
Received: 9May 2022 Revised: 30 January 2023 Accepted: 4 February 2023

DOI: 10.1111/desc.13377

R E S E A RCH ART I C L E

Robustness of the cognitive gains in 7-month-old bilingual
infants: A closemulti-center replication of Kovács and
Mehler (2009)

Sybren Spit1 Andreea Geambașu1 Daan van Renswoude1 Elma Blom2,3

Paula Fikkert4 Sabine Hunnius4 Caroline Junge2 Josje Verhagen5

Ingmar Visser5 FrankWijnen2 Clara C Levelt1

1Leiden University, Leiden, The Netherlands

2Utrecht University, Utrecht, TheNetherlands

3AcqVAAurora, UiT The Arctic University of

Norway, Tromsø, Norway

4RadboudUniversity, Nijmegen, The

Netherlands

5University of Amsterdam, Amsterdam, The

Netherlands

Correspondence

Sybren Spit, Leiden University, Leiden, The

Netherlands.

Email: S.B.Spit@uva.nl

Sybren Spit and Andreea Geambașu share first
authorship.

Funding information

Dutch Research Council, Grant/Award

Number: 401.18.044

Abstract

Wepresent an exact replicationof Experiment 2 fromKovács andMehler’s 2009 study,

which showed that 7-month-old infants who are raised bilingually exhibit a cognitive

advantage. In the experiment, a sound cue, following anAABorABBpattern, predicted

the appearance of a visual stimulus on the screen. The stimulus appeared on one side

of the screen for nine trials and then switched to the other side. In the original exper-

iment, both mono- and bilingual infants anticipated where the visual stimulus would

appear during pre-switch trials. However, during post-switch trials, only bilingual chil-

dren anticipated that the stimulus would appear on the other side of the screen. The

authors took this as evidence of a cognitive advantage. Using the exact samematerials

in combination with novel analysis techniques (Bayesian analyses, mixed effects mod-

eling and cluster based permutation analyses), we assessed the robustness of these

findings in four babylabs (N = 98). Our results did not replicate the original findings:

althoughanticipatory looks increased slightly during post-switch trials for both groups,

bilingual infants were not better switchers than monolingual infants. After the origi-

nal experiment, we presented additional trials to examine whether infants associated

sound patterns with cued locations, for which we did not find any evidence either.

The results highlight the importance ofmulticenter replications andmore fine-grained

statistical analyses to better understand child development.
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∙ We did not replicate the findings of the original study, calling into question the

robustness of the claim that bilingual infants have enhanced cognitive abilities.

∙ After the original experiment, we presented additional trials to examine whether

infants correctly associated sound patterns with cued locations, for which we did

not find any evidence.

∙ The use of novel analysis techniques (Bayesian analyses, mixed effects model-

ing and cluster based permutation analyses) allowed us to draw better-informed

conclusions.

1 INTRODUCTION

A question that has received much attention in language acquisition,

both theoretically and practically, is whether growing up with more

than one language comes with drawbacks, with benefits, or both. It

has been shown that while mild disadvantages may occur in some

domains (e.g., smaller vocabularies in each language, slower language

production in each language; Bialystok et al., 2004; Byers-Heinlein &

Lew-Williams, 2013; Werker & Byers-Heinlein, 2008), bilinguals may

experience a cognitive boost due to the experience they gain inmanag-

ing and monitoring more than one language (Bialystok, 2009). In other

words, the continued practice of flexibly using several languages may

provide bilinguals with domain-general benefits in attentional control.

Thesebenefits donot require a lifetimeof experiencewithmultiple lan-

guages, but seem to emerge already within the first year of a child’s

life. While previous studies had shown such benefits with adults who

had been bilinguals from an early age (Bialystok, 2011; Bialystok et al.,

2009), Kovács and Mehler’s seminal (2009) study showed that infants

of 7 months old who had been exposed to two languages from birth

outperformed monolingual infants in attentional control, as tested in

a series of visual switch tasks.

In each of the tasks presented by Kovács and Mehler (2009), 20

monolingual and 20 bilingual infants looked at a display showing two

boxes: one on the left, and one on the right. The task consisted of 18

trials, in which a visual stimulus appeared in one of these two boxes,

andduringwhich infants’ eye-movementsweremeasuredusing aneye-

tracker. During nine pre-switch trials, this stimulus was consistently

presented on one side of the screen. In nine post-switch trials, the stim-

uluswas shownon the other side. In each of the three experiments that

Kovács and Mehler conducted, the visual stimulus was preceded by a

particular cue that could help children anticipatewhere the visual stim-

ulus would occur. In the first experiment, these cues were 18 different

auditorily-presented trisyllabic non-words. In the second experiment,

the cues were again auditorily-presented trisyllabic non-words, but

now all pre-switch cues had a particular structure (e.g., AAB), which

was different from the structure in the post-switch trials (e.g., ABB).

In the third experiment, the cue was visual: infants would see differ-

ent triplets of shapes (e.g., circle-circle-triangle) for each of the 18

trials.

Results from all three experiments showed that both mono- and

bilingual infants anticipated where the visual stimulus would appear

during pre-switch trials and looked faster towards the correct side of

the screen as the trials progressed. Yet, during post-switch trials, only

bilingual children learned to anticipate that the stimulus would now

appear on the other side of the screen, indicating they could better

suppress the behavior learned in the first phase of the experiment.

These findings provide one of the major pieces of evidence for ben-

efits in general cognition of infants being raised bilingually (see also

Comishen et al., 2019). However, several scholars have been unable

to replicate the findings from Kovács and Mehler in partial or concep-

tual replications (e.g., D’Souza et al., 2020; Kalashnikova et al., 2021;

Dal Ben et al., 2022). While all three experiments presented in Kovcs

and Mehler (2009) yielded bilingual advantages, we focused on repli-

cating Experiment 2 as closely as possible. This experiment used a

linguistic pattern as a cue for visual switching, “because 7-month-old

infants and even newborns discriminate these regularities” (Kovács &

Mehler, 2009, p. 6557). Although the original evidence that this claim

was based on (Marcus et al., 1999) has been debated (Geambașu et al.,
2022), we might still argue that this experiment provides the most

direct test of the idea that bilingualism leads to a cognitive advantage.

The presence of structured linguistic input in the experiment could be

helpful in anticipating where the visual stimulus will occur, and thus

guide switching behavior. As such, it might be a miniature model of the

linguistic environment in which bilinguals grow up, where they have to

distinguish between input in different languages and switch between

those languages. Below we first provide more background on atten-

tional control in bilinguals and discuss our approach in replicating this

experiment.

