for each condition at Cz. Bottom graphs show mean differences between conditions with 95% confidence
intervals. Vertical dashed lines indicate first and second stimulus onset.
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<p 0.001) across conditions.

3.2.5. Time–frequency analysis
In the Supplementary Materials we present the results of the

time–frequency analysis. We found no significant clusters for the in-
teraction between task and number of words for the gamma, alpha and
beta bands.

4. Discussion

In this work we have adapted Bemis & Pylkkänen’s (Bemis &
Pylkkänen, 2011) experimental paradigm in order to study elementary
language composition in Spanish using EEG. As the original experiment
was done in MEG and with English stimuli, our adaptation required
many changes. In contrast to English, canonical adjectivation of a noun
in Spanish is done post-nominally; this imposed the need to add a
second control task to keep the critical word type consistent in both the
composition and the list task. Furthermore, we adapted the analysis to
EEG data, and used two different cluster finding techniques. Despite
these important modifications, we found comparable results to those of

the original study. The binding of two items into a single concept
yielded a processing advantage, as shown by faster reaction times and a
lower error rate for the two-word condition of the composition task
compared to conditions in which composition was not possible. Our
cluster permutation analysis comparing brain responses to the compo-
sition task and the list of nouns task, showed a significant interaction
between task and number of words 260–550 ms after second word
onset. This effect was driven by a difference between two-word and
one-word conditions in the composition task. A similar result in a later
time window (410–600 ms) was found when comparing the composi-
tion and the list of adjectives tasks. Although consisting of different
word classes (nouns and adjectives), the clusters obtained in both
comparisons showed a similar temporal and topographical distribution.
Furthermore, no difference was found between the list tasks, suggesting
that both tasks were equally appropriate as controls. This results were
not accompanied by differences in the non-phase-locked activity as no
modulation of power was found for gamma, alpha and beta bands (see
Supplementary Material for analyses and results).

To the best of our knowledge this is the first study to show an EEG
signal temporally consistent with the MEG composition-related activity

Fig. 6. Threshold-free cluster enhancement results on t-values derived from linear models fitted to EEG data from experiment 2. A. Simple model ttfce statistics for the
interaction between task and number of words (left) and for trial (right). B. Complete model ttfce statistics for the interaction between task and number of words (left)
and for trial (right). Line and circle indicate time-electrode maximum statistic values that reached significance in permutation tests.
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using an unbiased rigorous cluster permutation analysis and Spanish
stimuli. Although a previous study using EEG was published (Neufeld
et al., 2016), the reported composition-related activity is not supported
by the interaction analysis between task and number of words, leaving
open the possibility that their result is indexing the presence of two
words over one word, and not a genuine composition activity. This
inconclusive result may be a consequence of the electrode partition
choice and the time window targeted.

