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No evidence of fast mapping in healthy adults using an implicit memory
measure: failures to replicate the lexical competition results of Coutanche
and Thompson-Schill (2014)
Kshipra Gurunandana,b, Elisa Coopera, Roni Tibona,c, Richard N. Hensona,d and Andrea Grevea

aMedical Research Council Cognition and Brain Sciences Unit, University of Cambridge, Cambridge, UK; bBasque Center on Cognition,
Brain and Language, Donostia-San Sebastián, Spain; cSchool of Psychology, University of Nottingham, Nottingham, UK; dDepartment of
Psychiatry, University of Cambridge, Cambridge, UK

ABSTRACT
Fast mapping (FM) is a hypothetical, incidental learning process that allows rapid acquisition of
new words. Using an implicit reaction time measure in a FM paradigm, Coutanche and
Thompson-Schill (Coutanche, M. N., & Thompson-Schill, S. L. (2014). Fast mapping rapidly
integrates information into existing memory networks. Journal of Experimental Psychology:
General, 143(6), 2296–2303. https://doi.org/10.1037/xge0000020) showed evidence of lexical
competition within 10 min of non-words being learned as names of unknown items,
consistent with same-day lexicalisation. Here, Experiment 1 was a methodological replication
(N = 28/group) that found no evidence of this RT competition effect. Instead, a post-hoc
analysis suggested evidence of semantic priming. Experiment 2 (N = 60/group, online study,
pre-registered on OSF) tested whether semantic priming remained when making the
stimulus set fully counterbalanced. No evidence for either lexical competition nor semantic
priming was detected. Experiment 3 (n = 64, online study, pre-registered on OSF) tested
whether referent (a)typicality boosted lexical competition (Coutanche, M. N., & Koch,
G. E. (2017). Variation across individuals and items determine learning outcomes from fast
mapping. Neuropsychologia, 106, 187–193. https://doi.org/10.1016/j.neuropsychologia.2017.
09.029), but again no evidence of lexical competition was observed, and Bayes Factors for
the data combined across all three experiments supported the hypothesis that there is no
effect of lexical competition under FM conditions. These results, together with our previous
work, question whether fast mapping exists in healthy adults, at least using this specific FM
paradigm.
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Fast mapping (FM) was a concept originally introduced to
explain rapid vocabulary acquisition in infants (e.g., Carey,
1978; Carey & Bartlett, 1978). While the concept is still a
matter of debate (see Carey, 2010; O’Connor et al., 2019;
O’Connor & Riggs, 2019), there has been additional
recent debate about whether FM also exists in adults
(see Cooper et al., 2019a, and associated commentaries).
This debate was triggered largely by a specific FM para-
digm introduced by Sharon et al. (2011), which was
designed to resemble infant vocabulary learning, with inci-
dental learning of a new item via a deductive inference in
the presence of a known item. More specifically, partici-
pants in this paradigm are presented with two pictures,
one depicting an unfamiliar item and the other depicting
a semantically-related known item, and asked a yes/no

question concerning the name of the unfamiliar item. To
answer the question, participants must deduce that the
name applies to the unfamiliar item by comparing the
two items (see ahead to Figure 1 for an example). Partici-
pants are typically not informed that their memory for
the name of the unfamiliar item will be tested later. In a
control condition – the episodic encoding (EE) condition
– participants are presented with a single unfamiliar item
and its name, and instructed simply to remember the
name. In both conditions, after a delay (e.g., 10 min or
24 h), participants perform a three-alternative-forced-
choice (3AFC) recognition memory task, which requires
them to choose a picture that matches the name (a test
of “explicit”, or “declarative”, memory; Schacter &
Tulving, 1994). Sharon et al. (2011) ran this paradigm on
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healthy adults and four patients with amnesia following
medial temporal lobe damage. Their findings were striking:
whereas patients performed worse than controls on the EE
condition, as expected given their amnesia, they per-
formed as well as controls on the FM condition, across
both 10-minute and 24-hour retention intervals. In other
words, the FM paradigm had recovered the patients’
memory performance to that of controls.

This finding is not only practically important, e.g., for
rehabilitation, but also theoretically important. The latter
is because most neuroscientific theories of declarative
memory propose that the hippocampus is initially respon-
sible for storing new information, and only after a period of
consolidation does this responsibility shift to the cortex for
longer-term retention (McKenzie & Eichenbaum, 2011;
Norman & O’Reilly, 2003; Squire & Bayley, 2007). Because
the hippocampus was damaged in Sharon et al.’s patients,
their intact performance in the FM condition, even after
10 min, suggests that sometimes new declarative infor-
mation can be encoded in the cortex directly (and
retrieved explicitly). This led to the concept of fast cortical
mapping (FCM).

Subsequent to the Sharon et al.’s (2011) study, there
have been several attempts to replicate the FCM benefit
for individuals with amnesia. An experiment from the
same lab as Sharon et al. (2011), but with three new
patients (Experiment 2 in Merhav et al., 2014), replicated
the patients’ intact memory performance in the FM con-
dition and impaired performance in the EE condition, but
only when there was no interference between object-
names (FM performance collapsed if objects were re-
paired with new names). However, other studies failed to
replicate Sharon et al.’s results in adults with acquired
amnesia (Cooper et al., 2019a; Smith et al., 2014), or in

individuals with developmental amnesia (Elward et al.,
2019); nor was evidence of an FM benefit found in adults
with amnesia when using a different FM procedure
(Warren et al., 2016; Warren & Duff, 2014).

Using healthy participants, we previously found no
interaction between Sharon et al.’s FM and EE conditions
in older relative to younger participants, despite MRI-
confirmation of smaller hippocampal volumes in the
older group (Greve et al., 2014). However, other studies
with healthy controls have found that various manipula-
tions affect FM and EE performance differently, such as
the level of interference (Merhav et al., 2014), effects of
sleep (Himmer et al., 2017), and retention interval and
prior knowledge (Li et al., 2020). Nonetheless, one result
that has been found consistently across all studies is that
performance in the FM condition never exceeds that in
the EE condition, i.e., there is currently no evidence of
FM providing a memory advantage in healthy populations
using explicit memory tests (see also Cooper et al.,
2019b).1 Sharon et al. (2011) explained this by an intact,
hippocampal episodic memory system over-shadowing
any fast cortical learning.

However, there is one situation where a memory advan-
tage of FM over EE has been reported in healthy adults,
namely when using implicit tests of memory, rather than
the explicit tests used in all the studies cited above. The
neural mechanisms that support implicit (non-declarative)
memory, like priming, are thought not to require the hip-
pocampus, even for new associations like object-names
(e.g., Goshen-Gottstein et al., 2000). In two experiments
using an implicit measure based on response times (RTs)
to make a semantic decision, Coutanche and Thompson-
Schill (2014) reported evidence of learning in FM but not
EE conditions. Their RT measure was claimed to index

Figure 1. Experimental procedure for all three experiments. The study phase consisted of six between-participant conditions: Experiment 1 tested con-
ditions FM (fast mapping) and EE (explicit encoding) with natural stimuli, Experiment 2 tested conditions FM, EE and FM-r (FM without referent) with both
natural and man-made stimuli, and Experiment 3 tested only the FM condition with both natural and man-made stimuli, and varied the typicality of the
referents within-participant. Assignment of stimuli to condition was counterbalanced across participants within each experiment. In FM and FM-r study
conditions, names were to be incidentally associated with the unknown pictures. Key prompts for “yes”/“no” were displayed at the bottom of the screen on
respective sides, which have been omitted from the figure for simplicity. In the EE study condition, participants were instructed to learn the unknown
object’s name. The study phase was followed by a 6–10 min delay task, and then the test phase. The test phase was identical across conditions and exper-
iments, and involved two explicit memory tasks, followed by an implicit memory test. The explicit tests started with free recall of the new names, and then
a three Alternative Force Choice (3AFC) test containing three possible pictures. In the implicit test, participants made a speeded, semantic category judge-
ment about hermit words, half of which had studied neighbours and the other half did not (key prompts were displayed at the bottom of the screen,
counterbalanced across participants). For more information, see main text.
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“lexical competition”, in terms of slower response times to
known words when a new competitor (the new name) had
been learned. Based on the previous logic of Bowers et al.
(2005), the names of the to-be-learned unfamiliar animals
(e.g., “ganaxy”) were lexical neighbours of real hermit
words (e.g., “galaxy”). Hermit words are those that have
no orthographic neighbours, and cannot be made into
another English word through letter substitution or del-
etion. It is well- established that the greater the neighbour-
hood density of a word, the longer the RT to recognise that
word, due to competition from similar word forms
(Andrews, 1996; Bowers et al., 2005; Davis & Taft, 2005).
Therefore, if a hermit word’s neighbourhood is increased
from none to one through learning a neighbour as an
animal “name”, then RTs for that word should be slower
than for hermit words that have not had a neighbour
studied.

Integration of a new word into the lexicon, such that it
can affect recognition of its neighbours, is often thought
to require a period of consolidation, particularly sleep
(except under specific circumstances involving repeated
exposures; see Kapnoula et al., 2015; Lindsay & Gaskell,
2013). Yet Coutanche and Thompson-Schill (2014)
reported a lexical competition effect only 10 min after
performing the FM condition. More specifically, RTs to
make a man-made/natural decision to hermit words
(e.g., “galaxy”) were significantly slower when a new
(non-word) neighbour (e.g., “ganaxy”) has been inferred
as the name of an unfamiliar animal during the FM
study phase, relative to hermit words with no studied
neighbour. They also tested explicit memory and found
the opposite pattern to the implicit test: Explicit
memory was better for the new animal names under
EE than FM, consistent with all other studies above,
and suggesting an important dissociation between
implicit and explicit measures.

The same group later published boundary conditions
for the implicit competition effect under FM (Coutanche
& Koch, 2017). Firstly, they reported that the competition
effect was only seen in participants with high “semantic
trait score” (using an equal split of their participants). Sec-
ondly, they reported that the competition effect increased
with the atypicality of the semantic referent object (for its
taxonomic category; see also Coutanche, 2019); indeed, for
typical referents, they reported the opposite effect, i.e.,
faster rather than slower RTs for studied words relative
to unstudied words. However, this makes it unclear why
they previously found a competition effect when collap-
sing over all participants (without knowledge of their
semantic trait score) and all trials (regardless of referent
typicality) in their two original experiments (Coutanche &
Thompson-Schill, 2014).