2 ATTENTIONAL CONTROL IN BILINGUALS

Bilinguals’ enhanced attentional control is thought to develop as a

result of dual language management and monitoring the appropriate

language for each communicative interaction, where one of the two

active languages needs to be inhibited when switching to the other

(Bialystok, 2001; 2015; Costa et al., 2009; see Antoniou, 2019, for an

extended review). Bilinguals need to recognize the different contexts
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in which languages are spoken, and must inhibit the language not

appropriate in a particular communicative setting. Adapting to such

demands is thought to lead to an increase or more efficient use of

neural reserves that translates into better attentional control (Abu-

talebi & Green, 2016; Green & Abutalebi, 2013). This idea is backed

up by numerous experimental studies that show that bilingual adults

have better working memory, and perform better than monolinguals

on inhibition or switching tasks (e.g., Bialystok, 2009; Hilchey & Klein,

2011; Kroll & Bialystok, 2013; Valian, 2015, but see e.g., Paap &

Greenberg, 2013 for a critical evaluation of studies showing better

performance by bilinguals).

The cognitive processes that are necessary to control and plan

behavior are often investigated in older children and adults with tasks

like the Simon task (Simon, 1969) or theFlanker test (Eriksen&Eriksen,

1974). In the Simon task, participants see two types of visual stim-

uli on a screen. For one stimulus, participants need to give a leftward

response, and for the other a rightward response. Importantly, stim-

uli are presented on the left and right side of the screen, but this is

unrelated to the response participants are required to give. Typically,

reaction times increase when presentation side and response side are

incongruent, but bilingual participants reportedly have less difficulty

resolving this incongruence (e.g., Bialystok et al., 2005; Poarch & van

Hell, 2012). In the Flanker task, participants see arrows pointing in var-

ious directions on each trial, either all in the same direction, or with the

middle arrow pointing in a different direction than the other arrows.

When the arrows are all pointing rightwards, participants must give a

rightward response, whereas when the middle arrow is pointing left-

wards, in the opposite direction from the rightward arrows, they have

to give a leftward response. As in the Simon task, participants typically

have more difficulty responding when the presented stimulus occurs

in an incongruent situation, that is, when the middle arrow is flanked

by arrows pointing in the opposite direction. Again, bilinguals have

less difficulty performing such a task than monolinguals (e.g., Kapa &

Colombo, 2013; Yang&Yang, 2016; Yoshida et al., 2011),which is often

taken as an indication of enhanced attentional control.

Because bilingual children need to monitor and manage their lan-

guages from early on, attentional control is thought to develop more

rapidly in bilingual than in monolingual infants (Kovács & Mehler,

2009). However, the results reported in the literature are inconsis-

tent, and mainly stem from studies with adults or older children.

Although several studies reported better performance for bilinguals on

attentional control tasks compared to monolinguals (Antoniou, 2019),

others argue the bilingual advantage is an overestimated phenomenon

(e.g., Paap&Greenberg, 2013). The effects are often contingent on spe-

cific task conditions, age, and experiencewith the language (Blomet al.,

2014; De Cat et al., 2018; Hilchey & Klein, 2011; Poarch, 2018; see

Ware et al., 2020 for a meta-analysis), and are likely to be restricted to

specific circumstances (Paap et al., 2015; van den Noort et al., 2019;

Verhagen et al., 2020). Recent meta-analyses (de Bruin et al., 2015;

Lehtonen et al., 2018) and studies using larger samples than typi-

cal in studies on multilingualism (Duñabeitia et al., 2014; Gathercole

et al., 2014) did not find evidence for better performance in bilingual

school-aged children and young adults. This also raises the question of

the replicability of better performance on tasks by bilingually-raised

infants, especially because they have very little or no experience using

(i.e., producing and suppressing) language in their first year.

3 CURRENT STUDY

The original study by Kovács and Mehler (2009) is often cited as an

example of the benefits of bilingualism in early childhood (e.g., Anto-

niou, 2019; Siegler et al., 2014); during the post-switch phase, the

bilingual infants were better at inhibiting what they had learned dur-

ing the pre-switch phase than the monolingual control group. Several

researchers carried out partial or conceptual replications of the origi-

nal study (Dal Ben et al., 2022; D’Souza et al., 2020; Kalashnikova et al.,

2021), but were unable to replicate the original findings. Kalashnikova

et al. (2021) replicated the first and third experiment of Kovács and

Mehler (2009), but constructed novel cue stimuli based on the origi-

nal stimuli, and also presented childrenwithmore pre- and post-switch

trials (12, as compared to 9 in the original study). Using this slightly

altered set up, they found that both monolingual and bilingual children

learned to anticipate where the reward would occur on the screen,

but they did not find any group differences during the post-switch

trials, as was observed and taken as evidence for a better perfor-

mance by bilingual infants in the original study. The replication effort

by D’Souza et al. (2020), which consisted of a replication of Experi-

ment 3with “arguablymore engaging” stimuli, also did not show better

performance by bilingual children.

Furthermore, Dal Ben et al. (2022) presented a reanalysis of the

data from theD’Souza et al. (2020) andKalashnikova et al. (2021) stud-

ies, supplemented by a conceptual replication of the third experiment

from Kovács andMehler (2009). This study also did not yield the same

results as in the original paper. Specifically, the authors found evidence

that bilinguals were better at anticipating where the reward would

occur during post-switch trials than monolinguals, as was found in the

original study, but they also observed that monolinguals were often

better than bilinguals at such anticipation during the pre-switch trials.

These findings thus do not provide clear evidence that bilingual infants

arebetter switchers, since theywerenot better in thepre-switchphase

in the first place. The authors rather argue that bilinguals might exploit

different processing strategies than monolinguals, as they do not learn

to anticipate during the pre-switch phase, but are still able to do so in

the post-switch phase.

These previous replication efforts thus provide mixed results, and

highlight the need for an exact replication using the same materials as

the original study. Here, we try to fill this void and present an exact

replication of the second experiment of Kovács and Mehler (2009), in

which a verbal stimulus can be used to guide switching behavior. In

order to be able to verify the robustness and generalizability of these

results, a replication is necessary. Here we undertake a multi-center

replication (see Frank et al., 2017; Geambașu et al., 2022; The Many-

Babies Consortium, 2020 for the importance of such attempts), albeit

in a different country, and with infants acquiring different languages

than in the original study, which was carried out in Italy and included
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mostly Italian-Slovenian bilingual infants. Except for these changes,

we remained as faithful as possible to the original study. Both a posi-

tive and a negative (null-result) outcome would be informative for our

understanding of the impact of bilingualism on infants’ general cog-

nition. Using Bayesian statistical analyses in addition to the original

analyses allowed us to more confidently interpret the results, irre-

spective of whether they would show significant differences between

participant groups or not (Van de Schoot et al., 2014; Wagenmakers

et al., 2018).

