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ABSTRACT
Previous research suggests that early word recognition is an important foundation for subsequent vocabulary development.
However, the optimal method for assessing this ability in infancy remains unclear. To investigate this issue, we collected data
from 70 participants (45.7% female) at 10, 11.5, 18 and 24 months of age using two eye‐tracking based tasks—the preferential
looking‐ and mismatch paradigms—as well as parental reports on a short form of the Swedish Early Communicative Devel-
opment Inventories (SE‐CDI). Both eye‐tracking‐based paradigms correlated with concurrent and later vocabulary scores.
However, while the preferential looking paradigm showed stability across time, the mismatch paradigm did not demonstrate
longitudinal stability and its associations with vocabulary were sometimes in unexpected directions. These findings suggest that
the mismatch paradigm may reflect shifting cognitive or attentional processes during development, highlighting the need for
further investigation. In contrast, the eye‐tracking based preferential looking paradigm, may offer an objective complement to
parental reports for predicting subsequent vocabulary development in early childhood.

1 | Introduction

Early word recognition is an important component of linguistic
development (e.g., Bergelson 2020; Meylan and Bergelson 2022;
Bornstein and Putnick 2012). Research indicates that children
as young as 6–9 months can recognize familiar words (Bergel-
son and Swingley 2012; Parise and Csibra 2012; Tincoff and
Jusczyk 1999), showcasing their ability to associate verbal labels
with objects. This ability is believed to facilitate future word
learning (Bergelson 2020; Bornstein and Putnick 2012; D'Souza
et al. 2017) and the onset of word production at around
12 months (Fenson et al. 2000; Woodward et al. 1994).

Understanding language development during the first 2 years of
life requires examining how early word recognition is associated
with later vocabulary acquisition, including both word compre-
hension and production (Bornstein and Putnick 2012; Sander‐
Montant et al. 2023). A key challenge involves finding methods
that effectively capture individual differences in this early word
recognition development.

Current approaches for assessing early word recognition and
vocabulary, such as parental reports or gaze‐based observational
methods, have limitations. Although vocabulary checklists like
the MacArthur‐Bates Communicative Development Inventory
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(CDI), exhibit good test‐retest reliability and validity for chil-
dren aged 8–30 months (Eriksson et al. 2002; Fenson et al. 2000;
Jahn‐Samilo et al. 2001), parental reports may not adequately
measure individual differences in pre‐verbal infants' word
recognition. Parents may unintentionally overestimate or un-
derestimate their child's abilities because these reports often
involve interpreting subtle behavioral cues (Golinkoff
et al. 2013).

By contrast, observational methods that record children's gaze
allocation can provide more objective measures of early word
recognition (e.g., Fernald et al. 2008; Swingley 2009). However,
the reliability and validity of these paradigms as measures of
individual differences in early language development remain to
be fully established. One common observational method is the
preferential looking paradigm (also known as the looking‐while‐
listening task; Fernald et al. 2008). In this paradigm, children
view two images (e.g., a banana and a pacifier) while hearing a
prompt such as, “Where is the pacifier?” Word recognition is
inferred when the child fixates longer on the target object.

A study using an eye‐tracking version of the preferential looking
paradigm showed that infants as young as 6–9 months can
recognize familiar words (Bergelson and Swingley 2012).
Interestingly, this study found no concurrent correlation be-
tween infants' performance and parental CDI reports, with
many parents reporting their children knew no words. This
discrepancy suggests that parents may underestimate their
child's early word recognition abilities (e.g., Bergelson and
Swingley 2012). Another study with 12‐months‐olds (Lany
et al. 2018) reported modest correlations between word recog-
nition and concurrent CDI word comprehension percentile
scores, as well as subsequent word production percentile scores
around 15 months. These correlations, however, emerged only
under certain conditions (i.e., “easy words” assessed within an
early time window of each trial).

Studies with toddlers also show mixed results. While some
studies find that preferential looking performance in the second
year of life correlates with both concurrent and later vocabulary
(Donnelly and Kidd 2020; Fernald and Marchman 2012;
Marchman et al. 2016), others do not (Houston‐Price et al. 2007;
Venker et al. 2016). These inconsistencies highlight the need for
further research into how reliably early word recognition re-
flects individual differences in language development.

Another method, the mismatch paradigm (or word‐picture
priming paradigm), is frequently used in EEG‐based research
to study early word recognition (Junge et al. 2021). In this
paradigm, participants hear a verbal label (e.g., “duck”) fol-
lowed by a congruent or incongruent visual stimuli. Event‐
related potentials (ERPs) measurements have shown that
9‐month‐olds can detect mismatches between verbal labels and
visual stimuli, indicated by an increased N400 effect on incon-
gruent trials (Parise and Csibra 2012). Notably, this effect
emerged only when the infant's own mother provided the label,
rather than the experimenter. Our study extends this approach
by examining infants' pupil dilation during incongruent versus
congruent trials, as changes in pupil size can signal mismatch
detection (Kloosterman et al. 2015; Kuipers and Thierry 2011).
The underlying assumption is that infants who have established

word‐object associations will detect mismatches, reflected in
increased pupil dilation during incongruent trials.

