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ARTICLE INFO ABSTRACT

Keywords: The mental representation of time recruits spatial representations, but is space an essential, inescapable feature
Time of mental time? Supporting a positive answer to this question, recent research has reported that lateral (left—
Mental timeline right) space is automatically activated in lexical decision tasks in which the temporal reference of the words is
[C\z:;:lpattli:llt?netaphor irrelevant for the goals of the task (implicit tasks). Here, using always the same set of Spanish verbs and pseu-
Embodied and grounded cognition doverbs marked for past or future tense, we assess the space-time congruency effect in reaction time and mouse
trajectories, both in an explicit time judgement task and an implicit lexical decision task. Moreover, we report the
first confirmatory (preregistered) study in this field of research using long lateral movements in lexical decision.
The congruency effect was always significant in time judgement, but non-significant in lexical decision. More-
over, in reaction time this effect was significantly smaller than a Smallest Effect Size Of Interest (SESOI) of 10 ms,
and even smaller than a recently reported 9 ms effect. Therefore, it was considered negligible. We conclude that

there is no convincing evidence for an automatic activation of the lateral mental timeline in lexical decision.

Introduction

According to Conceptual Metaphor Theory, abstract concepts are
represented through conceptual metaphors: borrowing from more con-
crete concepts (Lakoff & Johnson, 1980, 1999). The space-time con-
ceptual metaphor lets us think of time as space, leading us to conceive of
time as the motion from one spatial location in the past to another
location in the future. This conceptual metaphor is supported by how
people speak about time (Clark, 1973; Haspelmath, 1997; Radden,
2004), and also by a variety of non-linguistic processing tasks
(Boroditsky, 2000; see Niinez & Cooperrider, 2013, for a review). Sub-
sequent psychological research has shown that such mental timeline can
be mapped on all three spatial axes (as forward, lateral, or vertical
movement; Beracci & Fabbri, 2022; Boroditsky et al., 2011; Dalmaso
et al., 2023; Ding et al., 2020; Torralbo et al., 2006; Ulrich et al., 2012).
An important piece of evidence in this line of research is the space-time
congruency effect (for reviews, see Bonato et al., 2012; von Sobbe et al.,
2019). Its lateral form consists in faster responses to words or sentences
with past reference, past/earlier events, or short durations, when they
are presented on the left or responded to with the left hand, and faster
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responses to words/sentences with future reference, future/later events,
or long durations, when they are presented on the right or responded to
with the right hand (Fuhrman & Boroditsky, 2010; Ishihara et al., 2008;
Santiago et al., 2007, 2010). Such interaction is interpreted as the result
of the congruency between the spatial aspects of the task and the spatial
representation of time in the mind.

Yet, is space an essential, inescapable feature of the mental repre-
sentation of time? In many domains of cognition, a central strategy to
respond to this kind of question has been to test whether diagnostic
effects (such as the space-time congruency effect) arise automatically, i.
e., when the key dimension is irrelevant for the task (what we will call
here implicit tasks). For example, in the domain of numerical cognition,
Dehaene et al. (1993) reported a space-number congruency effect (faster
responses to small numbers with the left hand and larger numbers with
the right hand, widely known as the SNARC effect), which arose both in
an explicit magnitude task (judge whether the presented number is
smaller or larger than 5) and an implicit task (judge whether the number
is odd or even). However, although unrelated to magnitude, parity is still
a numerical feature, so when Fischer et al. (2003) reported that just
looking at a number was able to move visual attention to the side
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congruent with its magnitude, the finding had a wide impact on the field
and started a heated debate (leading even to a concerted effort of 17 labs
to replicate the effect, see Colling et al., 2020). The question of auto-
maticity has fueled debates across many different fields of research,
from lexical access in reading (Besner et al., 1997) to conceptual acti-
vation (Lebois et al., 2015), attention (Ruz & Lupianez, 2002), imitation
(Heyes, 2011), perception of social interactions (McMahon & Isik,
2023), and a variety of social-cognitive processes (Bargh et al., 2012).

The automaticity of the space-time congruency effect has recently
been at the center of a strong debate (Abbondanza et al., 2024; Flumini
& Santiago, 2013; Grasso, Ziegler, Mirault, et al., 2022; Ulrich &
Maienborn, 2010). Since the discovery of the effect, the majority of
studies used explicit tasks, i.e., tasks in which the temporal dimension is
arelevant part of the task. For example, Santiago et al. (2007) presented
words that referred to either past or future on the left or right sides of the
screen and asked participants to judge their temporal reference by
pressing a left or a right key. Participants were faster using the
congruent past-left future-right response mapping than the incongruent
mapping.' Such explicit space-time congruency effect is now well
established, independently of the spatial axis (sagittal, lateral, or verti-
cal), the type of materials (physical durations, words, sentences), or
their modality (auditory, visual; Beracci et al., 2022; Bonato et al., 2012;
Malyshevskaya et al., 2024; Mariconda et al., 2022; Ouellet et al., 2012;
Scozia et al., 2023; Ulrich et al., 2012; Ulrich & Maienborn, 2010; von
Sobbe et al., 2019). However, the picture is more complex regarding the
implicit space-time congruency effect, that is, the effect that arises in
tasks in which time is not a relevant dimension. In these tasks, the
participant is asked to judge a dimension of the stimulus other than time
(e.g., to perform a lexical decision), thus avoiding time becoming part of
the definition of the task for the participant. We will focus here on the
implicit space-time congruency effect in fast decisions to linguistic
materials with a temporal reference, decisions that are not about time
(often sensicality or lexicality decisions). In our target tasks, available
evidence mostly supports the absence (or, at least, the undetectability)
of the implicit congruency effect, for both sentences and single words.
For example, using sentences, Ulrich and Maienborn (2010) for the
lateral axis, Ulrich et al. (2012) for the front-back axis, and Maienborn
et al. (2015) for both axes observed clear congruency effects in a tem-
poral judgement task, but no effect in a sensicality task. Using verbs and
pseudoverbs inflected in either future or past tense and left-right key-
presses, Flumini and Santiago (2013) and Aguirre and Santiago (2017)
found the congruency effect only in time judgement, but not in decisions
about lexicality or potentiality, respectively (see von Sobbe et al., 2019,
for a wider review; see Table 1). Yet, there have been recent reports of
implicit space-time congruency effects, both with sentences and single
words. We will here examine the reports using single word tasks, as they
directly motivate the present experiment series, and leave a discussion
of sentence processing studies and other methodologies to the General
Discussion.

There have been four recent reports of space-time congruency effects
in single-word implicit tasks, three of them in lexical decision and one
using a Stroop-like task. As Flumini and Santiago (2013), Grasso, Zie-
gler, Mirault, et al. (2022) presented words and pseudowords inflected
for tense (e.g., “je marchais”: “I walked”; “je reverai”: “I will dream”).
Participants judged lexical status by means of sideways movements on
the trackpad or with the mouse, or pressing response keys. Word

! A note on terminology: Hereafter, we use the term “effect” to refer to the
difference between two conditions without regard to its statistical significance.
That is, an observed effect may not be significant and may have any size
(including zero). The space-time congruency effect is thus the difference be-
tween the congruent and incongruent conditions. When this effect is assessed in
tasks where the temporal dimension is irrelevant (i.e., implicit tasks), we call it
the “implicit effect”, in contrast to the “explicit effect” that is assessed in time-
relevant (explicit) tasks.
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latencies (but not pseudowords) showed significant space-time con-
gruency effects only in the lateral movement conditions of three ex-
periments, ranging from 25 to 13 ms,” but there was a non-significant 5
ms effect in the keypress condition (see Table 1). This led the authors to
conclude that long lateral movements are key for the automatic acti-
vation of the lateral mental timeline in implicit tasks. Long front-back
movements had proven ineffective in whole-sentence sensicality tasks
(Maienborn et al., 2015; Ulrich et al., 2012), but it might be different for
lateral movements, as the lateral mental timeline is related to reading
and writing experiences (Casasanto & Bottini, 2014; Ouellet, Santiago,
Israeli, et al., 2010). In reading and writing, both the hands and the eyes
perform long lateral movements as time passes and the sequence of
events in the text unfolds, generating an experiential correlation be-
tween lateral movement and time. The authors suggested that “the very
representation of a time word (like future- and past-tense verbs) might
include the motor execution component of left-to-right movements”
(Grasso, Ziegler, Mirault, et al., 2022, p. 11). Consistently, in a subse-
quent study, Grasso, Ziegler, Coull, et al. (2022) observed a 13 ms
congruency effect for lateral saccade latencies in lexical decision. We
will call this possibility the lateral movement hypothesis hereafter.

The third report (Abbondanza et al., 2024) also used tensed verbs
and pseudoverbs in both time judgement (exp. 1) and lexical decision
(exp. 2 and 3) with left or right keypress responses. As expected, there
was an explicit space-time congruency effect, but, in stark contrast to
very similar prior studies (Flumini & Santiago, 2013; Grasso, Ziegler,
Mirault, et al., 2022, keypress condition), they also found a significant 9
ms effect in the implicit task (exp. 2; see Table 1). The authors specu-
lated that this was due to the smaller variety and greater consistency of
their inflectional endings. In contrast, they argued, Flumini and Santiago
(2013) used several different inflections varying in person and number,
while Grasso and colleagues (2022; 2022), who used only one inflection,
used an inconsistent one: the first-person past ending “-ais”, which is
also often used as a nominal suffix to indicate place of origin (as in
“Francais”). This speculation, however, has an important problem:
Grasso and colleagues (2022; 2022) used the same endings for both the
words and pseudowords, and against the expectations from cue incon-
sistency, found the implicit effect in the words. Models of morphological
processing agree that morphologically complex words are likely to be
parsed into their constituent morphemes (see discussion in Abbondanza
et al., 2024). Thus, cue inconsistency should have prevented the con-
gruency effect also in the word condition. Finding the effect in words
makes cue consistency an unlikely account of the differences between
the two studies.