After completion of our Experiments 1 and 2 (the latter
pre-registered), another study (Zaiser et al., 2021) reported
a partial replication of the lexical competition effect of
Coutanche and Thompson-Schill (2014). In Experiment 1

of their study, Zaiser and colleagues report lexical compe-
tition (i.e., slowing for hermit words with neighbours) four
minutes after FM encoding, when combining their “high”
and “low” feature overlap conditions (which refer to the
degree of feature overlap between known and unknown
items). However, they did not run a control condition,
such as an explicit encoding (EE) condition, to test
whether this lexical competition effect is specific to the
FM task. They did include an EE condition in their Exper-
iments 2–4, but also switched to a semantic priming test,
where primes were the previously studied names of
novel objects, and targets were real words whose semantic
category was either the same or different to that of the
object named by the prime. When this test was performed
a few minutes after study, the authors found a priming
effect for FM in the high feature overlap condition, but
not in the EE condition or low overlap FM condition.
There were no priming effects at the 24-hour test.

However, it is unclear whether this semantic priming
effect reflects the same lexicalisation process indexed by
the RT competition effect of Coutanche and Thompson-
Schill (2014). For instance, the observed semantic
priming effect in the FM condition could potentially be
attributed to the rapid retrieval of the studied referent
object and the associated category, which facilitates the
semantic decision for related words while inhibiting
decisions for unrelated words. This could explain why
the effect is not present when there is no referent in the
EE condition, or when the referent is likely to belong to a
different category in Zaiser et al.’s low overlap condition.
Interestingly, in the intentional FM condition, where a
referent object was also presented, no semantic priming
effect was found. It is possible that the intentional learning
strategies employed by participants in this condition may
have diverted their attention from processing the referent
object in sufficient detail (unlike the incidental condition
where processing of the referent is naturally evoked). Fur-
thermore, another study (McGregor et al., 2020) failed to
replicate the FM advantage of Coutanche and Thomp-
son-Schill (2014): though these authors focused on explicit
tests in people with developmental language disorders
versus those with typical language development. In their
Supplementary Materials, they report that they did not
find evidence of same-day lexical learning in an implicit
memory test.

In summary, the original finding from Coutanche and
Thompson-Schill (2014) is theoretically important
because it supports prior claims that the FM paradigm
of Sharon et al. (2011) engages a distinct learning
process in healthy adults, and also because it is one of
the few situations in which same-day lexicalisation has
been claimed. However, there is some uncertainty in
the literature about whether the FM paradigm does
engage a distinct learning process, and no study has
reported a complete replication of Coutanche and
Thompson-Schill’s (2014) results, whereby an implicit
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lexical competition effect (slowing of RTs to hermit words
for which a neighbour has been studied) is found after an
FM task but not EE task. We ran three experiments to
attempt this replication.

Experiment 1

Methods

The current experiment is identical to Experiment 1 of Cou-
tanche and Thompson-Schill (2014), with four minor
exceptions: (1) Only the 10 min delay condition was
used, because the objective here was to investigate the
FM lexicalisation effect within the same day; (2) a semantic
priming test was not included because Coutanche and
Thompson-Schill reported no significant effect after
10 min; (3) the “names’ are from Coutanche and Thomp-
son-Schill’s Experiment 2, because this allowed a greater
number of stimuli in order to match their counterbalan-
cing across EE and FM conditions and across hermit
words with and without studied neighbours; (4) the pic-
tures were changed to reflect UK norms (as in Greve
et al., 2014; see Stimuli and Design section).

The experiment consisted of two learning conditions
(FM and EE). As in Coutanche and Thompson-Schill
(2014) these were manipulated between participants (in
order to minimise contamination of the FM condition by
explicit encoding strategies, as might happen if learning
condition was manipulated within participants; see
Cooper et al., 2019a). Regardless of learning condition,
the test phase was identical: explicit memory tests of
Free Recall and 3AFC recognition, followed by an implicit
memory test using semantic decision (the “lexical inte-
gration task” of Coutanche & Thompson-Schill, 2014).

Participants
Fifty-six young volunteers (aged 19–41, mean 24.6 years,
38 females) were recruited from the MRC Cognition and
Brain Sciences Unit’s Volunteer Panel and compensated
financially for their time.

Volunteers were randomly allocated (N = 28 in each
group; 18 females in one group and 20 in the other) to
one of two learning conditions (either the FM or EE).
An N of 28 per group was chosen to provide full counter-
balancing (see Stimuli section below) and provide a
power of over 80%. Power was calculated from Cou-
tanche and Thompson-Schill’s reported effect size of
Cohen’s d = 0.69 in the same day condition of their
Experiment 1, when comparing the size of the compe-
tition effect across their EE and FM groups. Using
GPower 3.1.9.2 (Faul et al., 2007), our N of 28 per
group provides power of 81.7% for detecting an effect
this big using a one-tailed, unpaired t-test (for a greater
competition effect in the FM than EE group) with an
alpha of .05. We note however that the effect size of Cou-
tanche and Thompson-Schill may have been inflated by
publication bias, and that one would generally need 2.5

times their sample size (i.e., 62 per group) to have an
80% chance of concluding that the effect is not “unde-
tectably small” (Simonsohn, 2015), which would corre-
spond to a Cohens d = 0.35 for 33% power with
Coutanche and Thompson-Schill’s N = 25 sample size.
We address this later when combining data across our
experiments.

The EE and FM groups did not significantly differ (t’s <
0.81, p’s > 0.42) in age, years of education, and general
intelligence “g” as measured by the Cattell Cultural Fair
Scale 2 intelligence test (Cattell & Cattell, 1960). Though
participants were randomly allocated to learning con-
dition, the EE group had higher Verbal IQ than the FM
group, 117 versus 111, respectively, t(54) = 2.02, p =
0.048, two-tailed, as measured by the Wechsler Abbre-
viated Scale of Intelligence (WASI) (Wechsler, 1999)
(which was the filler task). All participants were native
English speakers, had normal or corrected-to-normal
vision, and provided informed consent prior to their par-
ticipation. Their inclusion was approved by the Cambridge
Psychological Research Ethics Committee (reference
2005.08).

Stimuli
In keeping with Coutanche and Thompson-Schill (2014),
only pictures of animals were used. The pictures were 64
colour photographs: 32 of rarely-known but real animals,
and 32 of known animals from the same category as the
unknown animals. All were a subset of the culturally-
normed “unknown” animals from previous published
sources (Cooper et al., 2019b; Greve et al., 2014).

Unknown animal “names” came from two lists of 16
neighbours of hermit words (e.g., “ganaxy” as a neighbour
for “galaxy”) from Experiment 2 in Coutanche and Thomp-
son-Schill (2014). Unknown animal pictures were randomly
paired with the hermit word neighbours, which were kept
in their original lists as published by Coutanche and
Thompson-Schill, creating two sets of 16 picture-word
pairings, such that each set could appear in either the
FM or EE group. Pictures of known animals were used in
the FM study section as the semantic referent; their
names were never used. Only the unknown 16 pictures
and names from the study phase were presented in the
3AFC recognition memory test. All 32 real English hermit
words (e.g., galaxy) were used in the implicit memory
test. The assignment of set to studied versus unstudied
was counterbalanced within and across groups.

Procedure
The paradigm is shown in the top of Figure 1. E-prime 2.0
(Psychological Software Tools, Pittsburgh, PA, 2012) was
used to display stimuli and collect button press responses.
Participants completed a Study phase and a Test phase.
Participants were randomly assigned to either the FM con-
dition or the EE condition, in which they either incidentally
or explicitly, respectively, learned the names (hermit word
neighbours) of unknown animals. There was a 10-minute
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delay, filled with a verbal task (see below), between Study
and Test phases. In the Test phase, which was identical
regardless of the Study Phase, explicit memory for the
animal names was first tested by free recall and then by
3AFC. Then, implicit memory was tested using a task meth-
odologically identical to Coutanche and Thompson-Schill’s
“lexical integration” task. Hermit words with studied neigh-
bours and those without were presented for a speeded
man-made versus natural semantic decision. Response
keys for yes/no (FM study phase) and natural/man-made
were counterbalanced across participants. When response
side was combined with set (Set 1 and Set 2) and condition
(EE and FM), there were 8 unique counterbalancings. Par-
ticipants sat 26 in. in front of a LCD 19 inch computer
monitor. All items were displayed on the screen using a
white background; text and fixation crosses were black
24 point Arial font, except for the 3AFC test where text
was 28 point font.

Study phase. In the FM condition, participants were pre-
sented with background “ruse” information; they were
informed that it was a visual object perception experiment
but not that their memory would be later tested. In the EE
condition, participants were instructed to remember the
animals and names for a later memory test. Both con-
ditions started with a white screen for 500 ms, followed
by the stimuli, which were displayed for six seconds, and
this cycle continued until all 16 unknown stimuli had
been viewed twice. The list was randomly presented
once before being presented again in a different random
order. In the FM condition, a known animal picture (e.g.,
dog) and an unknown animal picture (e.g., numbat,
named “ganaxy”) were displayed in the centre of the
screen with a yes/no question below (“Is the ganaxy’s fur
striped?”), such that each unknown animal was seen
once on each side (central-left or central-right) and once
with each response type (“yes” or “no”). Prompts for key
assignments appeared in the lower-left and lower-right
corners of the screen for the respective response. Stimuli
remained on the screen for six seconds regardless of
when the response was given. If no response was given
within the six seconds stimuli display, then the stimuli dis-
appeared and an on-screen prompt to respond was dis-
played until response. The known animal was from the
same category as the unknown animal, and the question
referred to the unknown animal and a feature present in
only one animal (e.g., striped fur, though fur would be
present in both animals). For each of their two presenta-
tions, unknown animals were paired with a different
known animal and a different orienting question. In the
EE condition, an unknown animal was displayed centrally,
with its name and instructions to remember it below
(“Remember the naskin”.); this was identical for both pre-
sentations, and no key press was required. Prior to the
Study phase, participants completed a separate run of 10
practice Study trials with feedback and unique stimuli.