Although both the preferential looking and mismatch para-
digms show that young infants recognize the meaning of
familiar words, the link between early word recognition (as
measured by these paradigms) and subsequent vocabulary,
indexed by instruments like the CDI, remains largely unex-
plored. While it is reasonable to hypothesize that early task
performance correlates with later vocabulary outcomes, there is
currently insufficient evidence to confirm this link. It also re-
mains unclear whether any observed associations represent
stable, reliable individual differences in infancy, or if perfor-
mance on these paradigms primarily reveal a group‐level phe-
nomena, with meaningful individual differences developing
only in toddlerhood. Should these paradigms capture reliable
individual differences in infancy, they should correlate to later
vocabulary, strengthening their utility as tools for assessing
early language development, complementing parental reports.

Moreover, no research to date has directly compared perfor-
mance in the preferential looking and mismatch paradigms,
which appear to measure early word recognition through
distinct mechanisms—gaze patterns and physiological re-
sponses, respectively. Investigating whether mismatch and
preferential looking performance aligns and predicts later vo-
cabulary outcomes is essential for validating their roles in
measuring early language development.

1.1 | Purpose of the Present Study

This study investigates the developmental stability of early word
recognition using eye‐tracking assessments and its associations
to concurrent and later vocabulary development, as measured
by the Swedish Early CDI (SE‐CDI) short form. In a longitudinal
design, we employed two eye‐tracking paradigms—the prefer-
ential looking and mismatch paradigms—alongside parental
reports to examine children's word recognition and vocabulary
development at 10, 11.5, 18 and 24 months of age. These time
points were chosen to capture important developmental tran-
sitions: the word comprehension “boost” (Bergelson 2020) and
start of word production around the end of the first year, and the
rapid growth in both areas during the second year (Fenson
et al. 2000; Woodward et al. 1994). Given the novelty of this
research, we adopted a preregistered exploratory analysis
approach to examine our hypotheses.

First, we addressed two primary research questions:

1. Is performance in the preferential looking and mismatch
paradigms stable over time?

2. Is performance in the preferential looking paradigm
related to performance in the mismatch paradigm?

We also explored two secondary research questions:

3. Do preferential looking and mismatch paradigm perfor-
mance show concurrent and later association with vocab-
ulary development at 10, 11.5, 18 and 24 m?
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4. Are these associations influenced by socio‐demographic
variables previously linked to vocabulary development?

Specifically, we will control for child gender (Hoff 2013), family
socio‐economic status (SES; Piot et al. 2022), parental reading
habits (Dong et al. 2020), monolingual status (De Houwer
et al. 2006), family history of language problems (Bishop
et al. 2012) and child cognitive functioning (Marchman and
Fernald 2008; Peter et al. 2019).

2 | Methods

2.1 | Participants and Study Design

This study is part of the REaL cohort, a longitudinal project
conducted in Uppsala, Sweden, following children from 10 to
24 months of age. The project consisted of two studies: (1) a lon-
gitudinal study (N = 70) that was started in September 2019 and
ended in July 2021, and (2) a randomized controlled study with a
longitudinal design (N = 115) registered as ISRCTN22319305
(Forssman andGottwald 2022), which began in January 2020 and
ended in October 2022.

Data collection in both two studies occurred at four time points,
with the first three assessments involving lab visits. At all four
time points, the participating parent completed an online
questionnaire via a secure online platform (https://sv.survey-
monkey.com). The current study is based on data collected in
the longitudinal study at 10, 11.5, 18 and 24 months of age. The
target sample size for this study was 70 children and their
families. The sample size was determined prior to enrollment,
based on practical considerations such as the availability of
participants within the target age range, the study timeline, and
the resources required for labor‐intensive laboratory assess-
ments. Table 1 presents a socio‐demographic description of the
sample.

Children and their families were recruited using several
methods: (i) by contacting volunteer families who had indicated
a general interest in participating in studies at the Uppsala Child
and Baby Lab; (ii) by inviting participants from a population‐
based study in Uppsala, Sweden, investigating perinatal
mental health (Axfors et al. 2019); (iii) by posting flyers about
the study at family centers and open‐preschools in Uppsala; and
(iv) by using social media (e.g., Twitter and Facebook).

Prior to enrollment, parents (i.e., the child's legal guardians)
who had received information about the study and indicated an
interest in participating were screened for inclusion and exclu-
sion criteria. Families were eligible to participate if they met all
of the following inclusion criteria: (i) the child's parent(s) gave
consent to study participation; (ii) the participating child was
10‐months‐old (� 4 weeks) at the time of the first assessment;
(iii) the family spoke Swedish (at least some) at home; (iv) the
same participating parent (mother or father) was able to
attended the first two lab visits with their participating child
(this was due to the inclusion of parent‐child interaction ob-
servations at these two assessment points). Families were not

eligible to participate if they met any of the following exclusion
criteria: (i) the child was born prematurely (less than 37 weeks
of gestations) and/or (ii) the child had an illness or disability
that could prevent them from fully participating in the study.
Figure 1 provides a flow a diagram of participants throughout
the study.

The research was approved by the Swedish Ethical Review
Authority (Etikprövningsmyndigheten; reference number 2019‐
03140) and conducted in full compliance with the Helsinki
Declaration. Parents provided written consent prior to the start
of the study and again at each subsequent visit. Participating
families received a gift voucher (≈10 €) at each lab visit as form
of travel reimbursement.