Kovács andMehler’s study suggests that a cognitive benefit of bilin-

gualism can appear already after very limited bilingual experience. In

order to investigate the robustness of the original study, we therefore

conducted an exact replication of the second experiment from Kovács

and Mehler (2009), in which switching was cued by an auditory stimu-

lus following a particular pattern (either AAB or ABB in which A and B

represent syllables). However, even though the auditory stimulus could

cue switching in the original experiment, switching could also be pre-

dicted without this stimulus to some extent: the first nine trials always

appeared on one side of the screen, and the last nine trials always

appeared on the other side of the screen. Infants could have there-

fore simply realized that they should start looking at the other side

after a certain number of trials, and did not necessarily need to asso-

ciate the cue with a particular side of the screen. Kovács and Mehler

(2009) observed that anticipatory looks increased more rapidly in the

pre-switch phase of Experiment 2 compared to the pre-switch phase

of Experiment 1, where the auditory cue was absent. While this sug-

gests that the auditory cue was helpful in learning the contingency, it

is not a direct test of the hypothesis that infants associated the struc-

ture of the cue with the appearance of the reward. Therefore, in order

to test if infants learned the contingency between side of screen and a

specific speech pattern (e.g., AAB predicts left side, ABB predicts right

side), we introduced an additional phase after the original pre- and

post-switch phases. In this new phase, the auditory stimuli (in either

an AAB or ABB structure) were presented in random order, and the

visual stimuli appeared on the left or right side of the screen accord-

ing to the contingency that had been present in the first two phases

of the experiment. If bilingual children are indeed better switchers and

if they learned to associate the auditory cue with a particular side of

the screen, they should show enhanced performance in these trials as

well.

4 METHODS

4.1 Participants

For our replication, we tested 143 infants in four baby labs in the

Netherlands, at the University of Amsterdam (n = 44), Leiden Uni-

versity (n = 24), Utrecht University (n = 54), and Radboud University

in Nijmegen (n = 21). From this group, we included 98 infants (58

monolingual, 40 bilingual) in the final sample, of which a description is

presented below. The reasons for excluding certain children from anal-

ysis, and the numbers of children excluded for each of these reasons,

are presented below as well.

Data collection took place between February 2021 and December

2021. We aimed to test an equal number of infants for both exper-

imental groups, evenly distributed across labs, but due to practical

limitations affecting recruitment (e.g., COVIDmeasures and rebuilding

of lab rooms), we instead terminated data collection at the end date of

this project, which led to an unequal distribution of infants per lab. The

target population of the original study was 7-month-old infants. As in

Kovács and Mehler (2009), we tested infants within ±2 weeks of this

age (range= 7months; 1 day–7months; 30 days). Preterm infants who

were born earlier than 37 weeks gestation were excluded. Infants who

were reported by caregivers as having a visual impairment or chronic

ear infections (more than three ear infections since birth) or who had

an ear infection at the testing session were excluded.

To classify infants as either mono- or bilingual we focused on their

language exposure, using an adaptation of the Language Exposure

Questionnaire (LEQ, Bosch & Sebastián-Gallés, 2001; Cattani et al.,

2014; the full English questionnaire can be consulted at https://osf.

io/p4dwu). The LEQ questionnaire was also used in the original study

(Kovács, person. comm.) andprovides anestimateof children’s bilingual

exposure, based on the relative amount (in percentages) of exposure

to each language, obtained through caregiver reports. We followed

other replications of the Kovács andMehler study (Kalashnikova et al.,

2021; Dal Ben et al., 2022) to determine whether infants should be

included as bilingual or monolingual participants: children whose care-

givers providedat least 90%of their languageexposure inone language

were classified as monolinguals. Children whose caregivers provided

at most 75% of exposure in the dominant language, and at least 25%

in (an)other language(s) were classified as bilinguals.1 To obtain a pic-

ture of the general background of our mono- and bilingual infants,

we also gathered information about caregivers’ education. This was

assessed on a four-point scale with (1) ‘primary school’, (2) ‘lower voca-

tional training’, (3) ‘secondary school and/or vocational training’, and (4)

‘higher education (i.e., undergraduate or graduate degree)’ as its scale

points, and averaged for both caregivers.

Our monolingual group (n = 58, M = 232 days old, SD = 8 days,

min-max = 214–245 days2) included 26 girls and 32 boys. Caregivers

of these children had a mean education score of 3.86 (SD = 0.28

range= 3.0–4.0). Most children were frommonolingual Dutch families

(n = 55; 95%). The remaining children (n = 3; 5%) were from families

where other languages were spoken (English, German, and Serbian).

Our bilingual group (n = 40, M = 227 days old, SD = 9 days,

min-max = 208–246 days) included 20 girls and 20 boys. Caregivers

of these children had a mean education score of 3.92 (SD = 0.22

range = 3.0–4.0). Most children were from families where Dutch

(n = 26; 65%) or English (n = 8; 20%) was spoken most of the time,

in addition to another language. The remaining children (n = 6; 15%)

were from families where another language was spoken most of the

time (Chinese, Icelandic,Mandarin, Spanish, Tamil, Turkish).Which lan-

guages were combined varied, with a total of 17 different languages

other than Dutch.

We excluded 32 participants because of technical issues or fussi-

ness; one child because they did not finish the first 18 trials, and

a further 12 because they did not meet the language classification

criteria.3
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F IGURE 1 Schematic overview of the experiment.

4.2 Experimental design

The switch task used the exact same stimuli (described below under

Stimuli) andwas set up exactly like Experiment 2 of the original Kovács

andMehler (2009) study. This experiment consisted of nine pre-switch

and nine post-switch trials. In every trial, the infants’ attention was

first drawn towards the middle of the screen with an attention grab-

ber stimulus. Once the eye-tracker registered attention towards the

screen for at least 500ms, the attention grabber disappeared and a tri-

syllabic sound stimulus was played, which lasted 1.7 s, while two white

boxes appeared on the left and right of the screen. The sound stimuli all

followed either an AAB (le le mo) or ABB (le mo mo) pattern and were

predictive of the appearance of a toy puppet in one of twowhite boxes.

After the 1.7-s time lapse, there was a 1-s anticipation period, after

which the toy puppet appeared (see Figure 1A,B). In the first nine tri-

als, the toy puppet consistently appeared on one side of the screen and

the preceding sound followed the same pattern. In the following nine

trials, the toy puppet was consistently shown on the other side of the

screen, and all sound stimuli followed the alternative pattern. Presen-

tation side and accompanying stimulus pattern were counterbalanced

across participants.