Even more recently, Carmona et al. (2024) tested the automaticity of
the space-time congruency effect using only the word materials from
Santiago et al. (2007). In their exp. 1 they took a very original approach:
they had participants judging the temporal reference of the words (an
explicit task), but half the words were presented below the level of
consciousness (33 ms followed by a mask, what led to a chance level of
recognition), while the other half could be clearly seen. This experiment
does not meet the definition of our target tasks, as the decision is about
time, so we classify it as explicit, but we will discuss the subliminal
condition in detail in the General Discussion section together with other
methodologies. Directly relevant is their exp. 2, in which they presented
the words in either red or blue ink for a very short time (33 ms,
unmasked) and participants discriminated their color by pressing a left
or right key. Here they observed an astonishing 84 ms (Table 1) space-
—time congruency effect (partial eta-squared was 0.24, well above the
0.18 value considered conventionally to be a large effect; Cohen, 1988).
The authors did not attempt to integrate their findings with the prior
studies.

2 Thinking of effect sizes in absolute values has the advantage of being more
intuitive whenever the measured scale has intrinsic meaning, such as reaction
time (see, e.g., Dienes, 2019).
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Table 1
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Relevant studies for the present experimental series, all using “fast decisions to linguistic materials with a temporal reference, decisions that are not about time”,
specifically to single inflected words and pseudowords. The relevant spatial axis is always the lateral axis (both keypresses and long movements of the hand and eyes
are toward the left or right). “E” = Experiment. “EF” = congruency effect size. “EF-W” = congruency effect only in words. “EF-PW” = congruency effect only in
pseudowords. “Interact. with lex. status” = significativity of the interaction of the congruency effect with lexical status. “time judg.” = time judgement. “lex. dec” =
lexical decision. “potentiality dec.” = factual vs. potential decision. “primed” = targets preceded by temporal primes. “irrel. fillers” = irrelevant fillers. “50 % subl.” =
50 % of the words presented subliminally. “trackpad” = long movements using a trackpad. “mouse” = long movements using a mouse. “RT” = reaction time. “MT” =
movement time. “within subj.” = within subjects. “bet. groups” = between groups. “?”” = not reported. Effect are rounded to the nearest millisecond. Superscripts: “*” =
significant at p < .05; “ns” = non-significant; “?” = not reported; “c” = the effect size is estimated from a chart. Blank = unapplicable.

Study E Task Type Response  Measure Sample Congruency EF EF- EF- Interact. with lex.
size design w PW status
Flumini & Santiago (2013) E1l  time judg. explicit ~ keypress RT 24 within subj. 64* 78° 537 ns
E2  lex. dec. implicit ~ keypress RT 24 within subj. —2m 2 ? ns
Aguirre & Santiago (2017) E1  time judg. explicit ~ keypress RT 28 within subj. ? 146*
E2  time judg. explicit ~ keypress RT 34 within subj. ? 59%
E3  potentiality dec. implicit ~ keypress RT 30 within subj. ? A
Grasso, Ziegler, Mirault, El  lex. dec. (primed) explicit  trackpad RT+MT 45 within subj. ? 25%¢ 21 ?
et al. (2022)
E2  lex. dec. (primed) explicit  trackpad RT+MT 294 bet. groups ? 13*¢ i ?
(online)
lex. dec. (primed) explicit  mouse RT+MT 208 bet. groups ? 13*¢ i ?
(online)
lex. dec. (primed) explicit  keypress RT 516 bet. groups ? 5 ms ?
(online)
E3  lex. dec. implicit  trackpad RT+MT 48 bet. groups ? 22%¢ i ?
Grasso, Ziegler, Coull, etal. E lex. dec. (primed) explicit  saccade RT+MT 58 within subj. ? 13*¢ 2m8 ¢ ?
(2022)
Abbondanza et al. (2024) E1  time judg. explicit  keypress RT 39 bet. groups 13* 18’ 9’ ns
E2  lex. dec. implicit ~ keypress  RT 37 within subj. 9% 10° 8’ ns
E3  lex. dec. (irrel. implicit ~ keypress  RT 55 within subj. 6" 9’ 3’ ns
fillers)
Carmona et al. (2024) El  time judg. (50 % explicit ~ keypress RT 141 within subj. 164
subl)
E2  color dec. implicit ~ keypress RT 46 within subj. 84

Summing up, evidence for the implicit space-time congruency effect,
and therefore, the automatic activation of the lateral mental timeline,
seems to be on the rise. Table 1 shows the relevant studies. Two reports
(Grasso, Ziegler, Mirault, et al., 2022, and Grasso, Ziegler, Coull et al.,
2022) suggest that the implicit effect arises only in words when long
lateral movements are used (the lateral movement hypothesis) and two
reports (Abbondanza et al., 2024, and Carmona et al., 2024) find the
implicit effect in both words and pseudowords without using long lateral
movements. However, upon close scrutiny, several of these findings
occurred under conditions that render the time dimension relevant,
leaving only a few experiments as clearly implicit. Grasso, Ziegler,
Mirault, et al. (2022) obtained their finding in three experiments, but
the first two presented a temporal word as prime before the lexical de-
cision target, a procedure that may have rendered the temporal
dimension highly salient and task relevant from the standpoint of the
participant (see Santiago et al., 2011, 2012, for data and discussion of
how saliency can affect the manifestation of an irrelevant dimension in a
congruency task; see also de General Discussion section). Grasso, Zie-
gler, Coull, et al. (2022) also used a temporal prime in their only
experiment using lateral saccades. In other words, these three experi-
ments may be cases of explicit congruency effects (they are labeled as
such in Table 1). This leaves Grasso, Ziegler, Mirault, et al. (2022, exp.
3), Abbondanza et al. (2024, exp. 2), and Carmona et al. (2024, exp. 2)
as the only candidates for an implicit effect. Moreover, none of these
studies have been replicated, and there are hints that they could be
difficult to replicate. First, the lexical decision experiments provide
inconsistent evidence in the pseudoword condition, as discussed above.
Second, the effect found by Abbondanza et al. (2024, exp. 2) did not
replicate when irrelevant fillers were added to the materials (exp. 3).
Third, in a paradigm that is quite close to Carmona et al.’s (2024, exp.
2), Rolke et al. (2013) presented temporal words before a square whose
color was to be discriminated using left-right keypresses. In stark
contrast with the 84 ms effect observed by Carmona and colleagues, they
observed a tiny (though significant) implicit congruency effect of 5 ms

with visual presentation of the words, but then they could not replicate it
in several subsequent experiments using auditory presentation unless
attention was directed to the temporal meaning of the words (turning
the temporal dimension explicit).” Finally, none of the published ex-
periments in our target field of research has been preregistered and,
therefore, it is impossible to assess the influence of the large number of
experimenter’s degrees of freedom (Nosek et al., 2019; Simmons et al.,
2011). Thus, we will also consider here the possibility that the reports of
implicit effects are false positives (the false positive hypothesis hereafter).

Last, but not least, we will consider an additional possibility: that the
implicit congruency effect may be detected with a more sensitive mea-
sure. Reaction times index the end moment of a long processing chain. It
is possible that implicit congruency effects are fleeting and vanish soon
without leaving a trace in response time. Potentially useful measures
include mouse tracking and evoked potentials (ERPs), but the available
evidence is quite limited (see the General Discussion for studies using
other measures). There are no ERP studies using our target tasks, but
using more perceptual discriminations Li et al. (2019, 2023) found
congruency effects in ERPs in conditions where reaction times failed to
show them. Only two studies have examined space-time congruency
using mouse tracking, and they both used explicit conditions. Miles et al.
(2010) used a time judgement task and found a clear congruency effect
in mouse trajectories. Malyshevskaya et al. (2023) presented temporal
units (hours, weekdays, and months) after which participants moved the
mouse upwards to bisect a horizontal line, an apparently implicit task.
However, participants were asked to report which kind of time unit had
been presented at the end of 40 % of the trials, thereby increasing the

3 The reader may wonder why we do not further discuss here exp. 1 in Rolke
et al. (2013) as another case of an implicit congruency effect. As with exp. 1 in
Carmona et al. (2024), Rolke et al.’s (2013) experiments do not match the
definition of our target tasks: participants see word primes, but respond to the
color of a subsequent square. We will further discuss this study together with
other methodologies in the General Discussion section.
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relevance of time in the task. Even so, the evidence of lateral biases in
mouse trajectories linked to the early vs. late temporal reference of units
was mixed and inconsistent. The possibility that a more sensitive mea-
sure can capture the implicit congruency effect thus remains open. We
will call this possibility the measure sensitivity hypothesis hereafter.

All in all, available evidence provides a mixed picture regarding the
implicit lateral space-time congruency effect in single word processing
tasks. In the present paper we report on a long-lasting quest to test the
automatic activation of the left-right mental timeline using a single set
of inflected verbs and pseudoverbs in time judgement vs. lexical deci-
sion, with as little procedural variation as possible. This quest started
with Flumini and Santiago (2013). As Experiment 1, we here describe
the methods of this study in detail (which was reported as a proceedings
paper) because the following two experiments differed from it only in
key respects, and we offer an up-to-date statistical re-analysis of those
data that allows a close comparison to Experiments 2 and 3. Experiment
2 tested the measure sensitivity hypothesis by assessing mouse trajec-
tories in the two tasks of Experiment 1. Finally, Experiment 3 provides a
confirmatory test of the lateral movement hypothesis by conceptually
replicating the final prime-less experiment of Grasso, Ziegler, Mirault,
et al. (2022) with the present materials, a fully within-participant
design, longer lateral movements of the hand, high power, and
adequate methodological controls and open practices.