2.2 | Measures and Procedures

The first two lab visits ranged from approximately 75–90 min
(including breaks) and the third lab visit took approximately
60 min (including breaks). An online administrated question-
naire, sent approximately 1 week before each lab visit, took
about 60 min to complete. The lab visits included direct child
assessments with eye tracking (Tobii Pro TX300/Tobii X3‐120,
Tobii technology, Stockholm), Electroencephalography system
(EEG; 128 channel net, Electrical Geodesics Inc., EGI), video‐
recorded observations, and a tablet test, as well as video‐
recorded structured observations of parent‐child interaction. A
full list of tasks used in the REaL project can be found at
Databrary (Forssman 2022; https://nyu.databrary.org/volume/
1506).

For this study, the primary outcome measures were assessments
of children's word recognition, comprehension, and production,
based on eye tracking tasks and parental reports. The study's
outcome measures are presented in Table 2. Note that the
mismatch paradigm was not available at 18 months due to
earlier design considerations for the longitudinal project from
which these data are drawn.

2.2.1 | Child Characteristics and Socio‐Demographic
Data

Child characteristics and socio‐demographic data were obtained
through the screening process and an online parental ques-
tionnaire. The following variables were included: child gender
(boy/girl), parental education (parent has a university educa-
tion: yes/no), language spoken in home (100% Swedish: yes/no),
familial history of language difficulties (yes/no), and reading
habits. The outcome measure for reading habits consisted of a
composite z‐score of reading frequency and length of reading,
where higher values indicate more reading activities. Parents
reported the frequency with which they read to their child
(never, 1–2 times per month, 1–2 time per week, or everyday/
almost every day) and the amount of time they spent reading to
their child on the previous day (0 min, 1–10 min, 11–20 min,
more than 20 min).
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2.2.2 | Child General Cognitive Functioning

General cognitive functioning was assessed at the first lab visit
with the Bayley‐III Cognitive Scale (Bayley 2009). This measure
estimates nonverbal problem‐solving, object manipulation, and
memory. Children receives points for each completed task (e.g.,
manages to lift and move a small cube). The total score was
converted to a standardized scaled score (Bayley 2009).

2.2.3 | Parental Reports on Child Vocabulary
Development

At all four assessment points, parents completed the Swedish
Early Communication Development Inventory (SE‐CDI; Eriksson
et al. 2002) measuringword comprehension (number of words the
child understands) and word production (number of words the
child understands and say). This 90‐item checklist yields two
aggregated scores (min–max = 0–90) for word comprehension
and word production. CDI data were included only if parents had
answered ≥ 90% of the items. Supporting Information S1: Table
S1 provides details on missing data at each assessment point.

2.3 | Eye Tracking Assessments of Word
Recognition

Two eye tracking tasks were used to measure children's word
recognition: the preferential looking paradigm and the mismatch
paradigm. During these tasks, the child sat on a parent's lap
~60 cm from 22″ screen. Gaze were collected at 120 Hz using a
Tobii Pro TX300 during the first 73 lab visits and a Tobii X3‐120
thereafter (Tobii Technology AB, Stockholm, Sweden). A five‐
point calibration was conducted prior to the start of each task.
Trials continued until the end of each as long as the child
attended to the screen; the session ended if the child became
inattentive or fussy.

In both tasks, pre‐recorded sentences were presented. These
were recorded by the same female speaker, a native Swedish
speaker with a local accent. She used a child‐directed speech
during recording, and the audio files were normalized for pitch
and volume.

2.3.1 | Preferential Looking Paradigm

This paradigm (modeld on Bergelson and Swingley 2012)
comprised 4 warm‐up trials followed by 32 test trials. Each trial
began with a central fixation stimulus (a red cross) accompanied
by a recorded sentence directing the child to look at a picture
(e.g., “Look at the foot!”). The sentence length ranged from 550
to 1250 ms (mean: 1058 ms), always ending 250 ms before the
presentation of the pictures.

On warm‐up trials, a single picture (a sheep, a pig, a monkey,
or a frog) appeared for 2500 ms to the left or the right of the
center (alternating L, R, L, R). On test trials, pairs of pictures
(target þ distractor) appeared for 2500 ms on the left and right
sides of the screen. Each pair (e.g., hand‐sock) was presented
four times, twice with hand as the labeled target, twice with
sock as the labeled target. Presentation order was pseudor-
andomized, such that the target picture could not be presented
on the same side for more than one trial and could
not be presented in two consecutive trials. See Supporting
Information S1: Table S2 for all included words and objects.
Child‐friendly video clips (8 s long) were presented after every
8th trial to maintain attention. The total administration time
was ~5 min. Parents were instructed not to assist their child

TABLE 1 | Socio‐demographic description of sample (N = 70).

% (n) M (SD)
Min–
max

Child age in days

Time 1, 10 months 309.41
(17.28)

273–339

Time 2, 11.5 months 356.91
(19.46)

316–395

Time 3, 18 months 545.42
(17.91)

519–584

Time 4, 24 months 737.48
(12.21)

715–789

Child female gendera 45.71
(32)

Participating parent female
gender (mother)a

74.29
(52)

Parental educationb

Participating parent

No university education 12.9
(9)

University education
(≥ 3 years)

84.3
(59)

Other parent

No university education 24
(17)

University education
(≥ 3 years)

70
(49)

Swedish language spoken at homea

< 100% of the time 24.28
(17)

100% of the time 75.71
(53)

Reading habits at homeb,c 0.00
(0.89)

−2.03
to 1.68

Family history of language delay or language disorderb

Yes 15.71
(11)

No 81.43
(57)

aAssesed during the screening process.
bThese questions were asked in relation to the first lab visit when the child was
10 months old (response rate = 69/70).
cReading habits at home represent a standardized composite score of reading
frequency and length of reading.

