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20 SUMMARY:
21 Here we present a protocol for familiarization-test paradigms which provide a direct test of infant
22 categorization and help to define the role of language in early category learning.
23
24  LONG ABSTRACT:
25  Assessing infant category learning is a challenging but vital aspect of studying infant cognition.
26 By employing a familiarization-test paradigm, we straightforwardly measure infants’ success in
27  learning a novel category while relying only on the passive looking behavior. Moreover, the
28  paradigm can directly measure the impact of different auditory signals on the infant
29  categorization across a range of ages. For instance, we assessed how 2-year-olds learn categories
30 in a variety of labeling environments: in our task, 2-year-olds successfully learned categories
31  when all exemplars were labeled, or the first two exemplars were labeled, but they failed to
32  categorize when no exemplars were labeled or only the final two exemplars were labeled. To
33  determine infants’ success in such tasks, researchers can examine both the overall preference
34  displayed by infants in each condition and infants’ pattern of looking over the course of the test
35 phase, using an eye-tracker to provide fine-grained time-course data. Thus, we present a
36  powerful paradigm for identifying the role of language, or any auditory signal, in infants’ object
37  category learning.
38
39  INTRODUCTION:
40  Categorization is a fundamental building block of human cognition: infants’ categorization
41  abilities emerge early in infancy and become increasingly sophisticated with age. Research has
42  also revealed a powerful role for the language in infant categorization: from 3 months of age,
43  infants learn categories more successfully when category exemplars are paired with language.*
44  ® Moreover, by the end of the first year, infants are attuned to the role of count noun labels in
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categorization. Pairing category exemplars with a consistent labeling phrase (“This is a vep!”)
facilitates infants’ category learning relative to providing either a distinct label for each exemplar
(“This is a vep!” “This is a dax!” etc.) or a non-labeling phrase (“Look at this.”).”

In infants’ everyday experiences, however, the vast majority of objects they encounter will likely
remain unlabeled. No caregiver could label every object an infant will see and much less provide
the labels which apply to every object (e.g., “malamute,” “dog,” “pet,” “animal”). This presents a
paradox: how can we reconcile the power of labels in infant categorization with their relative
scarcity in infants’ daily lives?

” u

To answer this question, we developed a protocol to assess how infants learn categories in a
variety of different learning environments, including when they receive a mixture of labeled and
unlabeled exemplars. Specifically, we propose that receiving even a few labeled exemplars at the
beginning of learning can facilitate categorization—by enhancing infants’ ability to learn from
subsequent, unlabeled exemplars as well. This strategy of using a small number of labeled
exemplars as a foundation for learning from a larger number of unlabeled exemplars has been
widely implemented in the field of machine learning, spawning a family of semi-supervised
learning (SSL) algorithms%12, Of course, the learning strategies implemented are not identical
across different kinds of learners: in machine learning, algorithms typically are exposed to many
more exemplars, make explicit guesses about each exemplar, and learn multiple categories
simultaneously. Nevertheless, both machine and infant learners may benefit from successfully
integrating both labeled and unlabeled data to learn new categories in sparse labeling
environments.

Our design focuses on whether 2-year-old children, in the process of acquiring words for
numerous new categories, are capable of this kind of semi-supervised learning. We employ a
standard infant categorization measure: a familiarization-test task. In this paradigm, 2-year-olds
were exposed to a series of exemplars from a novel category during a familiarization phase. Each
exemplar was paired with a different auditory stimulus, depending on the condition (i.e., either
a labeling or a non-labeling phrase). Then, at the test, all 2-year-olds saw two new objects
presented in silence: one object from the now-familiar category and one from a novel category.

If the 2-year-olds successfully form the category during the familiarization phase, then they
should distinguish between the two exemplars silently presented at the test. Importantly,
because a systematic preference for either the novel or familiar test image reflects an ability to
distinguish between them, both familiarity and novelty preferences are interpreted as evidence
of successful categorization. Note that on a given task, the nature of this preference is a function
of infants’ processing efficiency for the stimulus materials, with familiarity preferences
associated with less efficient stimulus processing # 13717, Presenting the test phase in silence
makes it possible to directly assess infants’ success in object categorization and how this success
varies according to the information that accompanied the exemplars during familiarization. Thus,
this paradigm provides a compelling test of how different types of linguistic environments affect
category learning. If labeling enhances category learning in both semi-supervised and fully
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supervised environments, then 2-year-olds in these conditions should show stronger test
preferences than infants in other environments.