The first two experiments were carried out before the replication
crisis (Bakker et al., 2012; Toannidis, 2005; Open Science Collaboration,
2015) motivated the development of renovated guidelines for good
experimental practice (see, e.g., Munafo et al., 2017), and thus, sample
size was based on standard practice, there were not a priori power an-
alyses, hypotheses and analytical pipelines were not preregistered, and
so on. Therefore, they are explicitly reported here as exploratory at-
tempts (see Wagenmakers etal., 2012, for the distinction between
exploratory and confirmatory analyses). In contrast, the final experi-
ment was the result of careful a priori planning regarding statistical
power and sample size, and the hypotheses and analytical strategy were
preregistered (https://aspredicted.org/6na98.pdf). In order to reduce
the experimenter’s degrees of freedom when analyzing the prior
exploratory experiments, and to ease comparisons across studies, we
preprocessed and analyzed all experiments using the preregistered
criteria for the final experiment whenever possible. We did not update
their sample sizes by collecting more participants, but we report (not
preregistered) power analyses that allow us to assess their power to
detect what we considered at the moment of designing the final exper-
iment a smallest effect of theoretical interest (SESOI) in reaction time
research (10 ms), as well as two additional benchmarks: the effect sizes
detected by Grasso et al. (2022, exp. 3: 22 ms only in words) and
Abbondanza et al. (2024, exp. 2: 9 ms). We established the SESOI for our
final experiment based on extensive experience with the literature of
single word processing, including priming and congruency effects, in
which a 10 ms effect is usually considered to be a rather small effect. An
even smaller effect may be important if there is a theory that specifically
predicts an effect of that size, but this is not the case in the present
context. To provide direct empirical grounding for our choice of SESOI,
we examined the raw effect size of the explicit congruency effect be-
tween time and response side, whenever reported, of the single-word
studies in the explicit condition in Von Sobbe et al.’s (2019) meta-
analysis (Table 2). The average of 14 effect sizes was 60 ms (range
18-201 ms). The SESOI of 10 ms is thus 16.6 % of the average explicit
congruency effect, and it is smaller than the smallest explicit effect size.
After preregistering our final experiment (on 04/22/2022), Abbondanza
et al. (2024, exp. 2) observed a significant even smaller effect (9 ms), so
we also report not-preregistered analyses of this benchmark.

We also report equivalence analyses (Lakens, 2022; Lakens et al.,
2018) to assess whether the effect sizes observed here were significantly
smaller than those three benchmarks. We carried out additional (also
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Table 2

Raw effect sizes of congruency between temporal reference and response side in
explicit tasks in the studies included in the time-relevant condition of Von Sobbe
et al.’s (2019) meta-analysis (when available). E = Experiment.

Study Experiment Effect size (in ms)
Aguirre and Santiago (2017) El 146
Aguirre and Santiago (2017) E2 59
Bottini et al. (2015) Sighted 18
Bottini et al. (2015) Late blind 39
Bottini et al. (2015) Early blind 28
de la Vega et al. (2016) E 72
Ding et al. (2015) E1: near time 63
Eikmeier et al. (2015) Manual response 201
Kong and You (2011) El 45
Ouellet et al. (2012) E 35
Ouellet et al. (2010) Spanish natives 50
Ouellet et al. (2010) Hebrew natives 19
Santiago et al. (2007) E 42
Torralbo et al. (2006) E2 29
Mean 60

not preregistered) analyses using variants of the preregistered pipeline
aimed to show that the results do not depend on some specific decisions
(i.e., latency cut-offs).

Data availability

We disclose and publicly share all materials, programs, raw data, and
analysis scripts, which can be accessed at Open Science Framework
(https://osf.io/ep5nb). The hypotheses and analytical strategy of
Experiment 3 were preregistered (https://aspredicted.org/6na98.pdf).

Experiment 1 — Keypresses

Experiment 1 presented Spanish tensed verbs and pseudoverbs both
for an explicit temporal judgment and an implicit lexical decision with
bimanual left or right keypresses. Response latencies and accuracy were
measured. The experiment is here described closely following the text in
Flumini and Santiago (2013), but the data were re-analyzed following
the preregistered strategy for Experiment 3, using up-to-date statistical
techniques. Additional (not preregistered) analyses are also reported.

Method
Participants

Forty-eight psychology students from the University of Granada (6
males; age range 19-26 y.; 6 left-handed by self-report), all of them
native Spanish speakers with normal or corrected vision, participated for
course credit. All three experiments reported here are covered by reso-
lution n° 763, 12/12/2012, of the Research Ethics Committee of the
University of Granada. Participants were randomly assigned to two
equal groups: temporal judgment and lexical decision.

Materials

We selected 148 Spanish intransitive verbs (or with at least one very
common intransitive use). As Spanish allows subject dropping, single
conjugated intransitive verbs can stand as full, grammatically correct
sentences. The pseudoverbs were created by changing one letter of the
morphological stem of each verb, with the only constraint of resulting in
pronounceable sequences in Spanish (e.g., “dormir” — “to sleep” — was
changed to “dorpir”). Both the 148 verbs and 148 pseudoverbs were
conjugated in both the simple past perfect indicative and the simple
future indicative, with all six possible combinations of grammatical
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person and number almost equally represented over the whole set
(avoiding ambiguous forms such as “amamos” which means both “we
love” and “we loved”). This resulted in 592 experimental stimuli of four
types: past and future verbs, and past and future pseudoverbs. For
example, from the item “faltar/falbar” the following versions were
created: “faltd” (“he didn’t show up” — past verb), “faltard” (“he will not
show up” — future verb), “falbé” (past nonverb), “falbard” (future non-
verb). Each of these versions was randomly assigned to one of four
different lists and presented to different participants, thus avoiding
lemma repetition. Each list contained 37 items from each stimulus
condition (total 148 items). Direct control for factors such as frequency
and length was not required because the theoretically relevant effect
was the interaction between temporal reference and response hand
when participants processed the very same list of stimuli using the two
possible response/key mappings.

Procedure

Stimuli were presented at the center of a computer screen (Courier
New font, 38 points, lower case), black printed on white background.
Participants placed their left index finger on the Q key and their right
index finger on the 9 key of the numerical keypad (located to the right of
the typewriter keys) in a standard Spanish QWERTY keyboard. Each trial
began with the presentation of a central fixation cross (500 ms) followed
by the target verb or pseudoverb, which remained on the screen until a
response was made. Incorrect trials were followed by a 500 ms red up-
percase “X” at the same location of the stimulus plus a 1000 ms blank
screen. Correct trials were followed by a 1500 ms blank screen. Partic-
ipants in the explicit condition judged whether the target referred to
either the past or the future. Participants in the implicit condition
decided whether the target was a real Spanish verb or not.

In each task the same list of 148 items was presented twice in
different blocks of trials (with a two minutes break) to be responded to
using a different mapping of responses (past/future or word/pseudo-
word) to keys (left/right). The order of presentation of the two mappings
was counterbalanced over participants. Each block was preceded by a
four-trial training block with a different set of stimuli. The experiment
was programmed and run using E-prime 2.0.

Design and analysis

The main analyses followed the preregistered pipeline for Experi-
ment 3. Participants with more than 20 % errors were excluded. For the
analysis of latency, correct trials above 250 ms and below 1750 ms were
log-10 transformed. Predictors were dummy coded as —0.5 and 0.5 and
sum contrasts were used. Latency was analysed by means of linear mixed
models, and accuracy by means of generalized linear mixed models,
both using the R package Ime4 (Bates, Machler, et al., 2015). ANOVA-
tables and p-values were derived using the Anova() function of the
package ImerTest (Kuznetsova etal., 2017), using Type III sums of
squares. The mixed model analysis started with a maximal model
including the main effects and all interactions of Time (past vs. future),
Response (left vs. right), and Lexical Status (word vs. pseudoword), both
as fixed factors as well as random slopes, plus random intercepts per
participant and item. This maximal model was then simplified until
finding the model with the simplest random term that did not produce
neither convergence nor singular fit warnings, and did not lose a sig-
nificant amount of fit (Bates, Kliegl, et al., 2015; Matuschek et al., 2017).
Model comparison was based on the Akaike Information Criterion and
Wald #? tests using the function anova() of the R package car (Fox &
Weisberg, 2019). The supplementary analysis script at the OSF re-
pository details the process of model search and allows for a full repli-
cation of the analysis pipeline. The theoretically relevant effects were
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the two-way interaction between Time and Response, and the three-way
interaction between Time, Response, and Lexical status. If the former is
significant, and the latter is not, the space-time congruency effect is
replicated across both words and pseudowords. If the latter is signifi-
cant, the congruency effect is modulated by the lexical status of the
target. When reporting the results, we will only describe in the text the
theoretically relevant findings. All other results, including the full
output of the models, are provided as supplementary tables at the OSF
repository (see the document “Supplementary statistical results.doc™).

Three additional sets of analyses are reported. First, as the cut-offs
preregistered for Experiment 3 led to the exclusion of a slightly larger-
than-usual percentage of latencies in the time judgement task (see
below), we also analyzed latencies using a less conservative cut-off.
Second, we carried out computer simulations to assess the power of
the present design to detect three benchmark sizes of the space-time
congruency effect, expressed in raw values: a) a Smallest Effect Size of
Interest (SESOI) of 10 ms in both tasks; b) a 9 ms effect in the lexical
decision task, as observed by Abbondanza et al. (2024, exp. 2); and c) a
22 ms effect only in the word condition of the lexical decision task, as
observed by Grasso et al. (2022, exp. 3). The power for larger effect sizes
(as in Carmona et al., 2024, exp. 2) can only be larger than these
benchmarks. To this end, we followed the approach by Brysbaert and
Stevens (2018): we added a fixed amount to all congruent latencies until
reaching the effect size of interest, log-transformed them, analyzed them
using the same model previously selected as the most adequate to
describe the observed data set, and, using the simr package (Green &
MacLeod, 2016), carried out 1000 simulations of the data generated by
that model. We then computed the proportion of significant tests (the
power) and the 95 % confidence interval around it.