Test phase. The studyphase and test phasewere separated
by a 10-minute delay during which participants performed
a verbal task to prevent rehearsal, which was the WASI
(Wechsler, 1999). Vocabulary and Similarities sub-tests
were used to compute a Verbal IQ score, in keeping with
the procedure of Coutanche and Thompson-Schill (2014)
who report using an “unrelated vocabulary test and ques-
tionnaire”. In the test phase, memory for the unknown
animal names from the study phase was measured with a
Recall memory test, a 3AFC recognition memory test and
an implicit memory test, as expanded below.

In the Recall test, participants were given a maximum of
two minutes to report aloud as many new names from the
Study phase as possible, which were noted by the exper-
imenter. In the 3AFC test, each of the 16 studied “names”
was presented centrally together with two other studied
unknown pictures, one at the top-left, one at the top-right
and one at the central-bottom of the screen. Participants
indicated which picture matched the name by using one of
three keys, with each of the three locations corresponding
to the correct response approximately equally often. Each
unknown animal picture was displayed three times, once
in each location, and once as the correct answer and twice
as a foil. Trials were displayed in a random order, remained
on the screen until response or a maximum of six seconds,
and were separated by a 500 ms white screen, in keeping
with Coutanche and Thompson-Schill (2014).

In the implicit memory task, the 16 hermit words whose
neighbours were studied and the 16 hermit words whose
neighbours were not studied were displayed one-at-a-time
in a random order in the centre of the screen for 500 ms.
Immediately, prior to each word, a white screen was pre-
sented for 350 ms, preceded by a central fixation cross
for 800 ms. Participants were asked to respond as quickly
and as accurately as possible, via left or right keys on the
keyboard, whether the word represented a man-made or
natural item. Prompts for key assignments appeared in
the lower-left and lower-right corners of the screen,
respectively. If a response was not made during the
word display, then an additional maximum two seconds
was given for a response with only the key prompts dis-
played. Feedback about whether or not the response
was correct appeared for one second following the
response. Participants first completed five practice
unique trials that lead seamlessly into the real test.

After the Test phase, participants completed a famili-
arity test, in which they were shown each unknown
animal picture once more, and reported their familiarity
with the item prior to the Experiment using a three-
point scale (where 1 = no familiarity). Participants also
completed the Cattell culture fair test (Cattell & Cattell,
1960) to measure fluid intelligence (“g”).

Analyses
Data were analysed using R, version 3.5.0 (R Core Team,
2020) and RStudio Version 2022.02.3 (RStudio Team,

1324 K. GURUNANDAN ET AL.



2020). For all tests, i.e., recall, 3AFC and the implicit
memory test, analysis included only nonwords paired
with animals that were not pre-experimentally familiar (a
rating of 1 on familiarity scale), as reported in the famili-
arity test (this was also the case for the analyses of Cou-
tanche & Thompson-Schill, 2014). The median number of
items reported as pre- experimentally known was 1 (of
the 16 items per set; minimum 0, maximum 10 from one
participant). These are excluded from all analyses below.

As in Coutanche and Thompson-Schill (2014), the main
measure was reaction times (RTs) in the implicit memory
test, further restricted to correct responses only, and
trimmed to those more than 300 ms and less than
1500 ms. For the main planned comparison, to replicate
Coutanche and Thompson-Schill (2014), we used a direc-
tional (one-tailed), two-sample t-test to test whether the
competition effect (difference in RTs for hermits with
versus without a studied neighbour) was larger in the
FM Group than EE Group.

We also performed linear mixed effects analysis across
individual trials, including both participant and stimulus
(word) as random effects. Rather than trimming, here we
analysed all correct trials, and used an inverse transform (1/
RT) to handle the positive skew in RTs (Ratcliff, 1993). We
also added a third within-participant factor of congruency,
to look at semantic priming effects (see Results). Although
hermit words were either natural or man-made, their
studied neighbour (i.e., nonword name) was referred to a
natural object. Hence, a natural hermit word was always
semantically congruent with its neighbour, whereas a man-
made hermit was always incongruent with its neighbour.

For completeness, we also analysed accuracy on both
the implicit and explicit memory tests. For the implicit
(man-made/natural) task, accuracy was the proportion of
trials responded to accurately (natural or man-made;
chance was 0.50). Because of ceiling effects, these data
were arcsine transformed and then analysed using a
mixed-measure ANOVA with between-participant factors
of learning condition (FM or EE) and a within-participant
factor of hermit word (with or without studied neighbour).
In the explicit Recall test, learning was measured as the
total number of names correctly recalled aloud. Some par-
ticipants recalled no words (particularly in the FM Group),
resulting in floor effects, and were therefore submitted to a
Wilcoxon test. For the 3AFC test, the measure of learning
was proportion of correct responses, with chance being
0.33, and compared via one-tailed T-tests.

The R code and data are available in OSF: https://osf.io/
dpvbf/.

Results

Main planned comparison: competition RTs in
Implicit Task
We begin with the results for the main planned comparison
for which the experiment was powered, namely whether
the competition effect (mean RT for hermits with studied

neighbour minus mean RT for those without) in the implicit
memory test was bigger for the FM group than EE group, as
Coutanche and Thompson-Schill (2014) reported.

Table 1 (top) shows the means of trimmed RTs for
correct trials (as well as mean number of such trials from
which the mean was estimated) for each condition and
group separately. These are also plotted in Panel D of
Figure 2, along with the mean and spread of their differ-
ences, i.e., competition effect, in Panel E. For reference,
Panels A and B are the corresponding results replotted
from Experiment 1 of Coutanche and Thompson-Schill
(2014). Most important are the competition effects,
which show a competition effect for FM but not EE
group of Coutanche and Thompson-Schill (2014) (Panel
B), but little evidence of a competition effect for either
FM or EE groups in the present Experiment 1 (Panel E).

The keyplanned, one-tailed, unpaired t-testwasdesigned
to test whether the mean competition effect was bigger for
the FM group (−5.61 ms) than EE group (−0.21 ms). As
expected from Table 1/Figure 2, this effect was not signifi-
cant, t(54) =−0.372, p = .64, with an estimated Cohen’s d of
−0.10. This contrasts with Experiment 1 of Coutanche and
Thompson-Schill (2014) for which a significant effect with
an estimated Cohen’s d of +0.69 was reported.

Anovas and accuracy in implicit task
Even though the interaction is equivalent to the planned
comparison performed above, we also subjected the
mean trimmed RTs to a 2 × 2 mixed ANOVA, with
between-participant factor of Group (EE/FM) and within-
participant factor of Study (studied/unstudied), to test
for any main effects. Despite a numerical trend for faster
RTs in the FM group, neither the main effect of Group, F
(1,54) = 1.14, p = .29, nor main effect of Study, F(1,54) =
0.16, p = .69, reached significance.

We also analysed accuracy on the semantic natural/
man-made word judgement. Because performance was
close to ceiling in both groups (Table 1), an arcsine trans-
form was applied to render the data more Gaussian. There
was a numerical trend for higher accuracy in the EE than
FM group (see next Section), but in the same ANOVA as
above, none of the main effect of Group, F(1,54) = 2.82,
p = .10, main effect of Study, F(1,54) = 2.45, p = .12, nor
most importantly their interaction, F(1,54) = 0.738, p = .39,
reached significance. The latter suggested no speed-accu-
racy trade-off.

Group differences in verbal fluid intelligence?
A reviewer pointed out that a later study by Coutanche
and Koch (2017) failed to find rapid lexical competition
after FM in their participants who had semantic memory
trait scores that were lower than the median of their
sample (see Discussion), and it is possible that our FM
group had low semantic trait scores. Our FM group did
have significantly lower WASI verbal intelligence scores
(vIQ) than our EE group (by chance alone, since group allo-
cation was random), and it is possible that lower semantic
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memory scores correlate with lower verbal intelligence
scores (even though the former is more of a measure of
crystallised intelligence and the latter is more of a
measure of fluid intelligence). This might have reduced
our chances of detecting rapid lexical competition in our
FM group, and could explain why there was a numerical
trend for higher accuracy in the EE than FM group on
the semantic decision task.

Firstly, we should point out that, though vIQ was 6
points lower on average in our FM than EE group (111
versus 117), it was still higher than the population
average (100). Nevertheless, we fit a linear model that pre-
dicted the competition effect as a function of Group, vIQ
and their interaction. There was no significant positive
effect of vIQ, t(52) = 0.011, p = .99, and there was still no
effect of Group or interaction with vIQ, Fs(1,52) < 0.27.
Even when run on the FM group alone, there was no
sign of a relationship between competition effect and
vIQ, t(52) = 0.84, p = .41. Thus we think it is unlikely that
our results were affected by low verbal fluid intelligence.
While it is possible that our groups also differed in seman-
tic trait scores, and that these diverged sufficiently from
verbal fluid intelligence, we think this is extremely unlikely,
and note that the original study on which the present
experiment was powered, i.e., Coutanche and Thomp-
son-Schill (2014), did not distinguish participants by
semantic trait scores in either of their experiments.

Explicit memory tests: recall and recognition
Given that we found no difference between Groups in the
Implicit task, it is important to establish that the two

learning conditions differed in some way. We therefore
analysed the data in the explicit memory tests, which we
would expect from prior literature (see Introduction) to
be higher following EE than FM learning. Recall data
were near floor and therefore were analysed using a
non- parametric Wilcoxon test. As would be expected
when comparing performance on incidental versus inten-
tional learning conditions, participants in the FM condition
recalled significantly fewer names (Median = 0.00, IQR =
1.00) than participants in the EE condition (Median =
3.00, IQR = 3.25), W = 686, p < .001.

The same was found with 3AFC accuracy performance:
memory was significantly better in the EE condition (M =
85.5%, SD = 14.0%) than FM condition (M = 58.6%, SD =
17.9%), t(54) = 6.26, p < .001, with a large Cohen’s d =
1.67 (though was still above chance (33.3%) in the FM con-
dition, t(27) = 7.54, p < .001). Indeed, the 3AFC results were
numerically very similar to Experiment 1 of Coutanche and
Thompson-Schill (2014) – cf. Figure 2C and F – suggesting
similar participant populations under this measure at least.