Interestingly, Neufeld et al. (2016) reported a difference between
the composition task conditions before second word onset. The authors
interpret this pre-combinatorial activity as a syntactic building process,
arguing that the adjective-noun syntactic structure is initialized before
second word onset to allocate the expected noun. Even though carrying
the same classical ERP analysis on our data did not yield the exact same
results (see Supplementary Material), our cluster permutation analysis
output (Fig. 2A and Fig. 2B) shows that the same electrodes that
comprise the significant clusters seem to also take part in smaller
clusters before second word onset (this is clear for anterior and pos-
terior left hemisphere electrodes). Although Neufeld and collaborators’
interpretation is reasonable, we propose an alternative explanation. For
all tasks and conditions, after seeing the first word participants knew
with certainty what type of word would follow. Nevertheless, it was
only the case for the composition task that subjects had to manipulate
the first word in relation to the second word. In this way, participants’
processing of the first word was conditional to the second word, and a
contingency between the first and second stimuli had to be established
only during the composition task. This pre-composition activity could
then be more related to general expectancy rather to a specific syntactic
mechanism. Given that the experimental design imposes the need to
establish a relation between the stimuli, CNV is a good candidate ex-
planation for our results. In particular, this component’s amplitude is
sensitive to attentional demands (Jacobson & Gans, 1981; Low, Coats,
Rettig, & McSherry, 1967; Rebert et al., 1967; Simons, ÖHman, & Lang,
1979; Tecce & Scheff, 1969) and task progression (Walter et al., 1964),
and it has been consistently shown that CNV increases as the con-
tingency between two stimuli is learned (Cohen, 1969; Hillyard, 1969;
Proulx & Picton, 1980). Consistent with CNV behavior, a TFCE per-
mutation analysis allowed us to evidence the presence of a task pro-
gression effect specific to the composition task, i.e. amplitude increased
on a trial-to-trial basis (Fig. 4A). The maximum effect of trial number
occurred before second word onset and was independent of condition.
Moreover, a more exhaustive model including all interactions between
predictor variables rendered the crucial interaction between number of
words and task non-significant. This results suggest that the composi-
tion-related activity obtained in our EEG experiment is contaminated
by an anticipatory process. In agreeement with the electrophysiological
response described above, we found a correlation between the voltage
amplitude for each trial at the location of maximum effect of trial
number (as indicated by the TFCE analysis) and the participants’s re-
sponse times (Fig. 4B), such that response times are lower as voltage
values get more negative, suggesting its involvement in response pre-
paration. Importantly, this correlation was significant only for the
composition task. These results suggest that the composition task shows
electrophysiological and behavioral patterns compatible with non-sta-
tionary and learning effects which are not present for the list task, in-
dicating that the tasks differ not only in the composition requirement.
Hence, the crucial manipulation designed to identify a neural signature
of composition may not allow to separate an elementary composition
activity from an expectancy-based response in EEG. In order to test this
hypothesis we designed an experiment to engage participants in com-
bining two words, but ensuing that expectancy processes affect both
tasks similarly. For this, conditions were grouped in a single block such
that each two-word trial started with a noun, and an adjective or an-
other non-composable noun could follow. In this manner, participant’s
expectancy would be equally affecting both tasks, as on any given trial a
noun gave no indication of whether the subsequent word would be a

composable item or not. Behavioral data indicates that subjects were
unifying both elements when a noun was followed by an adjective, as
reaction times were similar to the one-word condition and lower than
the two nouns condition. However, a cluster permutation analysis on
ERP data yielded no interaction between task and number of words.
Similarly, no differences in the frequency domain were found (see
Supplementary Material). The comparison of each two-word condition
to its one-word control shows very similar temporal and topographical
distributions (see Fig. 3 in Supplementary Material). After the initial
noun is presented, a negative activity starting before second word onset
develops and extends to the time-window where a composition effect
would be expected, whether the second word allows composition or
not. This suggests that the activity we detected in the first experiment
may not reflect basic composition, as no interaction effect is obtained
when controlling for expectancy. Moreover, a TFCE permutation ana-
lysis employing the same models used to evaluate the first experiment
showed no significant interaction between task and number of words.
Interestingly, a trial number effect was identified after second word
onset, which could reflect an anticipatory response to the image to
which subjects were required to answer. In this line, negative voltage
was correlated with lower reaction times. Although the maximum trial
number effect takes place after the second word, following the same
behavior than for the composition task a comparable trial number effect
can be noticed 200 ms after first word onset (see Fig. 6B). It is im-
portant to point out that contrary to experiments in which a typical
CNV is observed, Bemis & Pylkkänen’s paradigm consists of two lin-
guistic stimuli followed by an image, and therefore two expectancy
processes would be elicited: one between the first and second word, and
another between second word onset and image presentation. For all
tasks and conditions, after second word presentation an anticipatory
activity was probably elicited as subjects had to maintain the verbal
material available in memory and prepare to give a motor response. We
argue that this process would be equal for all conditions. However, a
critical difference across tasks is the contingency between stimuli in the
composition task, manifested as a task progression effect. In order to
determine if our results are compatible with a CNV interpretation it
would be relevant to implement the same task with a larger number of
trials. If a learning effect accounts for our results, the increase in am-
plitude of the CNV should reach a plateau once the contingency is fully
established. Another interesting alternative would be to increase the
inter stimulus intervals (ISIs) between first word, second word and
image presentation. This would allow the negative potentials to develop
in time, enabling a comparison with the two-component response de-
scribed for the CNV (Loveless & Sanford, 1974; Weerts & Lang, 1973).
In our experiment, the short time that separates the three stimuli
probably produces a superposition of anticipatory waves, preventing a
proper characterization of these components. Is this anticipatory re-
sponse in part specific to language processing? According to predictive
coding models (Clark, 2013; Farmer, Brown, & Tanenhaus, 2013; Kutas
& Federmeier, 2011) the expectancy-related activity could be part of
language processing; in particular, it could be elicited by a composition-
related process. It is clear though that the activity we observed in our
first experiment (only in the composition task) does not correlate with
linguistic composition since it appears to be present for both tasks in
experiment 2. In this case both conditions with nouns as first word
create a similar expectancy as the continuation is not known. Crucially,
after the second word the situation is disambiguated, but we do not
measure any difference in activity between conditions NA and NN that
could be attributable to composition.