4 of 13 Infancy, 2025

 15327078, 2025, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/infa.70028 by U

ppsala U
niversity L

ibrary, W
iley O

nline L
ibrary on [29/08/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



FIGURE 1 | Diagram showing flow of participants through the study. This diagram shows flow of participants from screening assessment of
eligibility to participate in the study to the fourth assessment at 24 months of age.

TABLE 2 | Study outcomes and measures at 10‐month (T1), 11.5 months (T2), 18‐month (T3) and 24‐month (T4).

Outcomes Measures T1 T2 T3 T4
Word production Parental report: SE‐CDI x x x x

Word comprehension Parental report: SE‐CDI x x x x

Word recognition Eye tracking: Preferential looking paradigm x x x

Word recognition Eye tracking: Mismatch paradigm x x

Covariates

Cognition Bayley cognitive scale x

Child gender Parental report x

Parental education Parental report x

Language spoken at home Parental report x

Reading habits at home Parental report x

Family history of language difficulties Parental report x
Abbreviation: SE‐CDI = The Swedish Early Communication Development Inventory.
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(e.g., pointing to the screen). Figure 2 illustrates stimuli and
trial sequences.

Looking time to the target and the distractor pictures was
calculated within an analysis window from 367 to 2500 ms after
the onset of the presentation of the pictures. This starting point
accounts for the time children require to initiate an eye
movement in response to the auditory signal (Bergelson and
Swingley 2012). A trial was considered valid if the child pro-
vided at least 30% (~640 ms) gaze data during the analysis
window. Children provided, on average, 22.05 (SD = 9.11),
25.08 (SD = 7.57) and 29.96 (SD = 4.02) valid trials (out of 32
trials) during the first, second and third lab visit, respectively. A
proportion‐of‐looking‐time score for the target was calculated
by subtracting looking time at the same picture when it func-
tioned as a distractor. Thus, a positive score indicates word
recognition (Bergelson and Swingley 2012). This approach
controlled for any inherent bias toward one picture over
another and produced a single score per item pair. The mean
score across valid trials served as the outcome measure. Chil-
dren had to provide valid data for at least four out the eight
word‐pairs to be included in the analysis. On average, children
provided 6.07 (SD = 2.43), 6.73 (SD = 2.08) and 7.92 (SD = 0.27)
valid word‐pairs out of 8 at the first, second and third lab visit,
respectively (see Supporting Information S1: Table S1 for in-
formation on percentage of missing data). Technical issues with
the eye‐tracker at 10 and 11.5 months resulted in data loss for 7
participants.

2.3.2 | Mismatch Paradigm

This paradigm (modeled on Parise and Csibra 2012) comprised
64 trials and included 16 words, each presented four times ‐
twice followed by a congruous picture and twice by an
incongruous picture (see Supporting Information S1: Table S2
for a list of all words and objects used). To maintain the child's
attention to the task, child‐friendly pictures and video clips

were presented after every 4th trial. The task took ~7 min to
administrate. Figure 3 depicts the stimuli and trial sequences.

During this assessment, the child's parent wore headphones and
heard a series of pre‐recorded (e.g., “Look at X!”), which they
repeated verbatim to their child. Parents repeated the sentences
naturally, as they would in everyday life, and could also use
gestures, such as pointing, to direct the child's attention to the
screen. Each trial beganwith a central 500ms fixation stimulus (a
red cross) at the center of the screen. During this phase the parent
heard a short sound (a “pop” or a “plop”) signaling that a sentence
would play next. Next, a scene with floor and a blue occluder was
displayed. A sentence prompt (“Look at X!”) was presented over
headphones to the parent, who repeated it to the child. Then the
experimenter pushed a button, which initiated that the occluder
moved upwards (motion onset= 360ms,motion offset= 760ms).
A picture of an object was revealed for 1240 ms that was either
congruent (50%) or incongruent (50%) with the parent's labeled
word. Trials were pseudorandomized so that there could be no
more than two consecutive congruent or incongruent trials, and
the same word could not be presented more than twice in a row.

The outcome measure was a pupil size difference score derived
by subtracting mean pupil size on incongruent trials from
congruent trials Thus, a positive difference score reflects larger
pupil size on incongruent trials. The score was baseline cor-
rected (see e.g., Hepach and Westermann 2013) using a 360 ms
interval prior to occluder movement. The 1200 ms time window
that followed the occluder's disappearance served as the pupil
dilation analysis window (Kuipers and Thierry 2011). Any in-
dividual trial missing more than 50% of data across the baseline
and analysis window was excluded. To be included in the an-
alyses, each child needed at least 5 valid trials in each condition
(congruent and incongruent). On average, children who met
these criteria provided 32.2 (SD = 15.1) trials and 36.7
(SD = 14.7) at the first and second lab visit, respectively (see
Supporting Information S1: Table S1 for missing data). Tech-
nical issues with the eye‐tracker at 10‐ and 11.5‐month visits
resulted in data loss for 12 participants.