Post-hoc analyses
The “lexical integration” task of Coutanche and Thomp-
son-Schill (2014), which furnished the implicit RT
measure analysed above, actually involves a semantic jud-
gement: participants decide whether real hermit words
denoted either a natural or a man-made item. Though
our data showed no evidence of a competition effect
under FM (or EE), the RTs (like those in Coutanche &
Thompson-Schill, 2014) might have been confounded
by the semantic congruency/incongruency between the

Table 1.Means and standard deviations (in brackets) from implicit tests in Experiment 1 (N = 56 total), Experiment 2 (N = 180 total) and Experiment 3 (N =
64 total), as a function of between-participant learning conditions (groups) and within-participant manipulation of hermit words with or without studied
neighbours.

Implicit memory test

Hermits without studied neighbour Hermits with studied neighbour

Accuracy N trim Mean RT Accuracy N trim Mean RT

Experiment 1
EE 0.90 14.18 754.07 0.90 12.79 753.86

(0.11) (1.94) (131.36) (0.11) (2.36) (157.32)
FM 0.85 13.50 717.97 0.89 12.71 712.36

(0.11) (1.64) (132.17) (0.08) (2.48) (130.82)

Experiment 2
EE 0.85 13.53 725.54 0.83 12.25 718.60

(0.14) (2.23) (133.16) (0.13) (2.75) (140.50)
FM-r 0.83 13.30 754.64 0.82 11.98 745.81

(0.13) (2.09) (130.32) (0.12) (2.54) (151.96)
FM 0.83 13.22 714.13 0.81 12.32 718.36

(0.12) (1.91) (138.28) (0.16) (2.50) (150.03)

Experiment 3
FM-atypical 0.80 6.03 826.65

0.83 13.27 822.05 (0.15) (1.39) (153.55)
FM-typical (0.12) (1.91) (154.76) 0.85 6.59 799.38

(0.15) (1.29) (146.01)

“Accuracy” is the proportion of pre-experimentally unknown items whose man-made/natural judgement was correct, where chance is 0.50. “N trim” mean
number of correct trials (max of 16; max of 8 in Experiment 3 condition “with studied neighbours”) after removing (trimming) trials with RTs < 300 ms or
>1500 ms, following Coutanche and Thompson-Schill (2014); “Mean RT” is the mean reaction time (RT) for such trials in milliseconds. Experiment 1 had EE
and FM groups, Experiment 2 included an additional FM-r group, Experiment 3 examined only the FM group (with referent typicality as a within-par-
ticipant factor; see Methods). The data for Experiments 2 and 3 are averaged over whether the referent object was natural or man-made.
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studied neighbour and the judgement. In other words,
deciding whether the hermit word was natural or man-
made could be affected by the learning of its neighbour
as a natural item (i.e., an animal name) in the study
phase: this might facilitate RTs for natural hermit words,
but inhibit RTs for man-made hermit words. (The 3AFC
test where the studied neighbours are presented with

only animal pictures as choices might reinforce this
semantic link). This would be a form of semantic
priming, possibly related to that reported by Zaiser
et al. (2021). With this in mind, we re-examined the
data, splitting hermit words according to whether they
were semantically congruent with the study category (of
natural animals). Of the two hermit-neighbour word lists

Figure 2. Each row shows data from a separate experiment, the columns contain (from left to right): mean trimmed reaction times (RTs) in the implicit
memory test (Panels A, D, G, J) as a function of whether the hermit word had a studied neighbour in each group (EE, grey; FMr, dark blue; or FM, light blue);
competition effects after subtracting unstudied from studied RTs (Panels B, E, H, K); three alternative-force-choice (3AFC) accuracy in the explicit test
(Panels C, F, I, L). Data in row 1 are re-plotted from Experiment 1 of Coutanche and Thompson-Schill (2014) (C&T-S); data in third and fourth rows are
averaged over the referent category (natural/man-made). All RTs are for correct trials only, after excluding pre-experimentally known items. 3AFC
chance is marked at .33. * = significant to p < 0.05, two- tailed. Error bars are standard error of the mean. ms = milliseconds.
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of 16 items from Coutanche and Thompson-Schill, one list
had six natural items (and ten man-made) and the other
had seven natural items (and nine man-made).

For a potentially more sensitive test, we also used a
linear mixed effect model on RTs of individual trials,
which can accommodate random effects of both partici-
pant and stimulus (hermit word). Moreover, rather than
trimming RTs like Coutanche and Thompson-Schill
(2014), we included all trials with correct responses, but
used an inverse transform (1/RT), which has been argued
to perform well for the skewed RT distributions in these
situations (Ratcliff, 1993). Not only did this recover more
trials, but also rendered the distribution more Gaussian
than the above trimming. The model predicted (inverse)
RTs as a function of all possible interactions between
Group, Study and Congruency, together with random
intercepts for participant and stimulus.2

Like in the above analysis of mean, trimmed RTs across
trials, there was still no evidence for the interaction
between Group and Study reported by Coutanche and
Thompson-Schill (2014), F(1,1428.13) = 0.28, p = .60. There
was however evidence for a three-way interaction
between Group, Study and Congruency, F(1,1427.37) =
6.30, p = .012 (but no other significant effects, F’s < 1.56,
p’s > 0.21). We therefore followed-up the three-way inter-
action by analysing each Group separately, with random
intercept and Study slopes for stimulus, and random inter-
cept and Congruency slopes for participant.

In the FM Group, there was a significant two-way inter-
action between Study and Congruency, F(1,32.1) = 5.61, p
= .024, but there was no such significant interaction for the
EE Group, F(1,29.5) = 1.36, p = .25. The lack of effect in the
EE group could reflect the lack of another natural referent
object at study (see Discussion).

To calculate an across-participant effect size for this
moderation of the Competition effect by Congruency,
we averaged inverse RTs across trials in the FM group,
and calculated the competition effect (i.e., subtracted
Unstudied from Studied). As expected from the above
linear mixed effects model, there was a significant differ-
ence between the competition effect for Congruent and
Incongruent trials, t(27) = 2.93, p = .007, two-tailed,
Cohen’s d = 0.55. As shown in Table 2, Congruent trials
showed shorter RTs for Studied than Unstudied trials, t

(27) = 2.75, p = .011, two-tailed, whereas Incongruent
trials showed a trend towards the opposite, t(27) = 1.65,
p = .11, two-tailed. Thus, when collapsing over con-
gruency, as in the previous analyses above, the advantage
from congruency and disadvantage from incongruency
would tend to push the average competition effect to zero.

Discussion

Though Experiment 1 was a methodological replication of
Coutanche and Thompson-Schill (2014), there was no evi-
dence of significant same-day lexical competition (i.e.,
slowing of RTs to hermit words with a studied neighbour),
following either FM or EE. This fails to support the claim by
Coutanche and Thompson-Schill that the FM condition
(but not EE condition) enables same-day lexicalisation of
novel words, i.e., fast mapping.

Nonetheless, in a post-hoc analysis, where we split trials
according to whether the hermit word was natural versus
man-made (which was the dimension probed in the
speeded semantic decision task used to assess implicit
memory), we did find significant priming effects: RTs for
natural hermit words (after FM learning) were speeded
when those words had a studied neighbour relative to
when they did not, whereas RTs for man-made hermit
words were slowed when those words had a studied
neighbour relative to when they did not. This pattern is
more consistent with a semantic priming effect than a
lexical competition effect. This is similar to the semantic
priming effect reported by Zaiser et al. (2021), who
explored the influence of feature overlap on lexical compe-
tition within the FM procedure. Their experimental design
involved presenting an unknown item alongside a known
referent, with varying degrees of overlap in visual features.
Interestingly, they did not find any significant differences
in lexical competition between the feature overlap con-
ditions. However, they did report a significant semantic
priming effect, which was particularly pronounced when
high feature overlap was present.

These findings may initially seem contradictory to the
results reported by Coutanche and Koch (2017), who
suggested that atypical referents enhance lexical inte-
gration. However, it is important to consider that Zaiser
et al. manipulated feature overlap independently from
typicality, which might tap into distinct underlying pro-
cesses. In the high overlap condition, the known and
unknown items consistently belonged to the same seman-
tic category (e.g., mammal – mammal, vegetable – veg-
etable), whereas in the low overlap condition, the items
belonged to different semantic categories (e.g., mammal
– vegetable, bird – mammal). Based on their results,
Zaiser et al. proposed that high feature overlap promotes
rapid semantic integration, regardless of whether the
known item is a typical exemplar of the category. They
speculated that increased demands on processing highly
similar visual stimuli during FM encoding could enhance
semantic integration and the retrieval of associated

Table 2. Means and standard deviations (in brackets) across participants in
ms of trial-averaged competition effect (difference in RTs of studied minus
unstudied, after reversing inverse transform) from the FM groups in
Experiments 1–3, as a function of congruency (whether the hermit word
was congruent with the natural/man-made category of the studied item)
and the natural/man-made category of the studied items (all of which
were natural in Experiment 1, like Coutanche and Thompson-Schill, 2014).

FM group Congruent Incongruent

Experiment 1 Natural −36.85 (67.17) +30.25 (73.31)
Experiment 2 Natural −2.79 (95.12) +8.21 (64.79)

Man-made 10.33 (71.10) −13.29 (93.96)
Experiment 3 Natural −19.55 (160.76) +6.64 (73.77)

Man-made −35.96 (94.62) −38.97 (110.30)
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meanings. However, it remains to be determined whether
the same underlying processes support the semantic
priming effect observed in our study.