It is important to note that this approach allows a researcher to assess
statistical power after the completion of a study without falling in the
circularities of the analytical computation of post hoc power. Each
simulation generates the data set anew, randomly drawing numbers
from the distributions assumed by the model using the estimated pa-
rameters, including the matrix of variances and covariances. The
observed data thus provide the best guess about population values for
the parameters of the design. The simulated datasets match exactly the
design, including both the specific combinations at trial level of par-
ticipants, items, and conditions, as well as the deviations that result from
the actual running of the experiment (the missing trials due to errors or
outliers). Manipulating the size of a specific fixed effect within the
model (either by directly setting its beta value or by adding constants to
the raw data), while keeping all other model parameters as observed,
allows the use of simulations to estimate the power to detect that effect
size in complex designs for which there are not yet analytical solutions,
and whose parameters would be very difficult to estimate otherwise
(Arend & Schafer, 2019; Brysbaert & Stevens, 2018; DeBruine & Barr,
2021; Kumle et al., 2021; Westfall et al., 2014). Moreover, by manipu-
lating the data structure, simulations can also assess the impact on
power of increasing the number of participants and/or items, thereby
allowing the estimation of a priori power for future studies (Brysbaert &
Stevens, 2018; Green & MacLeod, 2016). This was the approach that we
took to establish the required sample size of Experiment 3, based on the
data obtained in Experiment 1.

Finally, we also report equivalence analyses (Lakens, 2022; Lakens
et al., 2018) to assess whether the observed theoretically relevant effects
in the lexical decision task are significantly smaller than the SESOI and
benchmark effect sizes (and any other larger effect). Using Null Hy-
pothesis Significance Testing it is impossible to assert the absence of an
effect (see also Harms & Lakens, 2018). Instead, we can claim that an
effect is statistically smaller than a Smallest Effect Size of Interest
(SESOI), and therefore it should be considered negligible or practically
zero. Equivalence tests are simple extensions of the logic of hypothesis
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testing, but the null hypothesis is that the observed effect is equal to the
SESOL* As with power, there are not well-established analytical pro-
cedures to test for equivalence within complex designs with random
factors, so we again opted for computer simulations. We used the same
models described above that generated the simulated data for the power
analyses for each benchmark, and computed 90 % confidence intervals®
around the estimates of the fixed effects of the model using boot-
strapping procedures (specifically, we used the R function confint.mer-
Mod() of package Ime4). If the closer-to-zero limit of the 90 % CI of the
estimate of the relevant effect for a given benchmark does not include
the observed estimate in the analysis of the original dataset, we can
claim that the latter is significantly smaller than that benchmark.

Results
Analysis pipeline preregistered for Experiment 3

No participant made more than 20 % errors. There were errors in 6.4
% of trials in temporal judgment and 5.2 % of trials in lexical decision.
The fixed cut-offs (250 ms and 1750 ms) left out 9.5 % of correct trials in
temporal judgement, and 2.1 % in lexical decision. As the proportion of
latencies removed in the explicit task seems slightly high, additional
analyses using a less conservative cut-off (2500 ms) are reported below.
Log-transformed latencies were independently analyzed for each task.

Time judgement. The space-time congruency effect (incongruent
minus congruent conditions) amounted to 21 ms (see Fig. 1). The
selected model for the analysis of latencies was (in R notation): logRT ~
Time*Response*Lex + (1 + Time + Lex|Subject) + (1 + Response|Item).
The interaction between Time and Response was significant (y%(1) =
15.46, p < .001), whereas the three-way interaction between Time,
Response, and Lexical status was not (;(2(1) = 0.21, p = .65). The
analysis of accuracy was based on the following model: ACC ~ Time-
*Response*Lex + (1 + Time|Subject) + (1|Item). Neither the two-way
(;(2(1) = 0.03, p = .87) nor the three-way interactions of interest
(2(1) = 1.92, p = .17) were significant. See Table S1 for full ANOVA
tables, and Tables S2 and S3 for the full output of the models, including
parameter estimations, standard errors, degrees of freedom, and p-
values.

Lexical decision. The congruency effect amounted to O ms (see Fig. 1).
The model for the latency analysis was: logRT ~ Time*Response*Lex +
(1 + Lex|Subject) + (1|Item). The congruency effect was not significant
(two-way interaction: )(2(1) = 0.33, p = .56) nor interacted with Lexical
Status (three-way interaction: ;(2(1) = 0.44, p = .51). The model for
accuracy was: ACC ~ Time*Response*Lex + (1 + Lex|Subject) + (1|
Item). No relevant interaction was significant (Time x Response: y%(1) =
2.77, p = .10; Time x Response x Lexical Status: )(2(1) =0.05, p = .82).
See Table S4 for full ANOVA tables, and Tables S5 and S6 for the full
output of the models.

Additional exploratory analyses

Latency analyses using an upper cut-off of 2500 ms. This cut-off led to
the removal of 1.8 % of correct trials in the time judgement task, and 0.2
% in the lexical decision task. The analysis pipeline was the same (see
the supplementary analysis script). The pattern of results did not change:

4 When the directionality of the effect is not known, a double test is used to
assess whether the observed effect is both significantly smaller than a positive
SESOI and larger than a negative SESOL In the present case, a negative effect
would mean that the latencies in the incongruent conditions are faster than in
the congruent conditions. Such reversed congruency effect would be clearly
diagnostic against the presence of a congruency effect, so we will focus only on
the hypotheses of finding a congruency effect that is smaller than each
benchmark.

5 Note that the test is one-sided, thus the 90% CI.
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there was a significant interaction between Response and Time in time
judgement (;(2(1) = 31.61, p < .001) but not in lexical decision (,(2(1) =
0.16, p = .69). The Time x Response x Lexical Status interaction was not
significant in any task (Time judgement: y?(1) = 0.98, p = .32; Lexical
decision: )(2(1) = 0.75, p = .38). Table S7 shows full ANOVA tables.

Power analysis. To compute the power of the present design to detect
the SESOI of 10 ms, we first brought the latencies to the SESOI by adding
a constant to all congruent latencies, then log-transformed and run 1000
simulations of the latencies using the model described above. In time
judgement, we decreased the congruency effect by adding 11.19 ms to
congruent latencies. The Response x Time interaction was significant in
53.8 % (95 % CI: [50.7, 56.9]) of the simulations. In lexical decision, the
congruency effect was increased to 10 ms by subtracting 10.1 ms to
congruent latencies. The simulations rendered a power of 50.1 % (95 %
CI: [46.7, 53.2]). Thus, neither task was properly powered to detect an
effect of 10 ms, and obviously, even less so for the smaller benchmark of
9 ms (the supplementary analysis script includes commands to carry out
this analysis). To measure the power to detect the benchmark of 22 ms in
words in the lexical decision task we followed the same procedure only
in the word condition: the congruency effect in words was —5 ms, so we
subtracted 27 ms from them. Simulations rendered a power of 80.0 %
(95 % CI: [77.38, 82.44]) to detect the Time x Response x Lexical Status
interaction, and a power of 82.5 % (95 % CI: [80.00, 84.81]) to detect
the Time x Response interaction. Therefore, the present design was well
powered to detect differing congruency effects in words and pseudo-
words as reported by Grasso, Ziegler, Mirault, et al. (2022) in their third
experiment.

Equivalence analysis of the lexical decision task. We compared the beta
value of the Time x Response interaction observed in lexical decision (f
= 0.002) with the 90 % confidence interval around the beta value ob-
tained in the analysis of the 9 ms benchmark ([-0.0145, —0.0002]). The
observed estimate fell outside that CI. In other words, the observed ef-
fect was significantly smaller than 9 ms (it actually had the opposite
sign), what implicates that it is also smaller than the SESOI of 10 ms. The
observed effect was also significantly smaller than the 22 ms benchmark
in words (the supplementary script provides code to compute this
equivalence analysis).

Discussion

In Experiment 1 we found a standard left-right space-time congru-
ency effect in time judgement: responses were faster in the congruent
than in the incongruent condition. This effect was not detected in the
implicit lexical decision task on the same materials. Neither in temporal
judgment nor in lexical decision, the effect was modulated by the lexi-
cality of the stimuli. Additional a posteriori analyses supported that the
present design was adequately powered to detect implicit effects of the
size reported by Grasso, Ziegler, Mirault, et al. (2022, exp. 3), and
therefore, also the larger effect reported by Carmona et al. (2024).
Moreover, we also showed that the observed implicit effect was signif-
icantly smaller than the 9 ms effect reported by Abbondanza et al. (2024,
exp. 2). The present study was not preregistered and, therefore, its
findings are exploratory (as all the prior relevant literature), but the
additional analyses suggest that it provides quite healthy evidence.
Thus, Experiment 1 joins a large number of studies (Aguirre & Santiago,
2017; Maienborn et al., 2015; Santiago et al., 2007; Ulrich & Maien-
born, 2010, among others) that suggest that a left-to-right mental time
line is activated in the explicit time judgement task, but not in the im-
plicit lexical decision task. We now turn to another not-preregistered
study using an on-line, potentially more sensitive measure: mouse
tracking.