FIGURE 2 | Experimental timeline for preferential looking paradigm. On each trial the child was presented with a fixation cross and a prerecorded
sentence over speakers (e.g., “Look at the Frog!”). The sentences always ended 250 ms prior to the end of the presentation of the fixation cross. During
the warm‐up phase (4 trials) the child was presented with a single picture on the screen (counterbalanced for left and right side). During the test phase
the child was presented with pairs of pictures for 2500 ms. The side of the targeted picture was counterbalanced between left and right.
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2.4 | Pre‐Processing of Eye Tracking Data

The raw gaze data files were exported from Tobii Studio and
processed in TimeStudio (version: 3.23, http://timestudioproject.
com; Nyström et al. 2016), operating within the MATLAB
environment (version: R2022b; The Mathworks, Natick, MA).
For the preferential looking paradigm, missing data segments
shorter than 14 samples (117 ms) were linearly interpolated
(Leppänen et al. 2015). Two areas of interest (AOIs) were
defined, covering the target and distractor pictures (subtending
11° visual angel horizontally and 13.6° visual angle vertically off‐
center; see Supporting Information S1: Figure S1). For the
mismatch paradigm, pupil data were analyzed from the partic-
ipant's left eye. Samples outside the 1.5–9 mm pupil size range
were discarded, and a 14‐sample moving median average filter
was applied. Short data gaps (≤ 14 samples) were linearly
interpolated.

2.5 | Statistical Analysis

All statistical analysis were performed in SPSS (version 28). The
variables, outcome measures and main analyses were pre‐
registered before any data analyses (see pre‐registration https://
osf.io/4qekb/?view_only=7e303836d2d4480eab2f42fdea8e57f6)
and both the data and analyses are available at https://osf.io/
sbzrt/?view_only=b6d2cd11ade848ef80a39f438738795c.

Data was examined for non‐normality using Q‐Q plots, histo-
grams, and skewness/kurtosis values. As the SE‐CDI and
mismatch paradigm measures were not normally distributed
and exhibited outliers with a large impact on the data, Spear-
man's rho was used for correlation matrixes. This deviated from
the preregistration, which proposed transforming non‐normally
distributed data; however, no standard transformation success-
fully normalized the SE‐CDI measures.

Missing data in the primary outcome measurements were
handled by using the expectation‐maximization (EM) algorithm

to facilitate statistical analysis of the full sample (N = 70). This
procedure uses all relevant parameters in the data matrix,
imputing missing values based on relationships among
remaining variables. The EM algorithm has been shown to be
robust, even with a high ratio of missing data (Khan et al. 2018,
2019; Schomaker and Heumann 2018).

This study addressed four research questions. First, the stability
of performance in the preferential looking and mismatch
paradigm were examined across assessment points. Second,
associations between these two paradigms were investigated
using zero‐order correlations. Third, concurrent and later as-
sociations between the two eye tracking paradigms and
parental reports of word comprehension and production (based
on SE‐CDI) at 10, 11.5, 18 and 24 months were assessed
through zero‐order correlations. Fourth, partial correlations
were conducted to control for potential effects of sociodemo-
graphic variables on these associations. As the main analyses
demonstrated both expected and unexpected correlations be-
tween the eye‐tracking paradigms and the SE‐CDI, additional
exploratory analyses were conducted to better understand the
eye‐tracking measures, including evaluation of children's
attentiveness to the stimuli in the eye‐tracking tasks, group
level performance, and exposure to the words used in the eye‐
tracking paradigms.

3 | Results

3.1 | Descriptive Statistics, Missing Data,
Outcome Measure Distribution, and Sensitivity
Analysis

First, we examined the amount of missing and excluded data in
our primary outcome variables. See Supporting Information S1:
Table S1 for details. We used the EM algorithm to impute the
missing data. Little's MCAR test indicated that data were missing
completely at random (p = 0.29), which supports the use of EM
imputation appropriate (Baraldi and Enders 2010). We note that

FIGURE 3 | Experimental timeline for the mismatch paradigm. On each trial the child and the parent were presented with a fixation cross, and the
parent heard a brief sound (“pop” or “plop”—alternating every second trial) over the headphones. Next, a scene with a blue occluder was presented
on the screen while the parent heard a sentence over the headphones. As soon as the parent had repeated the sentence, the experiment leader pressed
a button (the spacebar) on the experimenter computer. Following the button press, 360 ms later the occluder started to rise and revealed the object. By
760 ms the object was presented by itself on the screen and remained there for 1240 ms.
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the EM algorithm can produce negative and positive values
beyond the observed range (see e.g., Baraldi and Enders 2010;
Sammaknejad et al. 2019); for instance, some estimated SE‐CDI
values were negative. After imputation, we examined the me-
dian, spread, and distributions of the primary outcome variables
for the full sample (N = 70), see Table 3 and Supporting
Information S1: Figures S2–S7. A supplementary analysis
compared the non‐imputed data with the imputed data and
revealed generally similar patterns, lending credibility to the
findings (see Supporting Information S1: Tables S3 and S4 and
Figures S8–S21).

A post hoc sensitivity analysis in G*Power (Faul et al. 2007)
indicated that with N = 70, α = 0.05, two‐tailed, and 80% power,
the study can detect a minimum correlation of r = 0.32—that is,
the study is adequately powered to detect moderate‐sized cor-
relations but may not capture smaller effects reliably.