A key distinction in our experimental design is that we
did not manipulate the visual similarity of the referent
items. Instead, we observed a semantic priming specifically
for test items that belonged to the same semantic cat-
egory. More specifically, because all studied neighbours
were new names of objects that were natural (animals),
these RT effects can be explained by congruency/incon-
gruency between the natural/man-made category of the
hermit word and the natural category of its new studied
neighbour: when they are congruent (e.g., the natural
hermit word “galaxy” and animal named “ganaxy”),
spreading activation from the studied neighbour to the
hermit word could increase the speed of responding
“natural” in the implicit test, whereas when they are incon-
gruent (e.g., the man-made hermit word “napkin” and
animal named “naskin”), this spread of activation poten-
tially causes interference (slowing). Importantly, it should
be noted that this explanation does not necessarily
imply that the studied neighbour needs to be represented
as a lexical node in the lexicon. Instead, the spread of acti-
vation to the hermit word may occur when the neighbour
is encountered during study, without that neighbour
being explicitly stored in memory. This is a form of seman-
tic priming, rather than lexical competition, and semantic
priming effects often occur within the same day (Collins
& Loftus, 1975; McNamara, 2005; Tulving & Schacter,
1990). The lack of an overall competition effect (collapsing
across hermit words’ semantic category) could be
explained by facilitatory semantic priming effects being
matched by equally-sized inhibitory semantic priming
effects, though this would not explain why Coutanche
and Thompson-Schill (2014) found a net inhibitory effect.

It is unclear why such a semantic priming effect would
occur only after FM learning, and not EE learning. One
possibility is that the presence of a referent object and
mention of a semantic feature in the yes/no question in
the FM condition (but not EE condition) increased the
number of items activated that are from the natural cat-
egory, e.g., if the hermit word, its studied neighbour and
its studied referent were all brought to mind by spreading
activation. If so, the effect should be reduced if the referent
is removed from the FM condition (similar to Zaiser et al.,
2021). We addressed this possibility in Experiment 2.

Experiment 2

In Experiment 2, we attempted again to replicate Cou-
tanche and Thompson-Schill’s (2014) same-day lexicalisa-
tion after FM learning, but with the additional factor of
semantic congruency. In order to create a fully factorial
design, one half of the studied objects were now man-
made, to add to the other half that were the natural
objects from Experiment 1. This way, we could de-con-
found semantic congruency and semantic category (i.e.,

a natural study object and natural hermit word, or a
man-made study object and man-made hermit word
would be congruent, whereas a natural study object and
man-made hermit word, or a man-made study object
and natural hermit word would be incongruent). The
semantic priming hypothesis predicts that, when studied
neighbours (e.g., “ganaxy”, “naskin”) are names for unfami-
liar natural pictures (i.e., animals), semantic decision RTs to
natural words (galaxy) will be speeded and RTs to man-
made words (napkin) will be slowed. When studied neigh-
bours are unfamiliar man-made objects, RTs for natural
words (galaxy) will be slowed and RTs for man-made
item words (napkin) will be speeded. That is, there
would be an interaction between the congruency of the
semantic category of the studied object and the hermit
word, and whether or not the item’s neighbour was
studied.

We also took the opportunity to add a third learning
condition (i.e., test a third group of participants, see
Figure 1). This was the “FM-r” variant of FM learning that
we previously used in Cooper et al. (2019b) to test
whether the presence or absence of the object referent
is necessary to obtain a FM effect in explicit memory
that is distinct from EE learning (and similar to the variants
used by Coutanche & Thompson-Schill, 2014, and Zaiser
et al., 2021). Previous studies of fast mapping suggested
that a known referent is important (Sharon et al., 2011),
e.g., in helping support integration of the new information
into existing semantic knowledge (Coutanche & Thomp-
son-Schill, 2015). If so, then any effects of fast mapping
seen in the FM condition should not be seen in the FM- r
condition, which is identical apart from lacking the simul-
taneous presentation of a known referent picture beside
the unknown item whose name is to be learned. Using
tests of explicit memory, Cooper et al. (2019b) found no
difference between the FM-r condition and FM condition.
However, using the present implicit measure, Coutanche
and Thompson-Schill (2014, Experiment 2) found evidence
for “lexicalisation” in the FM condition, but not their “IE”
condition (the equivalent of our FM-r condition where
no known referent picture was shown), supporting a role
for the referent in FM. Note they, like us, found no differ-
ence between their FM and “IE” conditions when using a
test of explicit memory instead. Likewise, Zaiser et al.
(2021, Experiments 3–4) found no semantic priming
without a reference object in their “IE” condition. Thus,
the importance of a referent may again vary according
to whether explicit or implicit memory measures are used.

In the present Experiment 2, there were 2 × 3 between-
participant conditions: three groups (FM, FM-r and EE)
where the “names” were for unfamiliar (natural) animals
(as in Experiment 1, but with the addition of the FM-r con-
dition), and another three groups (FM, FM-r and EE) where
“names” were for unfamiliar man-made items. According
to Coutanche and Thompson-Schill (2014), a competition
effect (slowing of RTs) would be seen only in the FM con-
dition, regardless of whether the study items or hermit
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words were natural or man-made. According to the
semantic priming effect suggested by our post-hoc analy-
sis of Experiment 1, a competition effect (slower RTs)
should be found when the natural/man-made status of
the studied object is incongruent with that of the hermit
word, but there should be a semantic priming effect
(faster RTs) when these are congruent. This interaction
should also be greater in the FM condition than FM-r or
EE condition, if the presence of a referent object of the
same natural/man-made category as the studied neigh-
bour increases the amount of semantic priming.

Prior to starting data collection, Experiment 2 was pre-
registered on the Open Science Framework (OSF) using a
replication registration report template. The pre-regis-
tration for conditions FM and EE is located at https://osf.
io/atkp4; the pre-registration for the FM-r condition is
located at https://osf.io/p7s4f.

Methods

Experiment 2 was identical to Experiment 1 bar four excep-
tions: (1) an additional between- participant condition
using man-made items as study phase pictures; (2) an
additional between- participant FM-r learning condition
in the natural and man-made conditions, which was iden-
tical to the FM condition, but the known referent picture
was not presented; (3) data were collected online; (4) the
task separating study-test phases was a letter-digit substi-
tution task rather than the WASI test (so that it could be
administered online).

The experiment consisted of six conditions: three learn-
ing conditions (FM, FM-r, and EE) crossed with two study
categories (natural or man-made items), all manipulated
between-participants. Regardless of study phase, each par-
ticipant completed three types of memory test: Free Recall,
3AFC, and the implicit memory test with semantic
decision; the latter is our focus. In this implicit test, there
was a within-participant factor of study condition (hermit
word with and without a studied neighbour), and a
within-participant factor of semantic congruency
(whether hermit word category matched that of studied
object).

Participants
One-hundred and ninety-three young participants (aged
18–40) were recruited through Prolific (https://prolific.
com/), which is a web-based crowd-sourcing platform
that can be integrated with online experiments. The final
dataset was comprised of 180 participants3 from a poten-
tial pool of over 3,000 that met the recruitment criteria
below. Participants were randomly allocated to one of
the six conditions (N = 30 in each group: 18 females and
mean age 28.3 years in the “FM-natural” condition; 22
females and mean age 29.8 years in the “FM-man-made”
condition; 24 females and mean age 29.3 years in the
“FM-r-natural” condition; 25 females and mean age 27.8
years in the “FM-r-man-made” condition; 22 females and

mean age 29.03 years in the “EE-natural” condition; 22
females and mean age 28.1 years in the “EE-man-made”
condition).

An N of 60 (summing across referent category group)
was chosen to provide power of over 80% for detecting
a semantic priming effect in the FM group. Using
GPower 3.1.9.2 (Faul et al., 2007), the power estimate
was 96% given an alpha of .05 and an effect size of
Cohen’s d = 0.55 from Experiment 1 for a one-tailed,
paired t-test for a smaller competition effect for Congruent
than Incongruent trials (see https://osf.io/atkp4).4 For
reference, the same N had 98% power to detect the
effect size reported by Coutanche and Thompson-Schill
(2014) for a one-tailed, unpaired t-test of greater lexical
competition in FM than EE conditions.

All participants provided informed consent online prior
to the study and were compensated financially for their
time. They reported being monolingual English speakers,
who were UK citizens currently residing in the UK, since
the stimuli were normed for a UK population. Participants
also reported having normal or corrected-to-normal vision.
They previously participated in a minimum of two online
studies on the Prolific platform (https://prolific.co/) with
an approval rating of at least 95%. The programme of
research was reviewed by Cambridge Psychological
Research Ethics Committee and received a favourable
opinion (reference PRE2016.055). Procedures accorded
with the Declaration of Helsinki.

Stimuli
Hermit words and their invented neighbours were identi-
cal to Experiment 1. Word-picture stimuli pairs in the unfa-
miliar “natural” conditions were identical to Experiment
1. The pictures in the unfamiliar man-made conditions
were created using identical criteria to the natural con-
ditions, which are detailed in Experiment 1. The 32 pictures
of unfamiliar man-made items were a subset of previously
published unfamiliar objects (Taylor et al., 2014). Unknown
man-made items were randomly paired with the hermit
word neighbours, which were kept in their original lists
from Experiment 1, creating two sets of 16 picture-word
pairings. Pictures of known man-made items from the
same semantic category as the unfamiliar items (e.g., car
parts, musical instruments) were sourced from the internet
to use as the known items in the FM condition. As in Exper-
iment 1, the assignment of stimulus set to with (studied)
versus without (not studied) neighbours was counterba-
lanced across groups, and each set had an equal number
of N = 15 participants in each condition. Stimuli are avail-
able here: https://osf.io/vjcd6/.

Procedure
The paradigm is shown in Figure 1. Data collection
occurred via the internet on the participants’ computer
at a location of the participants’ choice. The experiment
was only available via a desktop or laptop computer, and
was not compatible with hand-held devices, e.g., phones
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or tablets. The experiment was programmed so that it
would not proceed unless the display was maximised.
Prior to data collection, we pre-specified data replacement
criteria. In the implicit memory test in Experiment 1, only
one participant had below chance accuracy of 50%. We
therefore based our criteria for replacing data on this,
and participants with a mean accuracy of less than 50%
or RT more than three standard deviations from average
were removed and replaced.

The experiment was programmed using a free, open-
source tool, JsPsych based in JavaScript (de Leeuw, 2015,
http://www.jspsych.org/). The MRC-CBU servers hosted
the experiment using free, open-source JATOS (Lange
et al., 2015, https://www.jatos.org/). The servers are
based in the EU and are compliant with data protection
and security policies.