We added 18 association trials (Figure 1C) after the original nine

pre-switch and nine post-switch trials. In these trials, the contingency

between sounds and the side of appearance of the toy puppet reward

was exactly the same as during the previous 18 trials. However, the

order of the ‘AAB’ and ‘ABB’ trials was completely random. These items

were added to investigate whether switching anticipatory looks to the

other side of the screen only resulted from the realization that in the

post-switch trials the stimulus occurred on the other side, or whether

this behavior was based on a learned association between a specific

structure of the auditory stimulus and the presentation side of the

visual stimulus.

4.3 Stimuli

The auditory and visual stimuli were identical to those used by Kovács

and Mehler (2009) and were provided by the first author, Agnès

Kovács.4 The attention grabberwas amoving sequence of four colored

arrows that pointed towards the center. A red arrow pointing down

appeared first, followed by a blue arrow pointing left, a green arrow

pointing up and a yellow arrow pointing right. After 1 s, these arrows

formed a cross at the center of the screen, before disappearing in the

same order during the next second. The individual arrows subtended

approximately 3 degrees of visual angle and formed a cross 6 × 6

degrees. To draw the infant’s attention, the visual attention grabber

was accompanied by a ‘beep’ sound.

The trisyllabic cues that were played after infants directed their

attention to the screen consisted of the syllables le, ve, mo, zo, ri, and

ni. All syllables could occur in both the AAB and ABB sequences. Each

syllable had a duration of 0.4 s, and between two syllables in the cue

therewas a pause of 0.25 s. As a result, all sound cues had a duration of

1.7 s.

The white boxes that displayed the puppet 1 s after the end of the

cue sound were located on the left and right side of the screen and

subtended approximately 7 × 7 degrees of visual angle. There were

three different puppets that appeared in these boxes: a hippo, a bug,

and a star. These puppetswere looming for 2 s, with the start size being

around 4 × 4 degrees of visual angle after which they became larger

for 500 ms (6 × 6 degrees), smaller for 500 ms (4 × 4 degrees), larger

for 500 ms (6 × 6 degrees), and smaller for 500 ms (4 × 4 degrees).

The three puppetswere always accompanied by specific sounds for the

duration of 1 s: a ‘ring’ sound for the star and hippo, and a ‘beep-beep’

sound for the bug. These sounds were played twice during the reward

phase.

4.4 Procedures

Efforts were made to be as consistent as possible across labs with

respect to general procedures, while at the same time allowing the labs

to follow their own lab protocols as much as possible. This meant that

the order of operations during the procedures was as similar as pos-

sible, while there were differences in stimulus presentation software,

technical specificationsof hardware, andexperimentationbooths. In all

cases, caregivers were contacted and informed about the study prior

tomaking an appointment to come to the lab. Before coming to the lab,

they were asked to fill out a short questionnaire containing a series of
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questions on language background, medical history, and parental edu-

cation of the caregivers (see our OSF page for the full questionnaire).

Infants and their caregivers were welcomed to the lab by the exper-

imenter and were informed again in more detail about the goal and

procedure of the study via a written document and orally (either in

Dutch or in English) about the importance of remaining calm and hold-

ing their infant comfortably while not influencing or reacting to them

unless their infant showed signs of distress. Theywere also informed in

writing and orally about their rights as participants to stop the experi-

ment and to withdraw. Before the start of the experiment, caregivers

signed an informed consent form indicating that they consented to

their infant’s data being used for research purposes. If caregivers did

not hand in the background questionnaire before their visit, they were

asked to fill it out before starting the experiment.

After consent was obtained, caregivers and infants were led to the

room where the experiment proceeded. Infants were seated in a baby

chair in front of their caregivers or on their lap. The taskwas presented

using Psychopy (Peirce et al., 2019). Eye tracking data was gathered

using a Tobii T120 and a 24 in. screen in Leiden, a Tobii X300 and a 23

in. screen in Nijmegen, and an EyeLink 1000 (in remote mode) and a

17 in. screen in both Amsterdam and Utrecht. We calibrated the eye

trackers before the start of the experiment using an infant-friendly cal-

ibration. Both EyeLink machines sampled at a rate of 500 Hz. The Tobii

machine inNijmegen sampledat a rateof 300Hz, and theTobiimachine

Leiden at a rate of 120 Hz. In all labs, infants were seated at approx-

imately 60 cm from the screen. After the experiment, caregivers and

infants were led out of the experimental area and back to the welcome

area. They were then compensated for their participation with cash,

reimbursed travel costs, and/or the gift of a children’s book.

All procedures involving participants in this study have been

approved by the Institutional Review Boards at the universities where

data was collected. Each lab followed the ethical guidelines and ethics

review board protocols of their own institution. Data from individual

participants were stored locally at each lab. After anonymizing, data

were uploaded to a protected and shared folder for central analysis. All

data can be found on our OSF page (https://osf.io/p4dwu).

4.5 Analyses

In the original experiment, results showed that the number of cor-

rect anticipations increased over the first nine trials in both mono-

and bilingual infants. However, only in bilingual infants did the num-

ber of correct anticipations increase on trials 10–18 (i.e., after the

targets switched sides), while the number of correct anticipations on

trials 10–18 in monolingual infants did not increase. In our analyses,

we investigated whether similar effects occurred in our replication

study. All analyses were carried out in R (R Core Team, 2015) using the

brms package (Bürkner, 2021), eyetrackingR package (Dink & Ferguson,

2015), and rstatix package (Kassambara, 2021) where needed. Scripts

that were used for the analyses can be consulted on our OSF page as

well.

4.5.1 Original analysis

In our first analysis, we used the samemethods as in the original study.

We included these analyses to exactly replicate the original study. For

these analyses the screen was divided into three equal parts: left, mid-

dle, and right. Every sequence of samples during which participants

were looking at a particular area of interest was taken as a look. As

in Kovács and Mehler (2009), we coded children’s looks that occurred

during the 1s time window starting 150 ms after the end of the word

and ending 150 ms after the appearance of the reward. All trials with

only looks to the center or non-target, or missing looks, received a

value of 0. Any trial during which children looked towards the side

where the visual stimulus would occur at some point within the second

after the offset of the auditory stimulus received a value of 1. When

infants looked both to the left and right side of the screen during the

anticipatory period of the same trial, the side that received the longest

uninterrupted look received a value of 1. We then calculated propor-

tions of anticipatory looks within three blocks (trials 1–3, 4–6, 7–9)

for individual participants. For example, when participants showed an

anticipatory look for two of the first three trials, they would obtain a

score of 0.67 for the first block. Note that in the additional analysis 1

explained below,we used amore stringent analysis wherewe only con-

sidered correct versus incorrect looks on the screen, and did not code

missing looks as 0.