PROTOCOL:

All methods described here have been approved by the Northwestern University Institutional
Review Board.

1. Stimuli Creation
NOTE: The visual stimuli (see Figure 1) used in the representative design reported below were

originally developed in Havy and Waxman (2016) 8 and are available for download at
https://osf.io/n6uy8/.

1.1. To create a new continuous category, first design a pair of novel digital images. Next,
morph the pair of images together, using software (see, e.g., Table of Materials) to form a
continuum of exemplars between the two original images. Create at least two categories in this
way so that one can serve as the category to be learned while the other provides the novel
category exemplar for the test trial.

1.2.  Select the familiarization exemplars at evenly spaced intervals from across each learned
category’s continuum (e.g., the 0%, 20%, 40%, 60%, 80%, and 100% exemplars). Select an
appropriate number of exemplars (e.g., six). Commensurate with the difficulty of the category
and age of the participants.

1.3. To create the exemplars for the test phase, select the midpoints of the familiar
category’s continuum and the novel category’s continuum (i.e., the 50% exemplar). Then match
the color of the novel exemplar to that of the familiar exemplar using an image manipulation
program (see, e.g., Table of Materials).

1.4. Record auditory stimuli produced by a female native English speaker in a soundproof
booth. If possible, use the same speaker for both labeling phrases (i.e., “Look at the modi”) and
non-labeling phrases (i.e., “Look at that!”).

1.4.1. Instruct the speaker to produce all utterances in infant- or child-directed speech.

1.4.2. Select utterances which are approximately the same length across conditions, likely
around 1000 ms per phrase.

2. Apparatus

2.1. Use an appropriate eye-tracker. To collect adequate eye-tracking data for a
familiarization-test measure, most widely available eye-trackers will suffice: the objects occupy


https://osf.io/n6uy8/

131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173

large portions of the screen, and the data analysis investigates performance over a long
window, rather than individual, rapidly occurring eye movements such as saccades.

2.2.  Because this task requires eye-tracking infants, ensure that the system conforms to
several requirements.

2.2.1. First, use an eye-tracker with a remote tracking mode, which does not require infants to
place their heads on a chin-rest. Ensure that the eye-tracker can tolerate relatively large head
movements or readjustments.

2.2.2. Second, use a relatively large screen to display the images to infants, (e.g., 57 x 45 cm).

2.2.3. Third, use an extendable arm mount for the eye-tracker to facilitate data collection by
allowing the researcher to adjust the height of the eye-tracker to each infant.

2.2.4. Fourth, try to make the eye-tracking equipment unobtrusive, focusing infants’ attention
solely on the display screen. For instance, some systems integrate the eye-tracking equipment
with the display monitor or mount the equipment directly below the monitor.

2.3.  Note that this task can also be completed by hand-coding high-quality video data of the
infants’ looking behavior. While hand-coding techniques may pose some challenges for using
the more fine-grained time-course analyses, hand-coded data are entirely enough for the
aggregate looking analyses.

3. Task Design

3.1. Inthe eye-tracker’s associated software (see, e.g., Table of Materials), create four
different conditions: Fully Supervised, Unsupervised, Semi-supervised, and Reversed Semi-
supervised. Ensure these conditions are separate, so that each infant will see only one
condition.

3.2. Generate at least two pseudo-random orders of the learning exemplars, with the
constraint that no more than two exemplars from the same side of the continuum (0-40% or
60-100%) can be shown consecutively.

3.3.  Create familiarization videos that pair the auditory stimuli with the visual stimuli as
appropriate for each condition.

3.3.1. Combine the visual and auditory stimuli in video editing software (see, e.g., Table of
Materials). Present all images on the same background. Set the onset of the auditory stimulus
to an appropriate range, between 500 ms and 1500 ms after the onset of the visual stimulus.
Use this short delay to ease infants’ processing load %°.
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3.3.2. Forinstance, in the Fully Supervised condition, pair each familiarization exemplar with a
labeling phrase.