3.2 | Stability of Performance Across Time in the
Preferential Looking and Mismatch Paradigms

The first research question investigated whether children's
performance on the eye‐tracking paradigms remain stable over
time. For the preferential looking paradigm, there was a sig-
nificant correlation between 10‐ and 18‐month performance
(rho = 0.31, p = 0.009), indicating stability over that 8‐month
period. For both paradigms, there were there were no

significant correlations between 10‐ and 11.5‐months perfor-
mance. See Table 4 for the full correlation matrix for the eye‐
tracking outcome measures.

3.2.1 | Correlations Between Performance in the
Preferential Looking and Mismatch Paradigms

The second aim was to determine whether performance in the
two eye‐tracking paradigms was related. Results showed that
mismatch performance at 10 months correlated with preferen-
tial looking performance at 10 (rho = 0.24, p = 0.04) and
18 months (rho = −0.30, p = 0.01).

The change in correlation direction over time suggests that the
relationship between the two paradigms varies over age.

3.3 | Correlations Between Preferential Looking
and Mismatch Paradigm Performance and
Vocabulary Development as Measured by Parental
Reports

The third aimwas to examinewhether the children's eye‐tracking
performance correlated with parental reports of vocabulary. We
note that most SE‐CDI vocabulary measures were significantly
intercorrelated (see Table 4). For the preferential looking para-
digm, performance at 18 months was negatively correlated with
word comprehension at 10 months (rho = −0.27, p = 0.023), and
word production at 12 months (rho = −0.28, p = 0.019), but
positively correlated with word production at 18 months
(rho = 0.32, p = 0.006) and 24 months (rho = 0.30, p = 0.013). No
other significant correlations emerged.

Regarding the mismatch paradigm, performance at 10 months
was negatively correlated with word comprehension at
24 months (rho = −0.25, p = 0.034). At 11.5 months of age,
performance was negatively correlated with word comprehen-
sion at 10 months (rho = −0.25, p = 0.04), 12 months
(rho = −0.30, p = 0.012), 18 months (rho = −0.39, p < 0.001),
and 24 months (rho = −0.38, p = 0.001). Negative correlations
were also found with word production at 18 months
(rho = −0.30, p = 0.011) and 24 months (rho = −0.55, p < 0.001).
We found no other significant correlations. This pattern of
correlations showed that increased pupil dilation on congruent
rather than incongruent trials was linked to larger vocabulary
size. Scatterplots in the Supporting Information S1 illustrate
these correlations.

3.4 | Changes in Observed Correlations When
Controlling for Socio‐Demographic Variables

The fourth aim focused on whether the observed associations
between the eye‐tracking paradigms and SE‐CDI persisted after
controlling for sociodemographic data. Partial correlations were
conducted to account for these variables (see Supporting
Information S1: Table S5 for the entire matrix). For the prefer-
ential looking paradigm, performance at 10 months was no
longer significantly correlated to mismatch at 10 months

TABLE 3 | Descriptive data showing median, standard deviation
(SD), skewness and kurtosis for all primary outcome measures.

Task Median SD Skewness Kurtosis

SE‐CDI

Word comprehension

10 months 21.6 16.01 0.55 0.17

11.5 months 38 19.99 0.29 −0.40

18 months 71.2 12.54 −1.36 2.90

24 months 86 5.82 −1.66 5.78

Word production

10 months 1 3.95 1.66 2.99

11.5 months 3 6.33 1.34 2.02

18 months 20.5 21.24 0.44 1.38

24 months 75.5 19.86 −1.36 1.65

Preferential looking paradigm

Proportion looking time

10 months 0.05 0.12 0.30 0.20

11.5 months 0.02 0.10 −0.07 1.89

18 months 0.11 0.15 −0.16 −0.07

Mismatch paradigm

Pupil size difference score (mm)

10 months −0.02 0.13 0.42 1.65

11.5 months 0.01 0.12 0.85 0.35
Abbreviation: SE‐CDI = A Swedish short form of the early vocabulary checklist.
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(rho = 0.25, p = 0.07). Similarly, the correlation between 18‐
month performance and SE‐CDI word comprehension at
10 months was no longer significant (rho = −0.24, p = 0.087).

In the mismatch paradigm, the correlation between 10‐month
performance and SE‐CDI word comprehension at 24 months
was no longer significant (rho = −0.15, p = 0.29). Likewise, the
correlation between 11.5‐month performance and SE‐CDI word
comprehension at 10 months was no longer significant
(rho = −0.25, p = 0.07).

For all other associations, the correlations held, and the di-
rections of the correlations remained the same. Table 4 high-
lights the correlation coefficients in bold that remained
significant after adjusting for sociodemographic variables.

3.5 | Exploratory Analysis of Performance in the
Preferential Looking and Mismatch Paradigms

Following the main analyses, exploratory investigations were
conducted to understand the absence of correlations involving
the preferential looking paradigm at 11.5 months, the lack of
correlation between the mismatched paradigm at 10 and
11.5 months, and the strong correlations between the mis-
matched paradigm at 11.5 months and SE‐CDI across several
assessment points.

For the preferential looking paradigm at 11.5 months, an ex-
amination of total looking (target plus distractor) indicated that
children spent 1.1 s looking at 10 months, 1.3 s at 11.5 months,
and 1.6 s at 18 months. Paired t‐tests demonstrated significant
differences in total looking time across all time‐points (ts = −7.5

to 2.5; ps < 0.05), suggesting that attentiveness to the stimuli
increased with age.