It has been shown that a negative potential is elicited when a delay
is introduced before sentence-final words or when a specific linguistic
stimulus can be predicted (Besson, Faita, Czternasty, & Kutas, 1997;
Kaan & Carlisle, 2014; León-Cabrera, Rodríguez-Fornells, & Morís,
2017). Evidence against a simple syntactic interpretation of this an-
ticipatory response (Neufeld et al., 2016) comes from Bentin (1987). In
this work, lexical stimuli separated by long ISIs were used to study
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neural responses to semantic expectancy. On some trials the first sti-
mulus was a word, and subjects were asked to respond whether the next
word was an antonym of the first. In contrast, on trials starting with a
non-word, subjects had to perform a lexical decision task on the second
stimulus. The elicited complex response (characterized by a sustained
negative activity) had a larger amplitude in the antonym task that re-
quired the semantic content of the first word to be held in memory. This
supports the possibility that the pre-combinatorial activity addressed in
Neufeld et al.’s and in our experiments may reflect an anticipatory
mechanism related to linguistic processing that is not specific to syntax
or semantic composition.

A point that could be raised is whether the similar electro-
physiological response for the noun adjective and noun noun conditions
in our second experiment reflects subjects’ attempt to compose both
nouns. Although noun-noun compounds are widely used in Spanish,
compounding is not overly productive. There are hierarchical com-
pounds, where the head-noun can be in first or last position (hombre
arańa “spiderman”, hidroterapia “hydrotherapy”) and concatenative
compounds which according to the final representation can be con-
sidered coextensional (cantante-bailarńc “Singer-dancer”), additive
(espacio-tiempo “space–time”) or intersective (centro-derecha “center-
right”) (Moyna, 2011). Nevertheless, none of the possible noun pairs
used as stimuli correspond to established lexical compounds and we
verified that they are not used in natural Spanish constructions. Al-
though we cannot be certain that composition was not attempted by
subjects, it would be a bad strategy to perform the task. Participants
would benefit from maintaining the verbal material as independent
units in order to check each word against the images presented.
Moreover, open noun-noun composition would lead to ambiguous re-
sults (is a shoe fork a type of fork or a type of shoe?). Even though
reaction times are higher and accuracy is lower for the noun-noun
condition, participants still show a very good performance. This is not
surprising, as during reading or hearing a sentence there is no certainty
about which word will follow a specific stimuli and people can still
correctly compose meanings. Therefore, the uncertainty introduced by
our task is in this sense ecological. It could be argued that our results
are related to the linguistic differences between Spanish and English,
specifically in relation to the order of adjectival modification, such that
presentation of the head-noun in the first position elicits a linguistic
process that would be absent when presenting an adjective. Never-
theless, there is evidence from Arabic that the LATL shows an increased
response to noun phrases resulting from postnominal modification
(Westerlund et al., 2015) which is no different from that observed using
English stimuli. Moreover, this activity is elicited for English color-ob-
ject noun phrases presented in reverse order (object-color) when the
task demanded subjects to match both words to a single image re-
presentation (Bemis & Pylkkänen, 2013c). Notice that our first experi-
ment reproduces all these features. Besides, the initial suggestion of a
pre-composition activity for nouns preceded by adjectives was de-
scribed for EEG using English noun-phrases in their canonical order, so
there is at least one published report in English showing this pre-
composition expectancy. It might also be questioned whether the dif-
ference we observe might be due to the lexical properties of the stimuli
used. The original experiment consisted of monosyllabic stimuli
whereas we use multisyllabic words. Nevertheless they are moderately
frequent and easy to read (well within the window where reading time
is insensitive to word length (Rayner, 1998)). In addition, following the
English stimuli used in the previous studies the vast majority of words
in our study are mono-morphemic, with the word “telephone” as the
only exception, and hence we do not think this difference could explain
the results.