Experiment 2 — Mouse trajectories

Experiment 2 used the same materials as in Experiment 1, but
changed the data collection technique. As well as latencies, we measured
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Fig. 1. Reaction times in Experiment 1 for time judgement and lexical decision tasks. Note. Reaction times are in ms. Error bars show + 1 SEM.

mouse trajectories using the MouseTracker Software Package (Freeman
& Ambady, 2010). Participants clicked on a square horizontally
centered at the lower part of the screen, and immediately a word or
pseudoword was presented at the center of the screen. The participant
judged either its temporal reference or lexical status by clicking on one
of two response boxes located at the upper left and right corners, moving
the mouse diagonally. MouseTracker recorded the stream of x-y co-
ordinates of participants’ mouse trajectories, allowing a precise char-
acterization of both the spatial and temporal dynamics of the responses.
Thus, we were able to observe the unfolding competition between
responses.

We focused on the following measures. MouseTracker provides two
temporal indexes: initiation time (from the click on the start button to
the beginning of the mouse movement; note that the click is followed by
the immediate presentation of the target string); and trajectory time
(from the click on the start button to the click on the selected response
box). Trajectory time thus corresponds to a standard reaction time (from
stimulus presentation to response), and we will call it reaction time
henceforth. Of special interest are the indexes of deviation of mouse
trajectories. The Area Under the Curve is the most sensitive (AUC; see
also Flumini et al., 2015): it is the area between the mouse trajectory and
an ideal straight line from the start button to the correct response box.
Any attraction toward the alternative response box will induce a devi-
ation of the mouse trajectory from this ideal straight line, generating an
area between them. The greater this area, the greater the competition
between responses. We analyzed temporal measures following the pre-
registered pipeline for Experiment 3 as much as possible, and trajectory
deviations following established practice, specifically the analysis de-
cisions in Miles et al., (2010), the only available mouse tracking study of
space-time congruency effects that is directly comparable to present
methods. Miles et al. (2010) used only a time judgement task. Here we
presented the same materials in both a time judgement and a lexical
decision task, allowing a direct comparison between explicit and im-
plicit procedures. If mouse tracking is more sensitive than reaction
times, it should detect the space-time congruency effect in both tasks,
thereby supporting the measure sensitivity hypothesis. As the mouse
movements had a lateral component (they crossed the screen diago-
nally), the present experiment also provides a partial test of the lateral
movement hypothesis, which makes the same predictions.

Method
Participants

Forty-eight Psychology students from the same population as in
Experiment 1 (6 male; age range 20-29 y.; 4 left-handed by self-report)
participated for course credit. Half of them were randomly assigned to
each task.

Materials and procedure.

Everything was kept as in Experiment 1, with the exception that
Mousetracker Software Package (Freeman & Ambady, 2010) was used to
collect mouse trajectories of participants’ responses. Individual trajec-
tories were rescaled to a standard coordinate space, and then normalized
into 101 time steps (Freeman & Ambady, 2010), using the utilities
included in the MouseTracker software package.

Participants sat 60 cm from the computer screen, with their domi-
nant hand placed over the mouse they found centrally positioned in
front of them. Two grey squares (without any text) were always dis-
played at the top corners of the screen as response alternatives. Each
trial began with the presentation of the start button (a grey rectangle at
the bottom center of the screen with the word “start”) which remained
on the screen until clicked. Without delay, the target stimulus appeared
at the center of the screen, and the participant moved the cursor to the
chosen response box on the top left or right corner and clicked on it. All
other details of the procedure and materials were as in Experiment 1.

Design and analysis

The design was the same as in Experiment 1, with four measures:
initiation time, reaction time, accuracy, and AUC. The accuracy and
latency measures were also analyzed following the same analysis strat-
egy as in Experiment 1 (see the supplementary script). AUC was
analyzed on the correct trials that had been selected to participate in the
analysis of latency (following Miles et al., 2010), also using linear mixed
models. We report the same set of additional analyses for reaction times
as in Experiment 1 (less conservative upper cut-off, and power and
equivalence for benchmark effects). As AUC showed a skewed distri-
bution, we also report additional non-parametric analyses. Finally, a
power analysis using simulations was also carried out for AUC.
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Results
Analysis pipeline preregistered for Experiment 3 plus analysis of AUC

No participant was excluded for having more than 20 % errors. The
exploration of initiation time (time from the click on the start button to
the beginning of mouse movement) showed that 71.8 % of trials had
latencies below 200 ms. This means that participants started moving the
mouse immediately, even before the target stimulus could be processed.
Thus, we did not analyze initiation time any further and focused instead
on reaction time (the time between the initial click and the final click on
one of the two response boxes). There were errors in 0.05 % of trials in
the time judgement task and 0.02 % in the lexical decision task. The 250
ms and 1750 ms cut-offs were increased in 50 ms because MouseTracker
is known to add that constant amount to latency measures (Freeman &
Ambady, 2010). These cut-offs left out 22.3 % of correct trials in time
judgement and 12.1 % in lexical decision. As these rejection percentages
are larger than usual practice, we report additional analyses using less
conservative cut-offs below. Finally, selected latencies were log-
transformed and independently analyzed for each task.

Time judgement. There was a 35 ms space—time congruency effect in
this task (Fig. 2). The selected model for reaction time was logRT ~
Time*Response*Lex + (1 + Time + Response|Subject) + (1|Item). There
was a significant Time x Response interaction ()(2(1) =31.98,p <.001),
which did not interact with Lexical Status ()(2(1) = 0.40, p = .53). Ac-
curacy was analyzed using the model ACC ~ Time*Response*Lex + (1
+ Time + Response + Lex|Subject) + (1|Item). None of the relevant
interactions was significant (Time x Response: ;(2(1) = 0.91, p = .34;
Time x Response x Lex: ;(2(1) = 0.41, p = .52). The model for AUC (see
Figs. 3 and 4) was AUC ~ Time*Response*Lex + (1 + Time + Response|
Subject) + (1 + Response|Item). The Time x Response interaction was
significant (%(1) = 15.20, p < .001) and it was not modified by Lexical
Status (;(2(1) = 1.47, p = .22). See Table S8 for full ANOVA tables, and
Tables S9-S11 for the full summary of the models.

Lexical decision. In this task, space-time congruency in reaction time
amounted to —0.3 ms (see Fig. 2). The model for latencies was logRT ~
Time*Response*Lex + (1 + Response + Lex|Subject) + (1|Item). No
relevant interaction reached significance (Time x Response: )(2(1) =
0.32, p = .57; Time x Response x Lex: y2(1) = 0.86, p = .36). The model
for accuracy was ACC ~ Time*Response*Lex + (1 + Lex|Subject) + (1
+ Response|Item). Again, the relevant interactions were not significant
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(Time x Response: )(2(1) = 0.13, p =.72; Time x Response x Lex: )(2(1) =
0.08,p =.77). AUC (Figs. 3 and 4) was analyzed using the model AUC ~
Time*Response*Lex + (1 + Response + Lex|Subject) + (1 + Response|
Item). It also failed to capture any of the relevant interactions (Time x
Response: ;(2(1) = 3.27, p = .07; Time x Response x Lex: ;(2(1) =0.33,p
= .57). Table S12 shows full ANOVA tables, and Tables S13-15 the full
output of the models.

Additional analyses for reaction time

Latency analyses using an upper cut-off of 2500 ms. The cut-offs were
set at 300 ms and 2550 ms to compensate for the constant extra 50 ms
added by MouseTracking (Freeman & Ambady, 2010). This led to
filtering out 0.06 % of correct trials in the time judgement task and 0.03
% in the lexical decision task. There were no changes in the pattern of
results, with a significant Time x Response interaction in the time
judgement task (y%(1) = 42.60, p < .001) and a non-significant inter-
action in lexical decision (,1/2(1) = 0.08, p = .77). The three-way inter-
action Time x Response x Lex was not significant in any task (Time
judgement: y*(1) = 1.52, p = .22; Lexical decision: y%(1) = 1.59, p =
.21). See Table S16 for full ANOVA tables.

Power analysis. Using the same procedure as in Experiment 1, the
design showed 24.50 % (95 % CI: [21.86, 27.29]) power to detect a 10
ms Time x Response interaction in the time judgement task. In lexical
decision, power was 36.90 % (95 % CI: [33.90, 39.98]). Power was
inadequate to detect an interaction of this effect size in both tasks.
Therefore, the power of the lexical decision task was even smaller to
detect the 9 ms benchmark (see supplementary script). The power to
detect a significant Time x Response x Lexical Status interaction after
increasing to 22 ms the congruency effect only in words was 46.30 %
(95 % CI: [43.17, 49.45]), and for the Time x Response interaction was
58.40 % (95 % CI: [55.27, 61.48]). Thus, the present design was also not
well powered to detect this benchmark.

Equivalence analysis of the lexical decision task. The observed beta
value ( = 0.0020) of the Time x Response interaction was not included
in the 90 % CI around the beta of the 9 ms effect ([-0.0105, 0.0010]).
This means that the observed congruency effect in lexical decision was
significantly smaller than the smallest benchmark, and thus also smaller
than the 10 ms SESOL The observed effect was also significantly smaller
than the 22 ms benchmark in words (the supplementary script also
provides code to compute this equivalence analysis).
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Fig. 2. Reaction time results in Experiment 2 in the time judgement and lexical decision tasks. Note. Reaction times are in ms. Error bars show + 1 SEM.
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Fig. 3. Area Under the Curve (AUC) results of Experiment 2 in the time judgement and lexical decision tasks. Note. Error bars show + 1 SEM.
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Fig. 4. Average mouse trajectories in Experiment 2 in the time judgement and
lexical decision tasks. Note. Trajectories are normalized both in space and time,
and rightward remapped.

Additional analyses for AUC.

AUC non-parametric analyses. As AUC had a skewed distribution, we
also carried out non-parametric analyses using the Wilcoxon test. AUCs
in congruent and incongruent trials were different in time judgement (V
=70, p = 0.02), but not in lexical decision (V = 157, p = 0.86).