For the mismatch paradigm at 10 and 11.5 months, a paired t‐
test showed no significant difference between looking time be-
tween these ages, t(28) = −1.7, p = 0.11. However, mean per-
formance analyses indicated that pupil dilation to incongruent
trials increased at 11.5 months compared to 10 months, and a
paired t‐test confirmed that this mean difference was significant
(see Supporting Information S1).

Finally, potential effects of word exposure were examined by
correlating parental reports of familiarity with the words used in
the two paradigms and task performance; no significant asso-
ciations emerged. Further details on these exploratory analyses
can be found in Supporting Information S1.

4 | Discussion

This study investigated the stability of early word recognition
assessed through eye‐tracking paradigms, and their associations
with concurrent and subsequent word comprehension and
production measured by parental reports. The results indicated
that performance on the preferential looking paradigm was
stable over time, whereas the mismatch paradigm showed no
such stability. Correlations between the two paradigms were
weak, but both paradigms were associated with concurrent and
later word recognition and production, with most correlations
remaining significant after controlling for sociodemographic
variables. The discussion begins by addressing each paradigm
separately before addressing their combined implications and
the study's limitations.

TABLE 4 | Correlations between the SE‐CDI and performance on the preferential looking and mismatch paradigms at 10, 11.5, 18 and 24 months.

Variable 1 2 3 4 5 6 7 8 9 10 11 12 13
1. Com 10 months — 0.57** 0.85** 0.50** 0.56** 0.45** 0.47** 0.11 −0.18 0.19 −0.27* 0.19 −0.25*

2. Pro 10 months — 0.59** 0.78** 0.54** 0.58** 0.43** 0.25* −0.09 0.15 −0.05 −0.03 −0.08

3. Com 11.5 months — 0.55** 0.67** 0.48** 0.43** 0.09 −0.10 0.20 −0.16 0.12 −0.30*

4. Pro 11.5 months — 0.40** 0.41** 0.33* 0.11 0.03 0.10 −0.28* 0.19 0.01

5. Com 18 months — 0.72** 0.76** 0.33** 0.04 0.21 0.04 −0.11 −0.40**

6. Pro 18 months — 0.72** 0.52** 0.04 0.12 0.32** −0.08 −0.30*

7. Com 24 months — 0.64** 0.05 0.14 0.15 −0.25* −0.38**

8. Pro 24 months — 0.06 0.03 0.30* −0.19 −0.55**

9. PLP 10 months — −0.19 0.31** 0.24* 0.18

10. PLP 11.5 months — −0.01 −0.01 0.06

11. PLP 18 months — −0.30* 0.06

12. MM 10 months — −0.05

13. MM 11.5 months —
Note: This table contains Spearman correlation coefficients. Bold indicates that the correlation held after controlling for socio‐demographic variables.
Abbreviations: Com = SE‐CDI word comprehension sub‐scale, MM = Mismatch paradigm, PLP = preferential looking paradigm, Pro = SE‐CDI word production
sub‐scale, SE‐CDI = Swedish Early Communicative Development Inventories.
*p < 0.05.
**p < 0.01.
***p < 0.001.
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4.1 | Preferential Looking Paradigm

We found partial support for stability in performance on the
preferential looking paradigm. Specifically, performance at
10 months correlated positively with performance at 18 months,
indicating continuity in early word recognition from infancy to
toddlerhood. These findings align with Lany et al. (2018), who
observed both concurrent correlations between word recogni-
tion and word comprehension at 12 months and correlations
with word production at 15 months (based on CDI percentile
scores). Additionally, supplemental analysis showed that chil-
dren in this study performed above chance at matching spoken
words to the correct referent across all ages tested, replicating
Bergelson and Swingley (2012, 2015) work that showed recog-
nition of familiar words in children between 6 and 15 months.

Interestingly, performance at 11.5 months did not correlate with
performance at 10 or 18 months, indicating potential instability
in this measure by the end of the first year of life. Exploratory
analyses suggested increased visual exploration of stimuli at
11.5 months, which may have added noise to the measure,
although the reasons for this heightened exploration are
unclear.

Performance on the preferential looking paradigm also revealed
age‐dependent associations with vocabulary measures. At 10
and 11.5 months, no correlations emerged with any SE‐CDI
subscales, while at 18 months, performance correlated nega-
tively with word production at 11.5 months and positively with
word production at 18 and 24‐months, even after controlling for
socio‐demographic variables. One explanation is that perfor-
mance in infancy may be too variable to capture reliable indi-
vidual differences. Whereas by toddlerhood, the task may better
capture meaningful variance in early word recognition abilities.

An alternative interpretation is that there is a stable underlying
word recognition ability from infancy to toddlerhood, but the
relationship between gaze‐based word recognition and parental
vocabulary reports shifts with age. Before the onset of
spoken language, parental reports contain more errors and
biases (Feldman et al. 2005, 2000), potentially leading to un-
derestimates of infants' vocabulary (Bergelson and Swin-
gley 2012; Golinkoff et al. 2013). As children grow older and
exhibit more observable language skills, parental estimates may
become more accurate, thus aligning more closely with eye‐
tracking measures.