3.3.3. Inthe Unsupervised condition, pair each familiarization exemplar with a non-labeling
phrase.

3.3.4. Inthe Semi-supervised condition, pair only the first two exemplars in each order with
labeling phrases but the rest with non-labeling phrases.

3.3.5. For the Reversed Semi-supervised condition, pair the final two exemplars with labeling
phrases but the first four with non-labeling phrases (see Figure 1).

3.3.6. Upload these videos into the eye-tracker software, ordering the familiarization videos as
determined by the pseudo-randomized order.

3.4. Upload a short (10 s or less) attention-grabbing animation displayed in the center of the
screen after familiarization: this will ensure that most infants are looking to the center of the
screen when the test phase begins.

3.5. Finally, for each learning category, design two test trials, each featuring two exemplars
displayed side-by-side. Ensure that for both test trials, one exemplar will represent the
midpoint of the now-familiar category while the other represents the midpoint of the novel

category.

3.5.1. Counterbalance the trials so that the left/right positioning of the novel exemplar in the
test trial is reversed across videos.

3.5.2. Upload these test trials to the eye-tracker software, positioning them after the post-
familiarization attention-getter. Counterbalance these trials’ presentation so each infant has an

equal chance of seeing a left-novel or right-novel test trial.

3.5.2. Ensure that test trials last at least 5 s, and up to 20 s, in order for children initially
looking away to accumulate sufficient looking.

[Place Figure 1 here]

3.  Study Procedure

4.1. Before the infant arrives, set up the eye-tracker.

4.1.1. Randomly assign the infant to a condition and an order.

4.1.2. Open the eye-tracker software and select the assigned condition/order pair.
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4.1.3. Now enter the participant number for this recording.

4.2.  After performing the consent process, bring the infant and the caregiver to the eye-
tracking room. Ensure the room is moderately lit without any distracting decorations on the
walls.

4.3.  Place a chair in front of the eye-tracker at an appropriate distance for the model of eye-
track being used. Seat the caregiver in this chair and the infant on the caregiver’s lap. If the
infant does not wish to sit in the caregiver’s lap, they may sit on their own, or they may sitin a
car seat.

4.4. |If the infant is sitting on the caregiver’s lap, instruct the caregiver not to bias infants’
behavior in any way but to try to keep the infant centered on the caregiver’s lap. Provide
caregivers with a pair of blacked-out sunglasses to wear so they cannot see the stimuli.

4.5. Askthe infant to look at the eye-tracker screen; consider displaying an engaging image
or video to attract their attention. Position the screen so that infants’ eyes are within the
calibration window.

4.6. Perform the eye-tracker’s calibration procedure. Use a five-point calibration if possible
but less comprehensive calibrations are also likely to be adequate. Infants often respond better
when the calibration image is an animation with auditory accompaniment.

4.7. If the infant passes calibration, then begin the experiment. If not, recalibrate until they
are successful. Any infants who cannot be calibrated are excluded.

4.8. If multiple experiments are run consecutively, or if a single experiment is quite long,
consider re-calibrating after each section.

5. Data Analysis
5.1.  Use data analysis software to perform this analysis (e.g., see Table of Materials).

5.2.  Create areas of interest (AOls) around the exemplar positions on the left and right sides
of the screen.

5.3.  For familiarization trials, use the appropriate AOI to assess the time infants spent
looking to the exemplar displayed on each trial. Exclude any infant who does not show
sustained looking for a majority of the exemplars (e.g., require that infants attend to 4 of a
possible 6 familiarization exemplars for at least 25% of those trials).

5.4.  For the test trial, include only infants’ first 5 s of accumulated looking. For younger
infants, from 3 to 12 months of age, consider using a longer window such as 10 seconds of
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accumulated looking. Consider excluding infants who show insufficient sustained looking at test
(e.g., accumulating less than 2.5 s of looking) or who fail to look to both of the exemplars.

5.5. Now create a preference score for each infant’s test trial by dividing the amount of time
spent looking to the novel exemplar by the total amount of time looking to both exemplars. To
analyze these proportions, transform them first with an empirical logit or arc-sin square-root to
make them suitable for analysis with linear models.