Next, following Kovács and Mehler (2009), we carried out two sep-

arate ANOVAs for the pre- and post-switch trials. For these tests we

combined data from all four labs. In both ANOVAs, the proportion

of anticipatory looks was taken as the dependent variable, linguis-

tic group was taken as a between-participant factor, and block as an

independent within-participant variable. If results from these analy-

ses replicated the original findings, we should observe a main effect

of block for the pre-switch trials, but no interaction effect between

block and group: that is, bothmonolingual and bilingual children should

showmore anticipatory looks as the pre-switch phase progressed. For

the post-switch trials, we should observe an interaction effect between

group and block, but not necessarily amain effect of group. Specifically,

if bilingual children are indeed better switchers, only this group should

showmore anticipatory looks as the post-switch trials progressed.

As noted before, we conducted these ANOVAs because they were

carried out in the original study as well. The actual effect that the orig-

inal paper targeted was a three-way interaction between block, group,

and trial type: the anticipation effect (block) should be larger for bilin-

guals than for monolinguals (group) when comparing the post-switch

trials to the pre-switch trials (trial type). This effect was investigated in

the original study by carrying out two split analyses and comparing the

p-values for these separate analysis, where the absence of an interac-

tion between block and group in the pre-switch trials and the presence

of an interaction between block and group in the post-switch trials was

taken as evidence for a three-way interaction between block, group,

and trial type, indicating that only bilingual infants were able to update

their switchingbehavior in the secondpart of theexperiment.Crucially,

carrying out such split analyses in order to establish an interaction
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is erroneous (Bland & Altman, 2011; Makin & Orban de Xivry, 2019;

Nieuwenhuis et al., 2011). To solve this problem, we therefore added

a novel analysis to the separate ANOVAs that were carried out in the

original paper, and directly tested the three way interaction between

block, group, and trial type usingmore state-of-the-art Bayesianmixed

effects models.

4.5.2 Additional analysis 1: Logistic regression

To directly investigate the three-way interaction of interest in this

study, we conducted a Bayesian general logistic mixed model, in which

we could include the three-way interaction between group (mono- or

bilingual), trial type (pre- and post-switch trials), and trial number (1–

9). The advantage of using thismodel over anANOVA is thatwe did not

need to treat missing trials as non-anticipatory looks, as in an ANOVA,

but could simply exclude them from the analyses. A further advantage

of this technique is that it can be used to better investigate develop-

ment over trials, since there is no need to aggregate trials over blocks.

Finally, the addedvalueof aBayesian analysis is that aBayes factor (BF)

can be calculated that allows one to differentiate between evidence for

the null hypothesis, evidence for the alternative hypothesis, and lack of

evidence altogether. Specifically, the BF indicates the ratio of the likeli-

hood of a given hypothesis compared to some other hypothesis (Beard

et al., 2016). ABF10 of 10, for example, indicates that it is 10 timesmore

likely that thedatawouldbeobservedunder the alternative hypothesis

than under the null hypothesis. A BF01 of 3, on the contrary, indicates

that it is 3 timesmore likely that the data would be observed under the

null hypothesis than under the alternative hypothesis. A BF between

10 and 30 is generally seen as strong evidence, a BF of 3–10 as moder-

ate evidence,whereas aBFbetween1and3merely provides anecdotal

evidence for a particular hypothesis (Lee &Wagenmakers, 2013).

We used the R-package brms (Bürkner, 2021) to fit the following

model, in which we included generic weakly-informative priors for all

fixed effects (Gelman et al., 2008; Gelman, 2020):

AnticipatoryLook ∼ Trial_Type ∗ Trial_Number ∗ Linguistic_Group

+ (Trial_Number + Linguistic_Group|Participant∕Lab)

+ (Trial_Number + Linguistic_Group + Trial_Type|Sound_Stimulus)

In this model, we took the anticipatory looks from the task (1 for

an anticipatory look, 0 for an incorrect look) as the dependent vari-

able, trial type (pre- vs. post-switch) and trial number (1 to 9) as

within-participants fixed effects, linguistic group (monolingual vs. bilin-

gual) as a between-participants fixed effect, participant and lab as

between-participants random effects, and sound stimulus as a within-

participants random effect. Orthogonal sum-to-zero contrast coding

was applied to the binary fixed effects (i.e., trial type and linguistic

group; Baguley, 2012, pp. 590–621; Schad et al., 2020). We aimed

to keep the models as fully specified as possible (Barr et al., 2013)

by including random intercepts for sound stimulus, participants, and

lab, with participants nested in the different labs. Furthermore, we

included random slopes for trial number and trial type per partici-

pant, as thesebothvariedwithinparticipants.Wealso included random

slopes for trial number, linguistic group, and trial type per sound stimu-

lus, because these factors varied across the different sound stimuli that

participants heard. Themodel, however, did not convergewhenwealso

included interaction effects between our random slopes, which were

thus not included in the final model.

4.5.3 Additional analysis 2: Cluster-based
permutation analysis

Simplifying looking behavior during the test trials to either anticipatory

(1) or non-anticipatory (0) looks, as in our previous analysis, does not

do justice to the wealth of gaze behavior data that is obtained during

these trials. In order to investigate looking behavior over time during

the switch task,we carried out several cluster-based permutation anal-

yses (see Dink & Ferguson, 2015;Maris &Oostenveld, 2007; Spit et al.,

2022, for examples) using the eyetrackingR package (Dink & Ferguson,

2015). These analyses enabled us to investigate the development of

the proportion of looks towards the target picture over trials during

the course of the anticipation time window. Using this type of analy-

sis, we could analyze the full set of trials from the moment children

looked at the attention grabber until the offset of the visual reward on

the screen (see Figure 6 below for a visual illustration of this time win-

dow).We analyzed all trials for which at least 50% of the lookswere on

the screen. Since we could use these analyses for a more fine-grained

picture of the looking behavior children exhibit during the experiment,

we tookamoreprecise areaof interest than in thepreviously described

analyses, where the screenwas divided into three equal parts. For each

trial with at least 50%of available looks, we coded for all available sam-

pleswhether theywere directed at thewhite square inwhich the visual

stimulus would appear (1) or not (0).

The cluster-based analysis involved two steps, and allowed us to

determine when (within the marked time frame) monolingual versus

bilingual participants looked more often towards the target square.