Another possibility is that methodological differences contribute
to those patterns. The preferential looking paradigm measures
word recognition proportionally (i.e., relative looking time),
whereas the SE‐CDI uses dichotomous parent ratings for word
comprehension. The continuous nature of looking time data
may capture more nuanced variations in word recognition than
the binary parental reports. Future research comparing prefer-
ential looking measures with other observational methods could
help clarify whether the observed patterns are specific to SE‐
CDI data or reflect broader trends (Bornstein and Putnick 2012).

Performance at 18 months was positively correlated with word
production at 18 and 24 months, but not with word compre-
hension. This difference is likely due to greater variability in the

word production subscale at these ages. Indeed, by 18 or
24 months, most children are estimated to understand most
words the SE‐CDI short form, while it still differs greatly
whether they say the words or not (see Table 4).

4.2 | Mismatch Paradigm

Performance in the mismatch paradigm was not stable over
time. At 10 months, infants exhibited greater pupil dilation in
response to matching stimuli (congruent trials), whereas at
11.5 months, they showed greater pupil dilation to mismatching
stimuli (incongruent trials; see Supporting Information S1). This
shift suggests developmental changes in how infants respond to
match versus mismatch conditions, possibly due to expanded
vocabulary at 11.5 months driving a stronger reaction to mis-
matching stimuli. Future research could add another time‐point
(e.g., 18 months), to see if this pattern persists over a larger
timespan. Notably, while Parise and Csibra (2012) found a
N400‐like response in infants as young as 9 months, Friedrich
and Friederici (2005), (2008) observed reliable mismatch re-
sponses only at 14 months of age, suggesting that infants
younger than 14 months may detect mismatching inconsistently
at a group level.

Unexpectedly, mismatch performance at 10 months did not
correlate with any SE‐CDI measure, while performance at
11.5 months was negatively correlated with both concurrent and
later vocabulary. This finding supports the notion that perfor-
mance in the mismatch paradigm changes with age and it also
suggests that pupil dilation in matching (rather than mis-
matching) stimuli is related to vocabulary development at
11.5 months. A speculative explanation is that infants at this age
are particularly attuned to consistent label‐object pairings in
everyday life, focusing on how words and objects match as part
of fundamental word‐learning (Saxton 2010). By 14 months or
older infants may then shift to detecting and responding more
systematically to mismatches (Friedrich and Friederici 2005,
2008). However, more research is needed before we can make
any strong claims.

Although, the mismatch paradigm is designed to measure in-
fants' ability to detect mismatches between labels and objects
(Parise and Csibra 2012), the present result suggest that pupil
dilation may reflect a different underlying mechanism, such as
arousal (Kloosterman et al. 2015). Moreover, the lack of
consistent correlations between mismatch and preferential
looking performance complicates our understanding of what the
mismatch paradigm measures. Comparing pupil dilation data
with ERP data in the same sample might clarify the mechanisms
behind these pupillary responses, though such an investigation
falls outside the scope of this study.

4.3 | Combined Implications of the Two
Paradigms

Taken together, the preferential looking and mismatch para-
digms both provide insights into early word recognition and its
link to vocabulary development. Their performance measures
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showed associations with concurrent and later vocabulary,
highlighting the role for early word recognition in facilitating
both word comprehension and production. These findings also
suggest that eye‐tracking measures may serve as useful com-
plement to parental report in infancy and toddlerhood. How-
ever, further research is needed to clarify the developmental
trajectories and mechanistic underpinnings of each paradigm
better before offering strong conclusions or recommendations.

4.4 | Strengths and Limitations

A key concern involves the amount of missing data in the eye‐
tracking‐based paradigms. In the mismatch paradigm, approxi-
mately 60% of the data from the first assessment and 50% from
the second assessment were initially deemed valid multiple
imputation with the EM algorithm (see Table S1). Some of these
missing data stem from technical issues with the eye‐tracker,
resulting in the loss of 12 participants' data at both 10 and at
11.5 months. While our attrition rate resembles that of Parise
and Csibra (2012), who reported valid data for about 57% of
their sample, the pupil‐dilation outcome measure is indeed
more vulnerable to noise and artifacts (e.g., blinks, eye‐ and
head‐movements) than the looking‐time measure used in the
preferential looking paradigm.

Despite these challenges, the study's longitudinal design with
multiple assessments improves on previous research that has
often relied on single time points or cross‐sectional design. By
tracking the same infants over time, we offer clearer insights
into how preferential looking and mismatch performances
relate to concurrent and later vocabulary, and their stability
across infancy and toddlerhood. These findings enhance our
understanding of eye‐tracking methods in language develop-
ment and emphasize the need for further refinement of these
paradigms, especially for younger infants.

5 | Conclusion

In sum, the preferential looking paradigm appeared to capture
stable individual differences in early word recognition from
infancy into toddlerhood and showed meaningful links with
both word comprehension and production. These results sug-
gest that the preferential looking paradigm may serve as a
valuable complement to parental reports, offering an objective
assessment of word recognition. Nonetheless, further research is
needed to elucidate early within‐child variability and to refine
the paradigm for broader application.

By contrast, the mismatch paradigm revealed a possible devel-
opmental shift in how infants respond to the task, likely
contributing to the lack of performance stability between 10 and
11.5 months. While mismatch performance was associated with
both concurrent and later word comprehension and production,
the unexpected direction of these correlations raises interesting
questions about the underlying cognitive or attentional mech-
anism. These findings highlight the need for further research
to clarify what the mismatch paradigm measures at different

developmental stages and to evaluate its utility in assessing early
word recognition.
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