Study phase. Study phase details are identical to those
detailed in Experiment 1. The additional FM-r conditions
(FM-r-natural and FM-r-man-made) were identical to the
FM learning conditions, except the semantic referent
picture was not presented, i.e., only the unfamiliar
picture was presented in the center of the screen. The
yes/no questions to be answered by the participant were
identical to the questions used under the FM learning con-
dition with response prompts, again, on the bottom of the
screen. In FM and FM-r conditions, participants were given
“ruse” instructions that the task investigated visual percep-
tion of pictures and how they should answer questions
based on this. They were not told that their memory
would be later tested. In the EE condition, participants
were instructed to remember item names for a later
memory test. Prior to the Study phase, participants com-
pleted a separate run of 10 practice Study trials with feed-
back in the FM and FM-r conditions (no response is given
in the EE study phase) and unique stimuli. As in Experiment
1, there was no test phase in the practice.

Test phase. Study and Test phases for each condition were
separated by a minimum delay of six minutes, when par-
ticipants completed three blocks of a non-verbal letter-
digit substitution task (an online adaptation of this task:
https://healthabc.nia.nih.gov/sites/default/files/dsst_0.
pdf). The first block lasted one minute and the two follow-
ing blocks lasted two and a half minutes each. Each block
was preceded by instructions and six practice trials. This
distractor task was designed to be administered freely
online and unrelated to the main experiment. The test
phase methods for all six between- participant conditions
were identical to Experiment 1 with only the following
exceptions: (1) in the recall memory test, participants
reported recollected names from the initial study phase
by typing into a response box, which was presented
until participants submitted their responses, and (2) in
the implicit memory test, practice trials were presented
in a separate block prior to an instruction screen announ-
cing the start of the real trials.

Analyses
As in Experiment 1, items that were reported as pre-exper-
imentally familiar were excluded from analyses of Recall,
3AFC, and the semantic decision task. The median
number of items reported as pre-experimentally known
was 0, ranging up to 11. If we use Coutanche and Thomp-
son-Schill’s (2014) procedure of removing participants
with more than half of the stimuli judged as familiar, this
would mean removing one participant in the FM-r con-
dition who said they were familiar with 11 of the 16
animals. However, we suspect this high number can be
attributed to button mapping error or misinterpreting
instructions, so it was assumed they were unfamiliar with
all items, as for the median participant. In any case, the
FM-r condition was not of primary interest for replication
of Coutanche and Thompson-Schill’s (2014) findings
regarding the FM and EE conditions.

In order to test the lexicalisation hypothesis of Cou-
tanche and Thompson-Schill (2014), the data were first
analysed by collapsing across the two within-participant’s
factors, i.e., semantic category of the study item and
semantic congruency with the hermit word, in order to
match the initial analyses done in Experiment 1 and Cou-
tanche and Thompson-Schill (2014).5 As in Coutanche &
Thompson- Schill, this analysis was done on the mean of
trimmed RTs.

This analysis was then expanded to include the within-
participant factor of semantic congruency, to test the post
hoc finding from Experiment 1. As in Experiment 1, we
transformed RTs rather than trimmed them, though this
time the inverse transform was not sufficient to render
Gaussian, so a log-inverse transform was used. Finally,
the analysis was extended to add the within-participant
factor of semantic category (of the unknown object) and
expanded to a mixed effect model, in order fit to individual
trials, as in Experiment 1.

The R code and data are available in OSF: https://osf.io/
dpvbf/.

Results

Main planned comparisons: competition RTs in
Implicit Task
Though this experiment was powered to detect a modu-
lation of the competition effect by congruency in the
FM group (semantic priming in the implicit task), we
start by reporting a second test of the proposed
greater competition effect in the FM groups than EE
groups (averaged across congruency) that was reported
by Coutanche and Thompson-Schill (2014) and tested in
Experiment 1.

Table 1 (middle) shows the means of trimmed RTs for
correct trials (as well as mean number of such trials from
which the means were estimated) for FM, FM-r and EE
groups, split by whether or not a neighbour was studied,
but averaged over natural/man-made referent and

MEMORY 1331

http://www.jspsych.org/
https://www.jatos.org/
https://healthabc.nia.nih.gov/sites/default/files/dsst_0.pdf
https://healthabc.nia.nih.gov/sites/default/files/dsst_0.pdf
https://osf.io/dpvbf/
https://osf.io/dpvbf/


congruency. These are also plotted in Panel G of Figure 2,
along with the competition effect (studied – unstudied) in
Panel H. There was now a small positive competition effect
in the FM group but not EE or FM-r group, but it was much
smaller than in Coutanche and Thompson-Schill (2014).
Indeed, the planned one-tailed, unpaired t-test for
whether the mean competition effect was bigger for the
FM group (+4.23 ms) than EE group (−6.94 ms) did not
reach significance, t(118) = 0.98, p = .16, with an estimated
Cohen’s d of +0.18.

The second planned comparison for semantic priming
within the FM groups also did not reveal a significant
effect, i.e., failed to replicate the congruency effect
observed in the post hoc analysis of Experiment 1. The
one-tailed, paired t-test on log-inverse transformed RTs
within the FM groups (collapsed over referent category)
provided no evidence that the competition effect for
Congruent trials (M = +1.45 ms) was smaller than for
Incongruent trials (M =−6.22 ms), t(59) =−0.73, p = .77,
d =−0.095.

As in Experiment 1, we also modelled the data using a
mixed ANOVA and then linear mixed effects models (see
Supplementary Materials). However, despite some numeri-
cal trends, we again failed to find any significant effects.
Analyses of the accuracy in the three explicit and implicit
memory tasks have also been reported in the Supplemen-
tary Materials.

Post-Hoc analyses
In a later study, Coutanche and Koch (2017) claimed that
the FM lexical competition effect is modulated by the
typicality of the referent item, a factor that was not con-
trolled by Coutanche and Thompson-Schill (2014) and
hence also not considered in our attempt to replicate
their findings. However, it is possible that the typicality
of referent items differed between studies, potentially
explaining our failure to replicate the 2014 findings. To
address this possibility, we obtained typicality ratings for
the referent items used in our experiments from an inde-
pendent group of 27 participants and compared them
against the typicality rating means and SDs reported in
Coutanche and Koch (2017) for stimuli from both their
studies. The results (see Supplementary Material) revealed
that the referents in Coutanche and Thompson-Schill
(2014) were rated as significantly more typical (by their
raters) than were the referents used in our Experiment 1
and Experiment 2 (by our raters6). The findings of Cou-
tanche and Koch (2017) suggest that more atypical refer-
ents should result in greater lexical competition, hence, it
seems unlikely that our failure to replicate owes to refer-
ent typicality. Nevertheless, since we could only compare
the means of ratings (by different populations in different
studies), we could not reliably test whether more atypical
referents might have led to greater lexical competition
effects. Hence, we investigated this possibility in Exper-
iment 3.

Experiment 3

In this experiment, we attempted again to replicate Cou-
tanche and Thompson-Schill’s (2014) same-day lexicalisa-
tion after FM learning, this time manipulating the
typicality of the referents with which the unknown items
were studied. We divided the items into two sets such
that one half of the items were studied with typical refer-
ents and the other half with atypical referents (as deter-
mined by independent typicality ratings). Coutanche and
Koch (2017) found a significant main effect of referent typi-
cality on the size of the lexical competition effect, and
reasoned that typicality plays a strong role in the neural
organisation of concepts in the anterior temporal lobes
(which were proposed to underlie fast mapping by
Sharon et al., 2011). In a subset of their participants, they
showed that atypical referents led to lexical competition
while typical referents led to significant facilitation in
RTs. However, findings were not reported for their full
FM group (n = 30), with a second subset exhibiting
neither competition nor facilitation effects. Nevertheless,
if the findings of Coutanche and Koch (2017) hold, we
would expect to see a significant lexical competition
effect in at least the atypical condition, hence showing
same-day lexical competition effects after FM learning as
in Coutanche and Thompson-Schill (2014). This exper-
iment was pre-registered on OSF (https://osf.io/wqf83).

Methods

Experiment 3 was identical to Experiment 2 with two
exceptions: (1) we only had an FM condition, and (2) we
included an additional within-participant factor of Referent
Typicality (see Supplementary Material). Hence, the exper-
iment had a single FM learning condition, with a between-
participant factor of Category (natural or man-made
items), and a within-participant factor of Referent Typical-
ity (atypical or typical referent).

Participants
Seventy adult participants (aged 18–40) were recruited
through Prolific. The final dataset was comprised of 64 par-
ticipants7 who were randomly allocated to one of the two
between-participant conditions: FM-natural and FM-man-
made (N = 32 in each group: 14 females and mean age
31.03 years in the “FM-natural” condition; 13 females and
mean age 29.19 years in the “FM-man-made” condition).8

For the lexical competition effect, we powered this
study using the effect size of Cohen’s d = 0.67 reported
by Coutanche and Thompson-Schill (2014) for studied vs.
unstudied items in the FM condition. Our sample size of
N = 64 provides 99.9% power to detect an effect size of
this magnitude or greater using a one-tailed, paired-
sample t-test. However, if the effect is only expected in
the atypical condition (all referents in Coutanche and
Thompson-Schill’s Experiment 1 were mid-typicality), our
power might be reduced by virtue of having half as
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many trials within participants. Nonetheless, estimating a
revised effect size of 0.67/sqrt(2) = 0.48 instead, our
power is still 97.8% (though the precise change in power
from reduced trial numbers depends on the relative size
of within- versus between-participant variance; Baker
et al., 2021). To test for semantic priming, we averaged
the effect sizes of d = 0.55 and d =−0.095 from our Exper-
iments 1 and 2 respectively, i.e., d = 0.23, which results in
55% power to detect the effect with a one-tailed, paired-
sample t-test. Consequently, we might not have power
to detect such a small semantic priming effect if present,
but note that semantic priming is only of secondary inter-
est of this study, for which we might not be able to make
strong conclusions.