Irrespective of what turns out to be the explanation of our results, it
is doubtful that the activity we found in our first experiment is entirely
a composition-based activity. Certainly, our work shows that some re-
sults previously published could be confounded with expectancy-based
processes. This has been addressed clearly for Neufeld et al. (2016);

however this issue is also present in other reports using visual (Bemis &
Pylkkänen, 2011, 2013c, 2013a) and auditory (Bemis & Pylkkänen,
2013a) stimuli. In these cases, the authors do not analyze or plot the
activity elicited before second word onset, and they do not discuss the
potential issues that their experimental design entails. Furthermore, in
studies in which expectancy would equally affect noun-adjective con-
structions (Westerlund & Pylkkänen, 2014; Westerlund et al., 2015;
Zhang & Pylkkänen, 2015; Ziegler & Pylkkänen, 2016), conditions are
only compared to each other or contrasted with a non word-word
condition, disregarding the crucial list control condition. Importantly,
these possible objections cannot be applied to all the studies produced
on this subject. In particular, the compositional interpretation is sup-
ported by production studies. These authors show an increase in LATL’s
activity when subjects had to describe pictures with adjective-noun
constructions in comparison to pictures described by enlisting two
concepts (Blanco-Elorrieta, Kastner, Emmorey, & Pylkkänen, 2018;
Prato & Pylkkänen, 2014; Pylkkänen et al., 2014). Although experi-
ments were designed such that conditions were arranged in separate
blocks there were no expectancy differences across stimuli. Thus our
results do not question the involvement of LATL in linguistic compo-
sition, but show that EEG measures of brain responses elicited by this
paradigm do not provide reliable evidence for an elementary compo-
sition marker, and suggest that some experimental designs used in MEG
may be subject to the same limitation. On this line, we cannot rule out
that the expectancy-related activity showed in this work is more ap-
parent in EEG. This technique could be more sensitive to capture this
anticipatory neural activity than MEG thus hindering the detection of a
signal specific to composition. Additionally, it is possible that the hy-
pothesis driven analyses carried out on specific regions of interest in the
MEG studies manage to isolate composition from other processes. In
summary, we successfully adapted Bemis and Pylkkänen (2011)
minimal composition paradigm to EEG and a language like Spanish that
uses post-nominal adjectivation. We found an increased negativity for
nouns followed by adjectives in a time window consistent with the
composition-related activity described in the MEG literature. We have
also shown the relevance of applying data-driven analyses that take into
consideration task development effects, and adapted appropriate
methods to do so. Finally, we introduced a non-blocked variant of the
experiment to separate the contributions of composition and general
expectancy effects to the measured signals. We suggest that the com-
position-related activity measured with EEG may be at least in part
carried by expectancy-related processes arising from the block design of
the experiment. Whether it is possible to find an unequivocal electro-
physiological marker of elementary composition is a question that re-
mains open and should be addressed in future work.
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