This difference between groups could in principle occur in both direc-

tions (i.e., monolinguals or bilinguals looking more often towards the

target square). In the first step of the analysis, the data were split

into 50 ms time bins. For each time bin we calculated a t-statistic to

determine whether participants from one group looked significantly

more often towards the target square than participants from the other

group. Adjacent time bins for which there were significant differences

were clustered together and the t-values of the bins were summed. In

a second step, the data were reshuffled 1000 times, to see how likely

the observed clusters and accompanying summed statistics would be

if the data were randomly generated. Using this procedure, we could

correct for false alarms, while not losing much of the richness of the

data. Unfortunately, a cluster-based permutation analysis allows for

only onepredictor,whichwas linguistic group in this case. Because time

during the trials is already mapped out, it was not possible to look at

further interactions, for example between linguistic group, trial type,

and trial number simultaneously. Therefore, we ran separate analyses
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for each of the 18 trials. Because no single metric could be computed

that expresses how group differences that occur during trials develop

as the experiment progresses, these analyses do not allow us to make

strong inferential claims about the development of anticipatory look-

ing behavior in the two groups as the experiment progresses. However,

these analyses do provide amore fine-grained description of children’s

looking behavior over the course of the experimental trials.

In addition to this set of analyses in which we mapped out looking

behavior as the trials progressed, we also ran two exploratory analyses

where we grouped all pre-switch and post-switch trials together. Per-

forming these two analyses, we thus investigated whether there was a

groupdifference in anticipatory looks for all trials duringeither thepre-

switch or the post-switch phase. These analyses do not give an answer

to the original research question, as they do not indicate whether one

group adjusts their looking behavior as the experiment progresses, but

they do providemore insight into general looking behavior during each

of the two phases, and whether one group of infants showed differ-

ent looking behavior in general during either of the two phases. The

outcomes from these analyses can be consulted on our OSF page.

4.5.4 Additional analysis 3: Association trials

As described above,we included18 association trials in our replication.

These trials were added after the original test trials, andwere included

to examine whether infants would associate the sound stimulus with

the corresponding side of the screen. Since the sound stimulus and

side of the screen were randomly distributed over these items in these

trials and we were not interested in how anticipatory looking devel-

oped over the course of this part of the experiment, we grouped all

items together. If therewasagroupdifference in theability to associate

the auditory stimulus with the corresponding side of the screen, this

should be indicated by either earlier looks towards the target square

or more looks towards the target square for one group of infants than

for the other group. As linguistic group was the only independent vari-

able in this case, we carried out a cluster-based permutation analysis

that compared the looking patterns of the monolingual and bilingual

groups during the association trials. For this analysis we followed the

same general procedure as for the previously described cluster-based

analyses.

5 RESULTS

5.1 Original analysis

As described above, we first analyzed the data using the same types of

ANOVAs as in the original study. Table 1 shows descriptive of the pro-

portions of looking times per group for different blocks and trial types

during the experiment as used in these analyses. Figure 2 shows these

proportions of looks split out across the nine pre- and post-switch tri-

als following the coding that was used for these ANOVAs. The first

2× 3ANOVA,which looked at pre-switch trials, and took proportion of

anticipatory looks as a dependent variable, and linguistic group (mono-

lingual, bilingual) and block (1, 2, 3) as independent variables, did not

show a significant main effect of block on anticipatory looks during the

pre-switch trials (F(2, 192) = 0.625, p = .536, ηp2 = 0.003). This is not

in line with the original finding that children got better at predicting

where the reward occurred. We did not see a significant interaction

between group and block (F(2, 192) = 0.064, p = .938, ηp2 < 0.001),

which would have been indicative of faster, or less fading, anticipa-

tion by one of the two groups. There was also no main effect of group

(F(1, 96) = 0.345, p = .558, ηp2 = 0.002), which would have indicated

that one particular group showed more anticipatory looks during the

pre-switch trials than the other group.

Our second 2 × 3 ANOVA, which looked at post-switch trials and

again took proportion of anticipatory looks as a dependent variable,

and group and block (now 4, 5, 6) as independent variables, showed a

significant main effect of block on anticipatory looks during the post-

switch trials (F(2, 192) = 3.572, p = .030, ηp2 = 0.017). All infants

together showed more anticipatory looks as the post-switch phase of

the experiment progressed, which suggests that they became signifi-

cantly better at predicting where the reward occurred. There was no

main effect of group (F(1, 96) = 1.269, p = .263, ηp2 = 0.007), which

shows that, over all blocks, neither group outperformed the other

group in their anticipatory looks. Furthermore, we did not observe a

significant interaction between group and block (F(2, 192) = 0.354,

p= .702, ηp2 = 0.002). Thus, as in the pre-switch phase, we did not find

any evidence that one group of children showed different anticipatory

behavior compared to the other group. Note that in the original study,

there was an interaction between group and block during this phase

of the experiment: in that study, the bilingual childrenwere better than

monolingual children at anticipatingwhere the rewardoccurredduring

the post-switch trials.

5.2 Additional analysis 1: Logistic regression

Next, we carried out a Bayesian logistic regression with mixed effects,

which investigated the effects of trial type, group, and trial number in

a single analysis. Figure 3 shows these proportions of looks split out

across the nine pre- and post-switch trials following the coding that

was used for the Bayesian analysis. This analysis showed strong evi-

dence for a main effect of trial number on anticipatory looks (β= 0.13,

95% CCI [0.06, 0.20], BF10 > 100), but no interaction between trial

type (pre- vs. post-switch) and trial number (β= 0.01, 95% CCI [−0.09,

0.11], BF01 = 19.14). The BF for the main effect of trial number

indicates that these results can be interpreted as evidence for the

hypothesis that infants across groups learned to anticipate where

the reward would occur as the trials proceeded. However, the BF for

the interaction between trial type and trial number indicates that the

effect of trial number is equal for pre-switch and post-switch trials.

We found no evidence that either mono- or bilinguals were better at

anticipating where the reward would occur in general (β=−0.06, 95%

CCI [−0.66, 0.56], BF01 = 3.25). Furthermore, the lack of an interaction

between group and trial number (β = 0.04, 95% CCI [−0.08, 0.16],
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TABLE 1 Proportion of anticipatory looks during the six blocks of the experiment for themonolingual and bilingual infants.

Monolingual (n= 58) Bilingual (n= 40)

M SD min-max M SD min-max

Pre-switch phase Block 1 0.49 0.33 0–1 0.54 0.34 0–1

Block 2 0.53 0.30 0–1 0.55 0.36 0–1

Block 3 0.48 0.35 0–1 0.51 0.38 0–1

Post-switch phase Block 4 0.35 0.30 0–1 0.31 0.31 0–1

Block 5 0.40 0.32 0–1 0.37 0.36 0–1

Block 6 0.48 0.34 0–1 0.39 0.32 0–1

Note: Each block consisted of three trials. If participants anticipatedwhere the rewardwould occur for two out of those three trials, theywould obtain a score
of 0.67.

F IGURE 2 Plots of the proportion of anticipatory looks during the pre- and post-switch trials across trials as coded for the original ANOVAs.
ANOVA: analysis of variance.

BF01 = 13.11) indicates no group difference in learning to anticipate

where the rewardwould occur as the experiment progressed.