All participants provided informed consent prior to the
study and were compensated financially for their time.
They reported being monolingual English speakers, who
were currently residing in the UK, since the stimuli were
normed for a UK population. Participants also reported
having normal or corrected-to-normal vision. They had
previously participated in online studies on the Prolific
platform (https://prolific.co/) with an approval rating of
at least 98%. The programme of research was reviewed
by Cambridge Psychological Research Ethics Committee
and received a favourable opinion (reference CPREC
2020.018). Procedures accorded with the Declaration of
Helsinki.

Stimuli
The hermit words, invented neighbours and unfamiliar
items were identical to those in Experiment 2. Pictures of
typical and atypical referents from the same semantic cat-
egory as the unfamiliar items were sourced from the inter-
net. Typicality was determined in an independent ratings
study with n = 27 participants (see Supplementary
Material). Following the approach used by Coutanche
and Koch (2017), which relied on Ruts et al. (2004), we
asked participants to rate the typicality of 162 exemplars
across various semantic categories (e.g., bird, mammal,
musical instrument) on a 20-point scale. From these
ratings, we selected the 16 most typical and 16 most aty-
pical items for each study category (natural and man-
made). As in previous experiments, the assignment of
stimulus set to study neighbour was counterbalanced
across groups, with each set consisting of an equal
number of 16 participants in each condition. The stimuli
can be accessed here: https://osf.io/vjcd6/.

Procedure
The experimental procedure was identical to the FM group
described in Experiment 2.

Analyses
As in previous analyses, items that were reported as known
prior to the experiment were excluded from analyses of
Recall, 3AFC, and the semantic decision task. The median

number of items reported as pre-experimentally known
was 0, ranging up to 7.

The main focus of this experiment was the influence of
referent typicality on lexical competition effects, specifi-
cally investigating whether the presence of atypical refer-
ents would enhance these competition effects. The data
were first analysed by collapsing across the two within-
participant’s factors: semantic category of the study item
and the semantic congruency with the hermit word. As
in Coutanche and Thompson-Schill (2014), this analysis
was conducted on mean RTs after trimming.

Subsequently, the analysis was expanded to include
the within-participant factor of semantic congruency, to
test the post hoc finding from Experiment 1 (though
not found in pre-registered Experiment 2). Similar to pre-
vious experiments, we transformed the RTs instead of
trimming them, using an inverse transform as employed
in Experiment 1. Additionally, we examined the within-
participant factor of semantic category of unknown
object.

Finally, we combined the data from all FM groups
across all three experiments to examine whether lexical
competition effects were significant for the subset of
items studied with atypical referents.

The R code and data are available in OSF: https://osf.io/
dpvbf/.

Results

Main planned comparisons: competition RTs in
implicit task
The bottom section of Table 1 presents the number and
means of trimmed RTs for correct trials in the FM group,
categorised based on whether a neighbour was studied.
These values were consistent with those observed in pre-
vious experiments. These are also plotted in Panel J of
Figure 2, along with the competition effect (studied –
unstudied) in Panel K.

The primary analysis focused on the impact of referent
typicality on lexical competition, averaged across stimulus
type and semantic congruency. An ANOVA on trimmed
RTs with factor Study and nested factor Referent Typicality
(since by definition “unstudied” items do not have refer-
ents) revealed a significant interaction effect between
Study and Referent Typicality, F(1,126) = 5.42, p = .02,
with longer RTs for neighbours of words studied with aty-
pical than typical referents. However, there was no main
effect of Study, F(1,126) = 0.79, p = .37. A direct test of
lexical competition effect for only the atypical referents
failed to show significant slowing in RTs for studied
items compared to unstudied items, t(63) = 0.44, p = .33,
one-tailed, with Cohen’s d of 0.05. For typical referents,
however, we found a significant speeding in RTs for
studied items compared to unstudied items, t(63) =
−2.07, p = .043, two-tailed, d = 0.26. The latter might
reflect a form of semantic priming, which is further
explored below.

MEMORY 1333

https://prolific.co/
https://osf.io/vjcd6/
https://osf.io/dpvbf/
https://osf.io/dpvbf/


The secondary planned analysis aimed to replicate the
congruency effect of semantic priming found in Exper-
iment 1, but not Experiment 2, which predicts a speeding
in RTs for studied items when the studied neighbour was
congruent with the semantic judgement, but a slowing
when incongruent. Though numerically in the expected
direction, a one-tailed, paired t-test on inverse transformed
RTs (collapsed over referent typicality and category) did
not support the competition effect for Congruent trials
(M =−27.75 ms) being significantly smaller than for Incon-
gruent trials (M =−16.17 ms), t(63) = 0.91, p = .18, d =
−0.11.

As in previous experiments, we also modelled the data
using linear mixed effects models (see Supplementary
Materials) and failed to find any significant effects. Ana-
lyses of the accuracy in the three explicit and implicit
memory tasks have been reported in the Supplementary
Materials.

Combined analysis across Experiments 1–3 of lexical
competition in FM groups
In a final analysis, we combined the trial-averaged,
trimmed RTs for the FM groups across Experiments 1–3
(combined N = 152). The combined effect size for the com-
petition effect in the FM group was Cohen’s d =−0.06,
with a 95% confidence interval of [−0.383, +0.258]. The
sample size of Experiment 1 of Coutanche and Thomp-
son-Schill (2014) meant that it had 33% power to detect
an effect size as small as d = 0.438, which is outside this
confidence interval, and so according to Simonsohn
(2015), our data are inconsistent with the notion that the
true effect is large enough to have been detectable by
the original Coutanche and Thompson-Schill (2014)
experiment.

We also estimated Bayes Factors for T-tests as
suggested by Rouder et al. (2009), using the default
Cauchy prior scaled at sqrt(2)/2 (medium
scaling) (Morey & Rouder, 2015). The Bayes Factor rep-
resents the odds ratio for one hypothesis (e.g., the null
hypothesis that there is no competition effect in the FM
groups) versus another (e.g., the alternative, directional
hypothesis that lexical competition is greater than 0).
The Bayes Factor for the null was BF01 = 18.51, supporting
no true effect.

Finally, for completeness, we also combined the con-
gruency data with Natural items from the FM Groups
across all three experiments. This showed a significant
difference in the competition effect for congruent versus
incongruent trials, t(89) =−2.40, p = .009, BF10 = 3.44, d =
−0.25. However, this was not the case for Man-made
items (across Experiments 2–3), t(61) = 0.97, p = 0.83,
BF01 = 13.3, d =−0.12.

General discussion

There is a continuing debate about whether or not there
are fast mapping (FM) processes that are distinct from

normal episodic encoding, particularly in adults (Cooper
et al., 2019a). Coutanche and Thompson-Schill (2014)
reported evidence for FM in healthy adults using an
implicit measure of memory, namely reaction times (RTs)
in a semantic decision task, which occurred after a fast
mapping (FM) learning condition, but not after a more
conventional explicit encoding (EE) condition. In this
study, invented neighbours (e.g., “ganaxy”, “naskin”) of
hermit words (“galaxy”, “napkin”) were learned as names
of unfamiliar animals, with the logic that if these invented
words are integrated into the lexicon, they will interfere
with recognition of the original hermit words, i.e., slow-
down RTs, as has been demonstrated in the classic “com-
petition effect” on word recognition (Andrews, 1996;
Bowers et al., 2005; Davis & Taft, 2005). Coutanche and
Thompson-Schill (2014) reported such a competition
effect in their FM condition, i.e., significant slowing of
RTs to hermit words when a new neighbour had been inci-
dentally learned as unfamiliar animal name during the
study phase 10 min earlier. There was no such slowing in
their EE condition, and the interaction was significant
such that the competition effect was significantly greater
in the FM than the EE condition. The authors concluded
that only the FM condition enables same-day lexical
integration.

However, in the present Experiments 1 and 2, powered
at 82% and 98% respectively based on the effect size of d
= 0.69 reported by Coutanche and Thompson-Schill (2014)
for the interaction between competition effect and learn-
ing group, we were unable to replicate a greater compe-
tition effect in the FM than EE condition. Indeed, neither
of these two experiments, nor Experiment 3 (which only
included an FM condition), showed any significant RT evi-
dence of same-day lexical integration following FM.
Indeed, when combining the data across all three exper-
iments, Bayes Factors supported the null hypotheses of
no difference between hermit words with studied versus
unstudied neighbours in the FM condition. This is
despite the fact that the FM and EE tasks were sufficiently
different for us to detect a difference in explicit memory
performance, with the pattern in the current experiments
echoing that in previous work (see Introduction), i.e., worse
explicit memory in the FM task than EE task (with the FM-r
task failing in between, as in Cooper et al., 2019b).

Though there was no evidence of Coutanche and
Thompson-Schill’s lexical competition effect, in a post-
hoc analysis of our Experiment 1, we split the implicit
test trials into natural versus man-made hermit words,
and found an RT speeding for natural words (e.g.,
“galaxy”), but slowing for man-made words (e.g.,
“napkin”), in the FM condition, but not the EE condition.
Since all to-be-learned items in Experiment 1 were
animals, we speculated that this pattern reflects facilitatory
versus inhibitory semantic priming effects for items from
the same versus opposite category respectively (which
cancel out to produce no net effect when averaged
across word-type). Moreover, we suggested that the
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presence of a semantically-related referent in the FM but
not EE condition might explain why these priming
effects were only found in the former (see Discussion to
Experiment 1 for more details). We therefore expanded
the design in Experiment 2 to test these hypotheses, by
(1) adding a group for whom the unfamiliar objects were
man-made rather than natural, and (2) including a third
FM-r condition without a semantic referent. However,
despite having 96% power to detect an effect size of
Cohen’s d = 0.55 from Experiment 1, Experiment 2 failed
to find any evidence in support of our post hoc semantic
priming hypothesis, when collapsing over referent type,
and failed to find any difference between whether or not
a referent was included at all. Experiment 3 also found
no evidence of this semantic congruency effect when col-
lapsing over referent type.