Power analysis in the lexical decision task. Given the lack of prior
studies using mouse tracking in implicit space-time congruency tasks,
we set the target effect size of the interaction Time x Response equal to
the effect observed in the time judgement task (mean AUC = 0.13), a
value that closely replicated Miles et al. (2010). The obtained value in
the lexical decision task was —0.05, so we subtracted 0.18 from AUC in
all congruent trials. Simulations showed that the design had 99.90 %
(95 % CI: [99.44, 100.00]) power to detect a Time x Response interac-
tion of 0.13. If the target effect size is halved, the power comes down to
66.60 % (95 % CI: [63.58, 69.52]).

Discussion
Experiment 2 used the materials and tasks of Experiment 1 in the

context of a mouse tracking procedure. The main measure of interest
was the deviation of the mouse trajectories toward the alternative

response box under conditions of response-time congruency versus
incongruency. If mouse trajectories are a sensitive index of the on-line
process of response decision (Flumini etal,, 2015; Freeman &
Ambady, 2009, 2010), they should reveal an implicit congruency effect
that escapes reaction times. In contrast, Experiment 2 found the effect
only in time judgement, with the same size reported by Miles et al.
(2010). In lexical decision there were no traces of such interaction, even
though the present design was very well-powered to detect an interac-
tion of that size, and even had 66.6 % power to detect an interaction half
as large. Reaction times showed the same pattern: the congruency effect
was only present in time judgement, but not in lexical decision,
consistently with Experiment 1. However, latency measures were not as
well powered as in the prior experiment, probably because mouse click-
move-click responses increased random noise in the data. Even so,
equivalence analysis showed that the observed congruency effect in
lexical decision was significantly smaller than the smallest benchmark
(9 ms), suggesting that the effect was negligible.

Together, Experiments 1 and 2 provide consistent evidence, with two
measures of different sensitivity and using long movements with a
lateral component in the latter, against the existence of space-time
congruency effects in lexical decision of the sizes observed by Grasso,
Ziegler, Mirault, et al. (2022, exp. 3) and Abbondanza et al. (2024, exp.
2), and also of the larger effect observed by Carmona et al. (2024, exp. 2)
using a Stroop-like task. Thus, the prior two experiments fail to support
the predictions of the measure sensitivity hypothesis, and provide at
least a partial refutation of the lateral movement hypothesis. However,
as writing movements are horizontal, for a full test of the latter hy-
pothesis we need to use perfectly lateral movements. Importantly, none
of the two prior experiments were preregistered, and therefore, they
cannot be properly used to disconfirm any hypothesis at the 5 % alpha
level. Therefore, we carefully designed and preregistered Experiment 3.

Experiment 3 - Sideways Movement

Experiment 3 is a replication of the lexical decision task of Experi-
ment 1 with the only difference being the use of a lateral response. To
provide a stringent test of the lateral movement hypothesis, participants
performed a long lateral movement of a handle, either leftwards or
rightwards, until reaching the maximum length of the response appa-
ratus (see Fig. 5). A power analysis based on Experiment 1 ensured over
80 % power to detect the SESOI of 10 ms, and sample size, together with
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Fig. 5. Setup used in Experiment 3.

design, hypotheses, criteria for outlier exclusion, analysis pipeline,
stopping points, and basically, all experimenter degrees of freedom,
were preregistered before the beginning of data collection (see https://
aspredicted.org/6na98.pdf). This allows the present experiment to be
used for confirmatory testing of the hypothesis that, when lateral
movements are used, a space-time congruency effect arises in lexical
decision. This is the first confirmatory study reported on the automa-
ticity of the activation of the mental timeline in our target tasks.

Method
Participants

Sample size was estimated based on the power analysis of the
Response x Time interaction of Experiment 1 for the 10 ms SESOI (see
the preregistration). As described above, the power to detect that SESOIL
was 50.10 %. We then doubled the sample size to 48 participants and
run other 1000 simulations. In this case, 81.20 % (95 % CI: [78.64,
83.581)° of them rendered significant results. We finally increased the
sample an additional 24 participants. New simulations showed that,
with N = 72, the power to detect a 10 ms interaction was 93.10 % (95 %
CI: [91.35, 94.59]). To maximize efficiency in data collection we pre-
registered a sequential analysis strategy (Pocock, 1977; Wald, 1947; see
Lakens, 2014, for a tutorial): we divided alpha across two stopping
points. After 48 participants, we would test the effect of interest at o =
.03. If not significant, we would collect 24 more participants, and test

S The slight differences with the preregistered numbers are due to having
used a different random seed. We here report the results from the seed used in
the supplementary script, which should be perfectly reproducible.
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the effect again at @ = .02. This strategy allows incremental data
collection without corresponding increases in Type I error. However,
this strategy also comes with a slight reduction in power, so we run new
simulations at those sample sizes and alpha levels. At the first stopping
point, power reached 72.00 % (95 % CI: [69.11, 74.76]). At the second
stopping point, it was 86.40 % (95 % CI: [84.12, 88.46]). Power thus
remained at acceptable levels. Upon data collection, the interaction did
not reach significance at the first stopping point and we proceeded to the
second. Actually, we collected 76 participants (14 males; age range
18-29 y:, 7 left-handed by self-report), due to participant availability,
with the same characteristics as in prior experiments. We here report
analyses with the full sample. The supplementary script allows for
analysis at the first stopping point.

Materials and procedure

Everything was kept identical to Experiment 1, with the only
exception of the response apparatus. Participants moved the slider
leftwards or rightwards until reaching the end point to indicate whether
the stimulus was a word or a pseudoword. The handle returned auto-
matically to the center after each response.

Design and analysis

We preregistered independent analyses of starting time (from stim-
ulus presentation to the beginning of the movement of the slider) and
travelling time (from the beginning to the end of the lateral movement,
which we will call “end time” henceforth). Grasso, Ziegler, Mirault, et al.
(2022) used lateral movements of the mouse or a pen on a trackpad and
measured the reaction time from stimulus presentation until the
response reached a boundary located on the far left or right sides of the
screen. The analogous measure in the present study would be the
addition of starting time and end time. Thus, we also analyzed this total
reaction time measure in the additional exploratory analyses. Moreover,
Grasso, Ziegler, Mirault, et al. (2022) observed the implicit congruency
effect only in the word condition, so we report additional independent
analyses of words and pseudowords. The additional analyses also
include power and equivalence analyses of the smaller benchmarks: the
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Fig. 6. Results of Experiment 3 in the start reaction time measure of the lexical
decision task. Note. Error bars show + 1 SEM.
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10 ms SESOI and the 9 ms congruency effect found by Abbondanza et al.
(2024).

Results
Preregistered analysis pipeline

One participant was filtered out because of having more than 20 %
errors. Thus, final sample size was 75. There were errors on 7.1 % of
trials. Correct trials with start time below 250 ms and above 1750 ms
(3.7 %) were removed. As this proportion is within normal practice, we
did not carry out additional analyses with less conservative cut-offs.
Remaining latencies were log-transformed. Latency and accuracy were
analyzed by means of mixed models as detailed in Experiment 1.

The Time x Response interaction in starting time amounted to 4 ms
(see Fig. 6). The selected model was logRTStart ~ Time*Response*Lex +
(1 + Response + Lex|Subject) + (1|Item). The effect approached, but did
not reach, the alpha level preregistered for the second stopping point
(;(2(1) = 5.16, p = .023). The three-way interaction with Lexical Status
was not significant (y?(1) = 0.27, p = .60). The congruency effect on end
time was 0 ms. The model was logRTEnd ~ Time*Response*Lex + (1 +
Response|Subject) + (1|Item). None of the relevant interactions were
significant (Time x Response: ;(2(1) = 0.85, p = .36; Time x Response x
Lexical Status: y2(1) = 0.58, p = .44). Accuracy was analyzed with the
model ACC ~ Time*Response*Lex + (1 + Lex|Subject) + (1|Item).
Again, no relevant interaction reached significance (Time x Response:
)(2(1) =1.32, p = .25; Time x Response x Lexical Status: )(2(1) =1.93,p
=.16). See Table S17 for ANOVA tables, and Tables S18-20 for the full
output of the models.

Additional exploratory analyses

Total reaction time. For better comparison with Grasso, Ziegler, Mir-
ault, et al. (2022), we analyzed total reaction time (starting time plus
end time) in both the full dataset and separately for words and pseu-
dowords (although this analysis was not warranted due to the lack of a
significant three-way interaction). The size of the Time x Response
interaction in this measure was 4 ms (5 ms in words and 3 ms in pseu-
dowords). The full dataset was analyzed using the model logRT ~
Time*Response*Lex + (1 + Response + Lex|Subject) + (1|Item). The
congruency effect was clearly above the preregistered level (@ = 0.02)
for the second stopping point (42(1) = 3.79, p = .052). Its interaction
with Lexical Status was non-significant (;(2(1) = 0.002, p = .97). The
subset of words was analyzed with the model logRT ~ Time*Response +
(1 + Response|Subject) + (1|Item). The Time x Response interaction
was not significant (42(1) = 1.93, p = .17). Pseudowords were analyzed
using the model logRT ~ Time*Response + (1 + Response|Subject) +
(1|Item). Again, the interaction was not significant (;(2(1) =1.64,p =
.20). See Table S21 for full ANOVA tables, and Tables S22-24 for the full
output of the models.

Starting reaction time separately for words and pseudowords. For
completeness, starting reaction time was also analyzed separately for
words and pseudowords. The congruency effect in words was 3 ms, and
in pseudowords was 5 ms and did not reach significance in any subset
(Words:;(z(l) =1.43,p=.23; Pseudowords:;{z(l) =3.71,p =.054). See
Tables S25-27.