Furthermore, we found evidence for a main effect of phase: all

infants together showed less anticipatory looks for post-switch tri-

als, than for the pre-switch trials (β = −0.80, 95% CCI [−1.0, −0.12],

BF10 = 4.17), which suggests that infants were actually not very good

at switching at all, as they did not adjust their looking behavior dur-

ing the post-switch trials to the level that was reached during the

pre-switch trials. The absence of interactions between trial type and

group (β = 0.06, 95% CCI [−1.09, 1.22], BF01 = 1.62), and between

trial type, group, and trial number (β = −0.16, 95% CCI [−0.34,

0.04], BF01 = 2.97), also entails that we have no evidence that one

of the two groups of children was better able to switch during the

experiment.

5.3 Additional analysis 2: Cluster based
permutation analyses

To get a more fine-grained picture of when exactly the two groups

showed anticipatory eyemovements, we conducted a series of cluster-

based permutation analyses. These analyses can demonstrate how

looking behavior changes over time across trials. Specifically, these

analyses allowed us to determine the intervals of a trial during which

children from one group looked more often towards the target side of

the screen than children from the other group. Results are shown in

Figure 4 and Figure 5. All intervals during which one group of infants

lookedmore towards the target side of the screen than the other group

can be consulted in the supplementary materials on our OSF page.

Although for nearly all trials there were small intervals during which
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10 of 16 SPIT ET AL.

F IGURE 3 Plots of the proportion of anticipatory looks during the pre- and post-switch trials across trials as coded for the additional Bayesian
analysis.

F IGURE 4 Proportion of looks toward the target picture over time for the pre-switch trials.
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SPIT ET AL. 11 of 16

F IGURE 5 Proportion of looks toward the target picture over time for the post-switch trials.

one group of infants looked slightlymore towards the target side of the

screen than the other group, none of the differences in these intervals

were significant in the second step of the cluster based permutation

analyses in which we calculated p-values for intervals in which we

observed a group difference. These results thus provide no evidence

that bilingual and monolingual infants differed in anticipating where

the rewardwould occur at any point in time.

However, these analyses do offer some sort of sanity check with

regard to whether the stimuli were interesting enough for children to

pay attention to in the first place. During each trial, virtually no looks

were directed at the target at the start of the trisyllabic sequence,

when the attention grabber was playing in the center of the screen.

Moreover, looks towards the target quickly reached ceiling scores in

each of the trials when the reward was shown on the screen. Infants

thus showed interest in the reward, whenever it was visible. Additional

analyses in our supplementarymaterials, inwhichwe grouped trials for

the respective phases together, show that during the pre-switch trials

bilingual children looked significantly more towards the target during

an interval that lasted from 3350 ms until 4050 ms after the start of

the trial (p= .029),which fell entirelywithin the rewardperiod.No such

differences between the groups were observed for the post-switch

trials.

TABLE 2 Results of the cluster based permutation analysis for the
association trials.

Time cluster Sum statistic Time range in ms Probability

1 −7.43 2950−3100 .339

2 −2.04 3150−3200 .737

3 −4.44 3450−3550 .504

Note: The time range is measured from the start of the trial. No clusters

turned out significant after the second step of the analysis. Negative sum

statistics indicate that the bilingual group shows more looks towards the

target during the particular cluster.

5.4 Additional analysis 3: Association trials

Our final analysis concerned a cluster-based permutation analysis on

the 18 trials that were added to the original 18 trials. Here we wanted

to see whether infants would use the auditory stimulus as a cue for

anticipating where the visual reward would appear. Results from

this final cluster-based permutation analysis are shown in Figure 6

and Table 2. In accordance with the lack of differences in switching

between the groups during the first 18 trials, we did not find any such

differences during the association trials either. There were several
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F IGURE 6 Proportion of looks toward the target picture over time for the additional association trials.

small intervals where bilingual children looked slightly more towards

the target than monolingual children, but these all occurred when the

reward was already on the screen, and these differences were not

significant.

6 DISCUSSION

In our replication of Kovács and Mehler (2009), we did not find evi-

dence that a cognitive advantage is present in 7-month-old bilingual

children. We conducted an exact replication of the original switch task

(i.e., Experiment 2 in Kovács and Mehler, 2009), in which anticipa-

tory looks were measured. In the original study, all infants became

better at anticipating where a reward would occur during the course

of pre-switch trials, but bilingual infants were better at anticipating

this during post-switch trials than monolingual infants. When carry-

ing out the original ANOVAs for each separate phase, we observed a

pattern that did not match with the original results: we found no evi-

dence for increased anticipations during the pre-switch phase, but we

did see increased anticipations during the post-switch phase. Impor-

tantly, we did not observe any significant interactions between group

and block during either phase, which had been taken as indicative of

better switching in bilingual children in the original paper. However,

because it is considered undesirable to run split analyses in order to

investigate whether only bilinguals adapt their behavior during one

part of the experiment (Bland&Altman, 2011;Makin&OrbandeXivry,

2019; Nieuwenhuis et al., 2011), we also conducted Bayesian analy-

ses in which we directly tested the three-way interaction of interest

(between trial type, group, and trial number) and in which we could

take each trial into account in the analyses rather than aggregated tri-

als over blocks. Moreover, we ran cluster-based permutation analyses,

whichmadebetter useof the richnessof theeye-trackingdata, because

we could track eye movements over the course of each of the trials

rather than reducing it to a categorical variable (anticipatory look/no

anticipatory look). Since the combination of these analyses is more

appropriate for addressing the original research question of whether

bilinguals show a cognitive advantage, we will mainly focus on those

outcomes in the remainder of the discussion.

The additional analyses of the first two phases did not yield a sub-

stantial difference between groups at any point in the experiment. Our

Bayesian mixed-effects model, which could be conducted without tak-

ing into account trials for which looks were missing in this period and

encompassed a direct test of the three-way interaction between trial

number, linguistic group, and trial type, showed that both mono- or

bilinguals became better at anticipatingwhere the rewardwould occur

as trials progressed, and that they did this in both parts of the experi-

ment. As such, the current findings add to earlier replication attempts

of the Kovács and Mehler study that did not replicate the original

results (Dal Ben et al., 2022; D’Souza et al., 2020; Kalashnikova et al.,

2021), and are in line with the idea that claims about the existence of a

bilingual advantage are not robustly substantiated (e.g., Paap &Green-

berg, 2013). Moreover, our results suggest that it is unlikely that the

slightly altered cue stimuli that were used in D’Souza et al. (2020) and

Kalashnikova et al. (2021) are the reason that these studies failed to

replicate the original results by Kovács and Mehler (2009). Following

the reasoning of the original study, these results imply that we have no

evidence that bilinguals are better switchers thanmonolinguals, which

would have indicated a cognitive advantage.