5.6.  For atime-course analysis of infants’ looking behavior at the test, separate data into
small bins (e.g., between 10 and 100 ms), and calculate a preference score within each bin for
each infant. Now conduct t-tests within each bin.

5.7.  Perform an analysis of the time-course data, testing whether infants’ pattern of looking
throughout the test trial varies by condition. Note that multiple forms of analysis may answer
this question, including a cluster-based permutation analysis?°, as demonstrated here, and
growth curve modeling.?!

5.7.1. For a cluster-based permutations analysis, select a t-value threshold, corresponding to
the desired alpha level (recommended alphas range from .01 to .20; note that this alpha value
does not represent the overall test’s alpha level, merely the level required for individual time-
bins to exceed the threshold). Sum the t-statistics for every consecutive time-bin that surpasses
the chosen t-threshold; these cumulative t-statistics indicate the size of the divergences
between conditions in the data.

5.7.2. To determine if these divergences are greater than expected by chance, perform at least
1000 simulations with the condition labels randomly shuffled. Evaluate the unshuffled data’s
divergences against this chance-based distribution.

NOTE: It is this comparison of the original divergence against the chance-based distribution that
determines the false-positive rate of the analysis, rather than the number of time-bins in which
t-tests were conducted or even the t-value threshold selected for those initial t-tests. As a
result, this analysis provides a conservative alternative to directly reporting the results from
multiple t-tests across pre-specified time-bins (e.g., conducting tests every 500 ms).

REPRESENTATIVE RESULTS:

Using the protocol above, we ran two experiments??. Analyses were conducted with the
eyetrackingR package?3, and the data and code are available at https://github.com/sandylat/ssl|-
in-infancy. In the first experiment, we contrasted a fully supervised condition (n = 24, Mage = 26.8
mo), featuring only labeled exemplars, with an unsupervised condition (n = 24, Mage = 26.9 mo),
featuring only unlabeled exemplars.

Fully Supervised vs. Unsupervised environments
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Infants in the Fully Supervised (M =13.86's, SD = 3.00) and Unsupervised (M =14.94 s, SD =1.91)
conditions showed no difference in their attention to the exemplars during familiarization, t(46)
=1.48,p=.14,d = .43.

At test, 2-year-olds in the Fully Supervised condition (M = .59, SD = .15) displayed a significant
preference for the novel category exemplar, t(23) = 3.05, p = .006, d = .62, indicating they had
successfully formed the category. In contrast, 2-year-olds in the Unsupervised condition (M = .49,
SD = .18) looked roughly equally between the objects at test, t(23) = .39, p = .70, d = .08.
Performance differed significantly between these conditions, t(46) = 2.27, p = .028, d = .66 (see
Figure 2). Finally, a cluster-based permutation analysis of the time-course of looking patterns at
test revealed a significant divergence between the two conditions, p = .038, from 3450 ms to
3850 ms (see Figure 3).

Semi-supervised vs. Reversed Semi-supervised environments

Next, we examined whether 2-year-olds could learn categories in semi-supervised environments
by integrating labeled and unlabeled exemplars. We predicted that receiving labeled exemplars
at the beginning of familiarization in a Semi-supervised condition (n = 24, Mage = 27.3, 12 female),
where the labeled exemplars can provide a foundation for learning from the unlabeled
exemplars, would facilitate category learning whereas receiving labeled exemplars at the end of
familiarization in a Reversed Semi-supervised condition (n = 24, Mage = 27.2, 13 female) would
not. That is, receiving labeled exemplars first should enable 2-year-olds to learn more from the
unlabeled exemplars than receiving those labeled exemplars after seeing the unlabeled
exemplars.

Infants in the Semi-supervised condition (n = 24, M = 13.23 s, SD = 3.35) and Reversed Semi-
supervised (n = 24, M = 12.58 s, SD = 2.78) conditions showed similar levels of attention to the
exemplars during familiarization, t(46) = .73, p = .47, d = .21.