Power analyses for benchmark effects. The power of the present design
to detect a 9 ms congruency effect in starting time using alpha = .02 was
98.00 % (95 % CI: [96.93, 98.77]). Its power in total reaction time was
90.50 % (5 % CI: [88.51, 92.25]). Thus, Experiment 3 was very well
powered to detect a 9 ms congruency effect and, therefore, also larger
effects. The supplementary script provides code to carry out power
simulations for the 10 ms SESOI in both starting time and total reaction
time using the whole set of stimuli as well as only the subset of words.
Halving the dataset reduced power, but only in the total reaction time
measure power was below 80 % (66.70 %, 95 % CI: [63.68, 69.62]). This
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is probably because end time is much less sensitive to processes that
occur during response planning (as suggested by the independent ana-
lyses of starting and end time reported above), and adding it to starting
reaction time only contributes some random noise. However, the design
was very well powered to detect the 22 ms effect observed by Grasso,
Ziegler, Mirault, et al. (2024) in words in total reaction time (100.0 %,
95 % CI = [99.63, 100.0]).

Power analysis for the observed 4 ms congruency effect in starting time
using the whole dataset at a standard significance level of.05. At both
stopping points, the observed space-time congruency effect in the full
item set approached the preregistered alpha levels, but did not reach
them, thereby not qualifying to be claimed as significant. However, in
both cases, the effect was below the standard 0.05 significance level. As
an exploratory analysis, being aware that we are using here an alpha
level that is unduly relaxed, we wanted to know what would be the
power of the present design with the 75 participants sample to detect the
observed 4 ms effect in starting time (the most sensitive measure) at a
standard alpha level of 0.05. Simulations showed that power was 62.00
% (95 % CI: [58.91, 65.02]), well below the conventionally accepted 80
% level.

Equivalence analyses. In the analysis of starting time using the full
dataset (words and pseudowords), the beta value observed for the Time
x Response interaction was f§ = -0.0058. In the same analysis after
bringing the latencies to the 9 ms benchmark, beta was —0.0111, with a
90 % CI = [-0.0154, —0.0069]. The observed beta is outside the 9 ms
beta CI. Same results were found in the analysis of total reaction time
(observed f = -0.0042, 9 ms g = -0.0079, 90 % CI = [-0.0114,
—0.0044]). Thus, the observed effect was significantly closer to zero
than the smallest benchmark, the 9 ms effect found by Abbondanza et al.
(2024), even smaller that our preestablished SESOI of 10 ms. When
using only the subset of words, the observed 5 ms effect (§ = -0.0040)
was not outside the 90 % CI around the 10 ms effect (f = -0.0080, 90 %
CI = [-0.0127, —0.0032]), but it fell outside the 90 % CI around the 22
ms effect (f for the 21.5 effect in words = -0.0167; 90 % CI = [-0.0215,
—0.0120]) observed by Grasso, Ziegler, Mirault, et al. (2022, exp.3). The
supplementary script provides code for computing additional equiva-
lence analyses.

Discussion

Experiment 3 used an implicit task, lexical decision, to test whether
long sideways movements are able to produce the automatic activation
of the lateral mental timeline. The experiment was preregistered and
well-powered, and therefore, it provided a confirmatory test of the
lateral movement hypothesis. The results were clear: there was a 4 ms
space-time congruency effect in the latency between stimulus and
movement start, and a virtually zero effect in the travelling time from
movement start to end. The former effect approached, but did not reach
significance, at any of the two preregistered sequential stopping points.
Additional exploratory analyses also failed to observe the effect in total
reaction time (the sum of start and end time, which is analogous to the
measure used by Grasso, Ziegler, Mirault, et al., 2022). In no measure
there was a significant interaction of the congruency effect with lexical
status, but for the sake of comparison with Grasso, Ziegler, Mirault, et al.
(2022, exp. 3), who observed the effect only in words, additional
exploratory analyses showed that the effect was absent both in words
and pseudowords. Power analyses (using the preregistered 2 % alpha for
the second stopping point) showed that the design was well powered to
detect the smallest benchmark (the 9 ms effect observed by Abbondanza
et al., 2024), even smaller than our preestablished SESOI of 10 ms, both
in starting and in total reaction time when using the full set of materials.
When only words were included, the design was well-powered to detect
the 10 ms SESOI in starting reaction time, but not in total reaction time.
However, it was very well-powered to detect the 22 ms effect in words in
total reaction time observed by Grasso, Ziegler, Mirault, et al. (2022,
exp. 3).
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Moreover, the observed (non-significant) congruency effects were
significantly smaller than the smallest 9 ms benchmark in both starting
and total reaction time when using the full set of materials, and also in
starting time when using only words. In total reaction time, it was
significantly smaller than the 22 ms effect observed by Grasso, Ziegler,
Mirault, et al. (2022, exp. 3). Finally, an exploratory power analysis with
the whole 75 participants sample and assuming the standard 5 % alpha
level showed that power was only 62.00 % (95 % CI: [58.91, 65.02]).
That is, if repeated identically with only one stopping point at N = 75,
the present study would find a significant effect only 62 % of the time, in
spite of the increase in Type I error that this power analysis implies.

All in all, we can conclude that the present experiment provides
strong evidence against the existence of a 22 ms space-time congruency
effect in word stimuli in a lexical decision task (as observed by Grasso,
Ziegler, Mirault, et al. (2022, exp. 3), against the existence of a SESOI of
10 ms when pooling both words and pseudowords, and even against the
existence of a 9 ms effect in the full set of materials (as observed by
Abbondanza et al. 2024, exp. 2). This also casts strong doubts about the
existence of an 84 ms effect in Stroop-like tasks as reported by Carmona
et al. (2024). In other words, the implicit congruency effect should be
considered negligible.

General Discussion

Can the left-right mental time-line be activated automatically? We
examined this question focusing on the space-time congruency effect in
tasks that require fast decisions to single words about dimensions of the
stimulus other than their temporal reference, thus making time an im-
plicit dimension of the task. Against a background of reports failing to
find such effects (Aguirre & Santiago, 2017; Flumini & Santiago, 2013;
Maienborn et al., 2015; Ulrich et al., 2012; Ulrich & Maienborn, 2010,
see Introduction), three recent experiments have observed the implicit
congruency effect, two of them in lexical decision (Abbondanza et al.,
2024, exp. 2; Grasso, Ziegler, Mirault, et al., 2022, exp. 3) and one in a
Stroop-like task (Carmona et al., 2024, exp. 2). The latter joins evidence
by Rolke et al. (2013, exp. 1) in a similar task without direct responding
to the linguistic stimulus, but to the color of a subsequent square. In this
context, it would seem that the evidence is accruing on the side of the
existence of an automatic space-time congruency effect in word pro-
cessing tasks.

In the present study we tested the automaticity of the space-time
congruency effect by means of lexical decision tasks in which both words
and pseudowords carried temporal inflections. We also tested two po-
tential moderators: the sensitivity of the measure and the use of long
sideways movements as responses. We aimed to assess not only the
presence of the effect, but also whether its size significantly differs from
a Smallest Effect Size of Interest (SESOI), which we established at 10 ms
based on prior reports and extensive experience in this field of research.
Moreover, we also compared the observed effect with two benchmarks:
the effect sizes reported by Grasso, Ziegler, Mirault, et al. (2022, exp. 3:
22 ms in the subset of words) and Abbondanza et al. (2024, exp. 2: 9 ms
pooling words and pseudowords). We also assessed whether the present
findings were adequately powered. We hereby reported two not-
preregistered (thus, exploratory) studies using reaction time and
mouse tracking, and the first preregistered (https://aspredicted.org/
6na98.pdf), confirmatory study in this field of research, which secured
high power and a 5 % Type I error. Importantly, we offer all materials,
programs, raw data, analysis scripts, and detailed output tables as
publicly available supplementary materials at OSF (https://osf.
io/ep5nb).

The first two studies were exploratory, with sample sizes established
following the standards that were usual before the advent of the repli-
cation crisis in psychology. We set the stage by reporting in detail and
with up-to-date statistical analyses the study by Flumini and Santiago
(2013), which was a proceedings paper. This study compared an explicit
(time judgement) and an implicit (lexical decision) task. The congruency
effect arose in the explicit, but not in the implicit task. Moreover, the
observed (non-significant) effect in lexical decision was significantly
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smaller than the smallest benchmark. Computer simulations indicated
that the design was not adequately powered to detect the 10 ms SESOI
(and less the 9 ms benchmark), but it was well-powered to detect the 22
ms effect observed by Grasso, Ziegler, Mirault, et al. (2022) in words.

Experiment 2, also exploratory, assessed both reaction times and
mouse trajectories to test the possibility that a more sensitive measure
might detect the implicit effect. Mouse tracking is able to reveal the on-
line accumulation of evidence for the finally selected response in a way
that reaction time is not (see, e.g., Freeman & Ambady, 2009). The
pattern of results was identical to Experiment 1, in both measures: a
clear congruency effect in time judgement and a non-significant effect in
lexical decision. There are no prior reports to serve as benchmarks for
the implicit effect size in mouse deviations, so we compared it to the
explicit effect size: the (non-significant) implicit effect was significantly
smaller. The design was highly powered to detect an effect of the size of
the explicit effect in mouse trajectories, and even had 66.6 % power to
detect an effect half that size. The (non-significant) implicit effect in
reaction time was also significantly smaller than the 9 ms benchmark,
although the design was not adequately powered to detect even the 22
ms benchmark, probably because of the added noise due to mouse re-
sponses. Thus, mouse tracking also failed to detect the implicit con-
gruency effect. It is an open question whether even more sensitive
measures, such as ERPs, might suceed.