We also ran cluster-based analyses, in which we took a more pre-

cise area of interest for anticipatory looks; we compared looks towards
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the target white box in which the stimulus would appear versus other

looks towards the screen. The key advantage of cluster-based analy-

ses is that they can take many more data points into account than the

other analyses we conducted, enabling us to track infants’ looks over

the course of each of the trials. Although we could not inferentially

test for group differences across the course of the experiment, our

analyses and plots thus serve a descriptive goal. The results of these

analyses suggested that both groups behaved similarly: neither group

became better at anticipatingwhere the stimuluswould occur over the

course of the experiment than the other group, suggesting that neither

monolinguals nor bilinguals demonstrated a cognitive advantage over

the other group. Only the finding that bilinguals tended to look more

towards the target during the reward period of pre-switch trials hinted

at a group difference, but this occurred during a phase of the experi-

ment thatwas not relevant for any of the hypotheses.Moreover, across

groups there were fewer anticipatory looks during post-switch trials

than during pre-switch trials. This could indicate that infants in general

were not very good at switching, but might also show that attention

decayed during the second part of the experiment. In any case, we did

not observe anymeaningful group differences.

An analysis of the 18 trials that we added to the original 18 trials

yielded results that are in line with these findings. During these addi-

tional association trials the reward would occur randomly on the left

or right side of the screen, but the mapping between cue and reward

was kept intact. These trials were added to investigate whether the

bilinguals might be better able to build an association between the lin-

guistic structure of the cue and the location of the reward during the

post-switch trials. Yet, since we did not see group differences in the

first 18 trials in switching behavior, it was not surprising that we also

did not see any group differences in anticipatory looks during the 18

association trials.

The cluster-based analyses also indicated that looking behavior in

general was reactive: children quickly reached ceiling levels of tar-

get looks, but only once the visual reward stimulus appeared on the

screen. The fact that the infants became interested in the visual stim-

ulus means that the stimulus itself was sufficiently rewarding for the

children; hence, we can conclude that they were paying attention to

what was happening on the screen. However, this reactive looking

behavior warrants the question of whether we can expect children of

this age to show strong anticipatory looking behavior when they learn

novel spatially-cuedmappings in a fixed familiarization period. Perhaps

this type of fast-mapping ofmultimodal information is asking toomuch

from these young infants (Kriengwatana et al., 2015), making it diffi-

cult to observe strong group differences in their anticipatory looking

data. This couldmean that thismethodmay not be suited to investigate

whether there is a cognitive advantage in this age group. This reason-

ing would be in line with the common observation that the presence

and size of the effects found in tasks that comparemono- andbilinguals

depend on various factors such as task parameters and age (Ware et al.,

2020).

In this study we investigated the data in three different ways, which

all showed a lack of group differences, but also yielded unique insights.

The contrast between the results of the original analyses and our

additional analyses highlights the need for more advanced statistical

approaches in general, especially when it comes to the rich eye track-

ing data that were collected in this particular experiment. Indeed, one

recent replication (Dal Ben et al., 2022) analyzed group differences

over the course of the experiment and found that while monolinguals

anticipated in the first part of the experiment, bilinguals only antic-

ipated in the latter part of the experiment, showing a difference in

processing. However, our additional analyses are also not in line with

this alternative finding. Yet, since neither the studies that Dal Ben et al.

re-analyzed nor their added conceptual replication were exact repli-

cations, it is difficult to pinpoint the precise cause of these different

results across studies.

Another reason for our inability to replicate the original find-

ings could lie in the language background of the children. Classifying

individuals as either mono- or bilingual has proven to be debatable

(Byers-Heinlein, 2015; Luk & Bialystok, 2013). Bilingualism is a multi-

faceted phenomenon in which many factors play a role, including

language use and language exposure. These dimensions are typically

gradual with no clear cut-off points. Using a criterion like language use

in order to assess bilingualism in children of this age is not possible,

which in turn makes it difficult to assess whether they are ‘sufficiently

bilingual’ to show a possible cognitive advantage. Also, the amount

of input is not the only factor that determines to what extent chil-

drenmonitor their languages at home; qualitative aspects of children’s

input play a role as well, but we did not capture these in our ques-

tionnaire. Furthermore, even if we would have captured these infants’

linguistic status correctly, their language background is different from

those in Kovács and Mehler (2009). Our sample was quite heteroge-

neous in terms of linguistic combinations, but homogeneous in terms

of the educational background of the parents. It is not completely clear

how our sample can be compared to the sample of Italian-Slovenian

infants in the original study, but a one-to-one comparison might not be

completely justified. Studies have shown that cultural or linguistic dif-

ferencesmight affect cognitive advantages (Sabbagh et al., 2006;Ware

et al., 2020) and this could have influenced our inability to replicate the

original findings.

Our replication of the seminal Kovács and Mehler (2009) study

stresses the importance of exact replications in the field of develop-

mental science in multiple labs (Frank et al., 2017; Geambașu et al.,

2022; The ManyBabies Consortium, 2020) in combination with more

advanced statistical techniques (Bayes; Cluster-based; logistic regres-

sion). Our inability to replicate the original findings not only for this

study, but also for another infant study on rule learning (i.e., Marcus

et al. (1999)—see Geambașu et al., 2022) highlights the necessity of

repeated replication attempts to obtain a better understanding of the

factors that may or may not contribute to the building blocks of infant

cognition.
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ENDNOTES
1For instance, an infant who received 90% exposure to Dutch and 10%

exposure to English was regarded as monolingual. An infant with 30%

exposure toDutch, 40%exposure to English, and 30%exposure to Spanish

was included as bilingual.Wewould actually consider these infants asmul-

tilingual, but we here followed the classification used in the original study.

An infantwith80%exposure toDutch and20% toEnglish could not be cat-

egorized and was therefore not included in the analysis of our replication

study.
2We report age in days rather than in months; days, because a specific

month; day notation might refer to different numbers of days, depending

on themonth a child was born in.
3From the143 children thatwere tested, 76weremonolingual (42boys and

34 girls,M= 232 days old, SD= 9 days, min-max= 208–245 days,M care-

givers’ education = 3.84, SD = 0.30, range: 3.0–4.0), 46 were bilingual (23

boys and23 girls,M=227days old, SD=9days,min-max=208–246days,

M caregivers’ education = 3.93, SD = 0.20, range: 3.0–4.0), and 12 were

unbalancedbilingual (8boys and4girls,M=233daysold, SD=9days,min-

max = 216–244 days, M caregivers’ education = 3.68, SD = 0.34, range:

3.0–4.0). For the final 9 participants, questionnaire data wasmissing.
4Only calibration stimuli differed, also between our four labs, depending on

hardware and software differences.
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