However, it is worth noting that there was evidence of
semantic congruency when restricting analysis of Exper-
iments 2–3 to natural items (Table 2). This was the only
referent category used in Experiment 1, and in Coutanche
and Thompson-Schill (2014). Indeed, a combined analysis
across all three of the present experiments provided
strong evidence of semantic congruency effects for
natural items. This was not the case for man-made items,
which explains why the effect of congruency did not
reach significance when averaging across these two refer-
ent types. We do not know why the category of the items
makes such a difference to congruency effects – it might
be because participants re-interpret the semantic decision
task from “natural or man-made?” to “is it natural: yes/no”,
with congruency only affecting affirmative responses – but
this a topic for future experiments, since the focus here
was on the basic lexical competition effect collapsed
across congruency.

Another plausible explanation for any differences
between our Experiments 2 and 3 in comparison to our
Experiment 1, as well as our Experiments 2 and 3 and
those conducted by Coutanche and Thompson-Schill
(2014), could be attributed to less reliable data are col-
lected online (rather than in the laboratory). For
example, there are concerns over measurement error in
recording RTs, given the range of hardware/browsers
used by participants. However, these concerns do not
seem to apply to within-participant measures, which sub-
tract out systematic differences in RTs across participants
(see Anwyl-Irvine et al., 2021; Bridges et al., 2020), which
may be why online studies have replicated many RT differ-
ences detected in laboratory settings (e.g., Kochari, 2019;
Semmelmann & Weigelt, 2017). Thus we think an RT
measurement error is unlikely to be a problem. It is also
possible that participants were not as motivated when
tested online, or took extra breaks between sessions,
which would be consistent for example with numerically
worse accuracy for the semantic decision task in Exper-
iments 2 and 3 than Experiment 1. However, RTs on that
task, as well as accuracy on the explicit memory test,
were comparable across our experiments, and comparable

with those in Coutanche and Thompson-Schill (2014). Thus
we do not think the online nature of data collection in
Experiments 2 and 3 is a likely problem.

It is possible that minor methodological details caused
our failure to replicate Coutanche and Thompson-Schill’s
(2014) findings. For example, the presence of explicit
memory tests (recall and 3AFC) before the implicit test
could have affected performance (RTs) on the implicit
test, somehow eliminating the competition effect. While
this might explain the lack of a competition effect in our
FM task, this does not explain the presence of a compe-
tition effect in Experiment 1 of Coutanche and Thomp-
son-Schill (2014), which used the same test order as us.
However, future studies might be needed to systematically
investigate and account for potential carry-over effects
that may arise from the test order. Another possibility is
the semantic trait of the participants. As mentioned in
the Results section of Experiment 1, Coutanche and Koch
(2017) reported that the competition effect was stronger
in participants with high “semantic trait score”.9 We do
not have such trait scores for the present participants,
but we see no reason why our participants should have
lower (or higher) such scores than the participants in the
original Coutanche and Thompson-Schill (2014) study.
While participants in the FM group of Experiment 1 hap-
pened to have lower verbal intelligence scores (on
WAIS), linear models provided no evidence that verbal IQ
modulated the size of any lexical competition effects.

Finally, a third possible methodological difference was
the choice of referent object during study. Coutanche
and Koch (2017) claimed that the less typical the known
referent in the FM condition, the more evidence there
should be for same-day lexicalisation (see also Coutanche,
2019). Experiments 1 and 2 used our own set of normed
stimuli from Greve et al. (2014) and Cooper et al.
(2019b), to ensure that unknown and known items
fulfilled their brief for UK rather than US participants.
Post-hoc analyses showed that the typicality of our
known referents in Experiments 1 and 2 was significantly
lower than the typicality of the referents in Coutanche
and Thompson-Schill (2014), suggesting that we should
have seen larger lexical competition effects. We then
also conducted Experiment 3 to specifically investigate
the effects of referent typicality on lexical competition in
the FM group, using more extreme atypical and typical
referents, like in Coutanche and Koch (2017). However,
the results of Experiment 3 failed to provide any evidence
that more atypical referents result in larger lexical compe-
tition effects. While we saw significant speeding in RTs in
the typical condition, resulting in a significant difference
between the typical and atypical conditions, we did not
observe significant lexical competition in the atypical con-
dition. The facilitation effect in the typical condition was
also documented in a subset of the participants in Cou-
tanche and Koch (2017), but this speeding is not the
effect expected from Coutanche and Thompson-Schill’s
theory (2014; Coutanche & Koch, 2017) and provides no
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evidence of fast mapping. Moreover, the a priori reason for
this boundary condition of typicality is debatable: some
theories of semantic activation would seem to predict
that a more, not less, typical item should support lexical
integration (Rosch & Mervis, 1975; see also, Cooper et al.,
2019c; and Mak, 2019; though see Coutanche, 2019; and
Zaiser et al., 2019, for counter-arguments). Thus, we
remain sceptical that differences in semantic traits of par-
ticipants or typicality of the referent object caused the
failure to replicate Coutanche and Thompson-Schill (2014).

Despite our difficulties replicating the effect, it is of
course still possible that an effect exists, but its effect
size is likely to be smaller than the medium-to-large
effect originally reported by Coutanche and Thompson-
Schill (2014). There is a known replication crisis in psychol-
ogy due to a number of factors (Wiggins & Christopherson,
2019), one of which is that published effect sizes are likely
to be larger than the true effect size (e.g., owing to a bias to
only report significant results; Anderson & Maxwell, 2017).
If the FM task (but not EE task) does cause same-day lexi-
calisation, but the effect size is much smaller, it becomes
less interesting in terms of practical implications (Diener
& Biswas-Diener, 2018), particularly if it is sensitive to
boundary conditions such as participant traits (see pre-
vious paragraph). Nonetheless, a small but non-zero
effect size still has theoretical implications (e.g., over
whether the FM condition engenders a qualitatively
different type of memory encoding; see Introduction).
Thus while we (or a future meta-analysis) could calculate
an updated effect size across multiple experiments, we
prefer the “categorical” approach of Simonsohn (2015),
or Bayes Factor approach, i.e., to claim that it is more
likely that there is no effect (i.e., true effect size is 0).

The present experiments only question the behavioural
evidence for FM as a distinct type of learning. Neuroima-
ging experiments have suggested distinct neural com-
ponents. Scanning brain activity with fMRI during the
study phase could reveal differences simply due to the
different stimulus arrays (e.g., presence of a referent in
the FM but not EE condition), while differences in the
test phase could reflect incidental retrieval of the referent,
even if that retrieval does not affect memory for the target
name (see Cooper et al., 2019a). Zaiser et al. (2022)
reported greater fMRI response in perirhinal cortex associ-
ated with later remembered versus forgotten names for
items with high compared to low feature overlap, but
did not include an EE condition. Two event-related poten-
tials (ERP) studies (Shtyrov et al., 2021, 2022) reported
changes in the ERP to spoken words after, versus before,
being studied under FM or EE conditions. Though these
studies did not test lexical competition effects via RTs
like in Coutanche and Thompson-Schill (2014), the
authors claimed that different study conditions caused
different changes in the ERP to the newly learned word.

Indeed, in the later study (Shtyrov et al., 2022), the mag-
nitude of the ERP change in an early component predicted
explicit memory performance in the FM task, whereas that

of a later component predicted explicit memory in the EE
task.10 While these ERP studies do suggest that different
types of representations are established following FM or
EE learning conditions, they do not demonstrate that
these differences reflect fast cortical mapping, e.g., lexica-
lisation necessary to produce the RT competition effect,
and future work is needed to check the ERP differences
do not reflect differences in memory strength (e.g., stron-
ger in EE condition, given that explicit memory was better
for EE than FM, as in all previous studies in this paradigm),
or even incidental retrieval of different source (context)
information from the different study conditions.

Finally, we should clarify that we are not claiming that
fast cortical mapping (FCM) does not exist. Indeed, we
believe that some types of FCM does occur, i.e., rapid
but long-lasting changes in the cortex that are indepen-
dent of the hippocampus (e.g., in long-term priming). We
also accept that one could investigate a hypothetical
process of “fast mapping” without committing to any
specific neural bases (e.g., without the “cortical” vs “hippo-
campal” distinction), as is common in the developmental
literature (see Cooper et al., 2019c, for further discussion).
Rather, what we are claiming is that there is little evidence
for such a distinct process provided by the specific FM
paradigm introduced by Sharon et al. (2011) and extended
to implicit measures by Coutanche and Thompson-Schill
(2014).

In conclusion, we failed to replicate any difference
between FM and EE conditions using an implicit measure
of same-day lexicalisation; indeed, we failed to find any
evidence of same-day lexicalisation in any condition. This
further questions the existence of a fast mapping
process uniquely revealed by the current FM paradigm,
at least in adults.

Notes

1. When one condition (FM) produces lower overall performance
than another (EE), one must be careful that smaller or absent
effects of another variable (like sleep or retention interval)
on the former (FM) do not simply reflect reduced range for
finding an effect (e.g., “attenuation” or “floor” effect).

2. A model with random slopes too did not converge.
3. Thirteen participants were removed either because perform-

ance did not meet data quality checks specified in our pre-
registration document, e.g., low study phase performance,
self-report that a participant did not understand some
instructions, or erroneous responses in the free-type
boxes, e.g., the recall test. Replacements were: Five partici-
pants in FM-Natural, four in the FM-r-Natural, two in FM-
Man-made, one in FM-r-Man-made, and one in EE-Man-
made.

4. The pre-registration incorrectly stated N = 30 per group, rather
than N = 60, forgetting that this test can in principle collapse
over the referent category.

5. This parametrisation differed from what was pre-registered,
where we stated that the factors would refer to semantic cat-
egory of referent and semantic category of hermit word, but
the equivalent, re-parametrisation by congruency aids com-
parison with Experiment 1.
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6. Results were similar even when both sets of stimuli were rated
by the same group of participants (see Supplementary
Materials)

7. 2 participants faced technical problems, and 4 participants
reportedpre-experimental knowledgeof the “unknown” images.

8. Age and sex were unavailable for 1 participant.
9. Though they do not report an analysis that collapses over par-

ticipant traits and all conditions, thus not reporting a complete
replication of the lexical competition effect under FM as orig-
inally reported by Coutanche and Thompson-Schill (2014).

10. It is worth noting the different ERP correlates came from sep-
arate regressions within each condition, with no direct com-
parison of regression slopes across conditions; statistical
evidence for such an interaction would bolster claims for a
neural dissociation.
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