Although the first two experiments provided quite healthy evidence
for a negligible implicit effect in reaction time (Experiments 1 and 2) and
mouse trajectories (Experiment 2), their main problem is their explor-
atory nature. Lacking a detailed preregistration, it is impossible to know
what role played the flexibility in experimenter choices in obtaining the
results (Nosek etal., 2019; Wagenmakers etal., 2012). We tried to
minimize this problem by following the preregistered plan for Experi-
ment 3 as much as possible when analyzing Experiments 1 and 2, but
this is not enough to secure that the findings meet the conventional 5 %
Type I error level. This problem plagues psychology, and biomedical
sciences in general, and together with publication bias, it is considered a
chief cause of the lack of reproducibility of most published studies
(loannidis, 2005; Open Science Collaboration, 2015; Simmons et al.,
2011).

Therefore, Experiment 3 was designed strictly adhering to current
guidelines for good scientific practice (Munafo et al., 2017) to provide a
confirmatory test of the implicit space-time congruency effect in lexical
decision, under conditions that have been suggested to increase the
possibility of finding it: using long sideways movements as responses
(Grasso, Ziegler, Mirault, et al., 2022). We carried out an a priori power
analysis based on Experiment 1 (which only differed in the kind of
response) to secure high power to detect a SESOI of 10 ms and estab-
lished a sequential analysis strategy with two stopping points, dividing
the alpha between them to maintain Type I error at 5 % (we also checked
that a priori power remained high at these two stopping points, and a
posteriori analyses corroborated this point). The study was preregistered
and we reported here the results making a clear distinction between
confirmatory and exploratory analyses. Preregistered analyses revealed
a small congruency effect (4 ms) in the time to start the response, that
was non-significant at either of the stopping points at the adjusted alpha
levels. Moreover, additional exploratory analyses confirmed that the
study was highly powered to detect even the smallest benchmark (9 ms).
Additional exploratory analyses also assessed the significance, power
and equivalence of the measure of total reaction time, which corre-
sponds more closely to the measure used by Grasso, Ziegler, Mirault,
etal. (2022), and provided independent analyses of the subsets of words
and pseudowords (as Grasso and colleagues found the effect only in
words). Power was high and the effect was significantly smaller than 9
ms in the full item set, and smaller than the effect observed by Grasso,
Ziegler, Mirault, et al. (2022) in the subset of words. Finally, we checked
the power of the present design to detect the observed effect size (4 ms)
with the full sample at a conventional 5 % alpha, even though this im-
plies that Type I error is probably higher than 5 %. The probability of
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finding a significant effect in identical repetitions of this study was only
62 %, well below the conventionally accepted level (80 %).

All in all, using Null Hypothesis Testing nobody can rule out the
possibility that there truly is a very small automatic space-time con-
gruency effect in lexical decision. But we can claim with a 5 % Type I
error rate that such effect, if it exists, is smaller than 9 ms (even smaller
that our preregistered SESOI of 10 ms), and we thus suggest that it can
be considered negligible.

Is it possible to find implicit space-time congruency effects in language
processing tasks?

There are two other lines of inquiry that have shown what appear
implicit effects in the processing of linguistic materials with a semantic
connection with time. It is our contention that these effects occur
because the task favours the simultaneous activation of space and time
by either requiring them or increasing their saliency. As proposed by the
Coherent Working Models theory (Santiago et al., 2011, 2012; Torralbo
et al., 2006), when participants carry out any task, they set up a mental
model of the task in working memory, and the elements of this mental
model enter into coherence interactions among them. These interactions
are responsible for the observed congruency effects, as an incongruent
model is less coherent than a congruent model. Frequently used models
tend to be stored in long term memory and tend to be re-used depending
on prior practice. Reading and writing experiences lead to the creation
of models in which the contents of the story are placed in accordance
with the direction of the script (Roman et al., 2013, 2015, 2018). As
earlier events tend to be mentioned before later events, the lateral
dimension gets associated with sequences of events and the passage of
time, although the association is far from perfect (Roman et al., 2018;
see also Maass et al., 2014, for a similar reasoning). This association is
especially clear in the case of conventional sequences, such as numbers,
weekdays, months, or the alphabet. This leads to the expectation that
sentences and words can activate time to the degree that they bring time
to mind. In other words, our suggestion is that a space-time congruency
effect will not arise unless both dimensions are simultaneously activated
in the working model of the task.

This account is consistent with the fact that some studies that assess
the processing of units of highly practiced ordered sequences have found
implicit effects (see Gevers et al., 2003, 2004, for weekday, months, and
the alphabet; see also Dodd et al., 2008, for additional evidence). The
extreme case is the counting sequence. Since first reported by Dehaene
et al. (1993), it is now very well established that numbers are able to
generate interactions with left and right keypresses in implicit tasks such
as parity judgement (i.e., discriminating odd and even using left and
right responses; see Fischer & Shaki, 2014, for a review). However, even
in the case of numbers there is strong debate regarding whether the
implicit effect vanishes when space is not relevant to the task in any way
(Cleland et al., 2019; Colling et al., 2020; Miklashevsky et al., 2022;
Pellegrino et al., 2019; Pinto et al., 2019, 2021; Salvaggio et al., 2022).
Another clear case is provided by tasks in which participants are
required to retrieve a just learned sequence of items in the same order
and respond with left and right keypresses (Previtali et al., 2010; see
Abrahamse et al., 2017, for a review). As long as both space and order
(which is a central element of time) are kept simultaneously in the
working model of the task, they can influence each other.

The study by Sell and Kaschak (2011) is revealing in the present
context. They presented sentences describing two events in a sensicality
task using front-back responses, and observed a significant congruency
effect only when a) the response was a long movement of the hand, and
b) the interval between the first and second events was one month, but
not one day (see Scheifele et al., 2018, for a replication). That long
movements are, all by themselves, key to observe the effect has been
ruled out for sentences (Maienborn et al., 2015; Ulrich et al., 2012) and
by present results for single words (Experiment 3). Maienborn et al.
(2015) also ruled out the need to impose stronger language processing
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demands. In our view, this set of studies suggests that time is not easily
activated from linguistic descriptions of events, unless a) there are two
or more events to be ordered, b) their temporal sequence is emphasized
(e.g., by having a long interval between them), and c) the spatial
dimension is also emphasized (e.g., by using long movements). This is
consistent with the eye tracking study by Stocker et al. (2016), who
found evidence of spatial activation when participants listened to se-
quences of two events. Several aspects of the findings suggest that the
effect was weak, plus there was no effect on lateral saccades. As also
suggested by Stocker et al. (2016), it is possible that the paradigm did
not get to activate time strongly enough. When Hartmann et al. (2014)
asked participants to time travel to a year in the past or in the future,
they found clear effects on both sagittal and lateral saccades.

Regarding single words, several studies have shown that temporal
primes can influence subsequent spatial tasks when their temporal
meaning must be held in mind during the trial (for different procedures
to activate the temporal meaning of the primes see Ouellet et al., 2010,
Rolke et al., 2013, exp. 4, Ding et al., 2020, exp. 2, or Weger and Pratt
2008, exp. 2). We believe that something similar may happen when
prime temporal words are presented before targets without instructions
to focus on their temporal meaning, as in Grasso, Ziegler, Mirault, et al.
(2022, exps. 1 and 2), Grasso, Ziegler, Coull, et al. (2022), or Rolke et al.
(2013, exp. 1). As the primes are fully visible, the participants may
wonder what is their utility in the task, realize that they differ in tem-
poral reference, and strategically decide to activate time. Participants
may also strategically use any available cue (including temporal refer-
ence) when they are asked to “just choose any response” to temporal
words (Ding et al., 2020; Kranjec & McDonough, 2011) or to carry out
difficult perceptual judgements on the temporal words (such as word
loudness; Lakens et al., 2011). If this is so, it is to be expected that these
congruency effects should be difficult to replicate, but the lack of rep-
lications and the bias to publish only significant results may generate a
distorted picture. Note that the use of this strategy is less likely when a
single stimulus is presented to carry out an ostensively clear task with it
(e.g., lexical decision), and this is why we have focused in the present
study on such experimental paradigm.

In this context, it is relevant to mention the congruency effect that
was observed by Carmona et al. (2024, exp. 1) when they asked par-
ticipants to judge the temporal reference of words presented sublimi-
nally. Although the task is clearly time relevant, the subconcious
processing of the words makes it qualify as a time irrelevant condition.
Unfortunately, several concerns arise about the interpretation of the
subliminal condition in Carmona et al. (2024, exp. 1). First, the con-
gruency effect failed to interact with the visibility of the words (i.e.,
visible words produced a congruency effect of the same size). Second, it
is difficult to understand on what basis the participants were taking their
decision if they could not see the words. Subliminal words were
responded to only 43 ms slower than unmasked words, what is not
consistent with a guessing strategy. Accuracy data could be revealing,
but they were not reported. Their raw data (which were asserted to be
openly available at OSF) required permission for access. After several
months, we have not yet received response to our request. Pending more
information, we prefer to set this study momentarily aside in the debate.

It follows from our argument that there is no space-time congruency
effect in fully implicit language processing tasks such as lexical decision
or single sentence sensicality judgements because temporal reference is
not automatically accessed from these materials, unless it is boosted
somehow. Temporal reference is definitely not necessary to discriminate
aword from a pseudoword (much less when both are inflected for tense),
nor to judge whether a sentence is plausible or not.

To conclude, we here report two exploratory studies (using reaction
time and mouse tracking) and one confirmatory study (to our knowl-
edge, the first in this field) that show that space and time do not
significantly interact in lexical decision, even when long sideways
movements are used as response. There remains the possibility that
there is a very small implicit effect in reaction times, but we can claim
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with 95 % confidence that such effect is smaller than 9 ms, a size we
consider to be negligible. The implicit congruency effect might be found
using measures even more sensitive than reaction time and mouse tra-
jectories, but the evidence accrued so far is consistent with the claim that
time is not activated automatically in implicit tasks with linguistic ma-
terials unless it is somehow boosted, and that space-time congruency
effects arise only when both space and time are included in the working
model of the task.
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