At the test, however, infants in the Semi-supervised condition (M = .59, SD = .14), displayed a
significant novelty preference, t(23) = 3.11, p = .005, d = .63, whereas infants in the Reversed
Semi-supervised condition (M = .52, SD = .13) performed at chance levels, t(23) =.76, p = .45, d =
.16. Infants’ preferences were marginally different between the two conditions, t(46) = 1.80, p =
.08, d = .52 (see Figure 2). Moreover, we also conducted a cluster-based permutation analysis of
infants’ looking behavior at the test, revealing that the Semi-supervised condition showed a
stronger novelty preference than the Reversed SSL condition between 3450ms and 3850ms, p =
.047 (see Figure 3). This is exactly the same period of time during which the Fully Supervised
condition diverged from the Unsupervised condition, suggesting infants were just as successful
at learning the category in the Semi-supervised condition as in the Fully Supervised condition.

FIGURE LEGENDS:
Figure 1. Sample task design. The familiarization phase consists of 6 trials, each presenting one

category member paired with either a labeling or a non-labeling phrase. The test phase
simultaneously presents infants with one exemplar from the now-familiar category and one from
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a novel category. Conditions represent the four conditions presented in the representative
results section. This figure has been modified from LaTourrette, A., Waxman, S.R. A little labeling
goes a long way: Semi-supervised learning in infancy. Dev. Sci. e12736 (2018).

Figure 2. Mean preference scores across conditions. Infants in the Fully Supervised and Semi-
supervised conditions displayed novelty preferences significantly above chance, p < .05. Infants
in the Unsupervised and Reversed SSL conditions performed at chance levels. Error bars
represent standard errors of the mean. This figure has been modified from?2.

Figure 3. The Infant’s looking patterns during test. In the Fully Supervised and Unsupervised
conditions (at left) and in the Semi-supervised and Reversed Semi-supervised conditions (at
right), infants’ pattern of looking to the exemplars diverged between 3450ms and 3850ms. The
grey shaded bar in each graph denotes this divergent period. The colored shaded regions around
each condition indicate standard error of the mean. This figure has been modified from?2.

DISCUSSION:

Here, we present a procedure for evaluating the role of labeling in categorization. By presenting
2-year-olds with a realistic mix of labeled and unlabeled exemplars, we demonstrate that very
young children are capable of learning in semi-supervised environments, extending work with
adults and older children?# 2>, Thus, this method offers a resolution to the paradox posed above:
if even a few labeled exemplars can spark category learning, then labels can be both rare and
powerful.

Critical aspects of this paradigm include the use of novel artificial stimuli and short trials, both of
which make the task appropriately challenging and engaging for 2-year-olds. In addition, using
an eye-tracker, rather than hand-coding infant looking behaviors, provides richer and more
precise data on participants’ eye gaze; this richness and precision enables the implementation of
time-course measures such as the cluster-based permutation analysis.

The central advantages of the familiarization-test paradigm are its straightforward assessment of
category learning and its simplicity as a passive looking task. That is, the task directly tests
category learning, rather than relying on more complex measures like naming behavior or
inductive inferences 3 2% 27, Moreover, because familiarization-test tasks can be administered
across a broad developmental range (e.g., from 3 months to 3 years), they offer an opportunity
to identify developmental continuity and change.

Indeed, the familiarization-test paradigm presented here was designed for 2-year-olds, but
similar designs have been widely used with infants in their first year of life* ® 7 %28 For these
younger infants, of course, the task must be simplified: longer exposure to the familiarization
exemplars, more exemplars, simpler categories, and a longer window of looking at test may all
improve the task’s sensitivity for younger infants. More broadly, the familiarization-test
paradigm employed here can be easily extended to evaluate the effect of any auditory signal on
infant cognition, including silence, sine-wave tones, nonhuman primate vocalizations, and other
non-linguistic sounds® 13 2% 30,
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Limitations of this task stem primarily from its use of a single outcome variable: infants’
preference at the test. This makes the task unsuitable for questions about, for instance, how each
familiarization exemplar changes infants’ category learning or the particular features infants use
to learn the category. Time-course analyses, such as the cluster-based permutation analysis, can
substantially enrich the insight offered by this paradigm. However, while these analyses enable
us to draw stronger conclusions about when two conditions differ in performance, they also raise
important questions about what factors drive infants’ attentional patterns throughout the test
phase, a promising area for future work.
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2. Background. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article. In consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JoVE,
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perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
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or any portion of the Article and exercise all of the rights set
forth in (a) above in such transiations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. If the "Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public ali such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.
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statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
shall be deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable

privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JOVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JOVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,

executed Article and Video License Agreements from each

such author. JOVE reserves the right, in its absolute and sole
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full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

Indemnification. The Author agrees to indemnify JoVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
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of work to JoVE, making of videos by JoVE, or publication in
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expense. All indemnifications provided herein shall include
JoVE's attorney’s fees and costs related to said losses or
damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JoVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a US$1,200 fee to
cover pre-production expenses incurred by JoVE. If payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of

JoVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.
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Dear Dr. Bajaj,

Thank you for your constructive revisions of our manuscript, “Defining the role of language in
infants’ object categorization with eye-tracking paradigms.” We are grateful for your guidance
in communicating this work clearly and adapting the manuscript to meet the JoVE style. We
have addressed all of the comments in the revision, and following these suggestions, we have
also attached several new supplementary files. We hope that you will agree that the revised
manuscript conveys the method more thoroughly and with a more cohesive story.

Thank you for your attention. We hope that with these revisions we have produced a
manuscript that will be published at JoVE.
Sincerely,

Alexander LaTourrette & Sandra Waxman

Editorial Comments

1. The editor has formatted the manuscript to match the journal's style. Please retain the same.

We have retained all formatting modifications.

2. Please address all specific comments marked in the manuscript.

We have replied to all specific comments where they are marked in the manuscript.

3. For all the software steps, please include a graphical user interface, button clicks etc if any.
Please provide the coding files as supplementary files.

We have attached the analysis code as a new supplementary file.

4. Once done please ensure that the highlighted section is no more than 2.75 pages including
headings and spacings.

We have highlighted text occupying slightly less than 2.75 pages.

5. The table of Materials should include the name, company, and catalog number of all relevant
materials used in your experiment in separate columns in a .xIs/.xlsx file. Please revise the table
accordingly and list all the equipment, materials, software used for the present study.
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We have attached a revised Table of Materials including the several different software
programs used in our experiment, in addition to information on the eye-tracker.
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basis, or any of the rights granted to you hereunder to any other person.

e The Wiley Materials and all of the intellectual property rights therein shall at all times
remain the exclusive property of John Wiley & Sons Inc, the Wiley Companies, or
their respective licensors, and your interest therein is only that of having possession of
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and the right to reproduce the Wiley Materials pursuant to Section 2 herein during the
continuance of this Agreement. You agree that you own no right, title or interest in or
to the Wiley Materials or any of the intellectual property rights therein. You shall have
no rights hereunder other than the license as provided for above in Section 2. No right,
license or interest to any trademark, trade name, service mark or other branding
("Marks") of WILEY or its licensors is granted hereunder, and you agree that you
shall not assert any such right, license or interest with respect thereto

e NEITHER WILEY NOR ITS LICENSORS MAKES ANY WARRANTY OR
REPRESENTATION OF ANY KIND TO YOU OR ANY THIRD PARTY,
EXPRESS, IMPLIED OR STATUTORY, WITH RESPECT TO THE MATERIALS
OR THE ACCURACY OF ANY INFORMATION CONTAINED IN THE
MATERIALS, INCLUDING, WITHOUT LIMITATION, ANY IMPLIED
WARRANTY OF MERCHANTABILITY, ACCURACY, SATISFACTORY
QUALITY, FITNESS FOR A PARTICULAR PURPOSE, USABILITY,
INTEGRATION OR NON-INFRINGEMENT AND ALL SUCH WARRANTIES
ARE HEREBY EXCLUDED BY WILEY AND ITS LICENSORS AND WAIVED
BY YOU.

e WILEY shall have the right to terminate this Agreement immediately upon breach of
this Agreement by you.

¢ You shall indemnify, defend and hold harmless WILEY, its Licensors and their
respective directors, officers, agents and employees, from and against any actual or
threatened claims, demands, causes of action or proceedings arising from any breach
of this Agreement by you.

e INNO EVENT SHALL WILEY OR ITS LICENSORS BE LIABLE TO YOU OR
ANY OTHER PARTY OR ANY OTHER PERSON OR ENTITY FOR ANY
SPECIAL, CONSEQUENTIAL, INCIDENTAL, INDIRECT, EXEMPLARY OR
PUNITIVE DAMAGES, HOWEVER CAUSED, ARISING OUT OF OR IN
CONNECTION WITH THE DOWNLOADING, PROVISIONING, VIEWING OR
USE OF THE MATERIALS REGARDLESS OF THE FORM OF ACTION,
WHETHER FOR BREACH OF CONTRACT, BREACH OF WARRANTY, TORT,
NEGLIGENCE, INFRINGEMENT OR OTHERWISE (INCLUDING, WITHOUT
LIMITATION, DAMAGES BASED ON LOSS OF PROFITS, DATA, FILES, USE,
BUSINESS OPPORTUNITY OR CLAIMS OF THIRD PARTIES), AND WHETHER
OR NOT THE PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH
DAMAGES. THIS LIMITATION SHALL APPLY NOTWITHSTANDING ANY
FAILURE OF ESSENTIAL PURPOSE OF ANY LIMITED REMEDY PROVIDED
HEREIN.

e Should any provision of this Agreement be held by a court of competent jurisdiction
to be illegal, invalid, or unenforceable, that provision shall be deemed amended to
achieve as nearly as possible the same economic effect as the original provision, and
the legality, validity and enforceability of the remaining provisions of this Agreement
shall not be affected or impaired thereby.

e The failure of either party to enforce any term or condition of this Agreement shall not
constitute a waiver of either party's right to enforce each and every term and condition
of this Agreement. No breach under this agreement shall be deemed waived or
excused by either party unless such waiver or consent is in writing signed by the party
granting such waiver or consent. The waiver by or consent of a party to a breach of
any provision of this Agreement shall not operate or be construed as a waiver of or
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consent to any other or subsequent breach by such other party.

e This Agreement may not be assigned (including by operation of law or otherwise) by
you without WILEY's prior written consent.

e Any fee required for this permission shall be non-refundable after thirty (30) days
from receipt by the CCC.

e These terms and conditions together with CCC's Billing and Payment terms and
conditions (which are incorporated herein) form the entire agreement between you and
WILEY concerning this licensing transaction and (in the absence of fraud) supersedes
all prior agreements and representations of the parties, oral or written. This Agreement
may not be amended except in writing signed by both parties. This Agreement shall be
binding upon and inure to the benefit of the parties' successors, legal representatives,
and authorized assigns.

¢ In the event of any conflict between your obligations established by these terms and
conditions and those established by CCC's Billing and Payment terms and conditions,
these terms and conditions shall prevail.

e WILEY expressly reserves all rights not specifically granted in the combination of (1)
the license details provided by you and accepted in the course of this licensing
transaction, (ii) these terms and conditions and (iii) CCC's Billing and Payment terms
and conditions.

e This Agreement will be void if the Type of Use, Format, Circulation, or Requestor
Type was misrepresented during the licensing process.

e This Agreement shall be governed by and construed in accordance with the laws of
the State of New York, USA, without regards to such state's conflict of law rules. Any
legal action, suit or proceeding arising out of or relating to these Terms and Conditions
or the breach thereof shall be instituted in a court of competent jurisdiction in New
York County in the State of New York in the United States of America and each party
hereby consents and submits to the personal jurisdiction of such court, waives any
objection to venue in such court and consents to service of process by registered or
certified mail, return receipt requested, at the last known address of such party.

WILEY OPEN ACCESS TERMS AND CONDITIONS

Wiley Publishes Open Access Articles in fully Open Access Journals and in Subscription
journals offering Online Open. Although most of the fully Open Access journals publish
open access articles under the terms of the Creative Commons Attribution (CC BY) License
only, the subscription journals and a few of the Open Access Journals offer a choice of
Creative Commons Licenses. The license type is clearly identified on the article.

The Creative Commons Attribution License

The Creative Commons Attribution License (CC-BY) allows users to copy, distribute and
transmit an article, adapt the article and make commercial use of the article. The CC-BY
license permits commercial and non-

Creative Commons Attribution Non-Commercial License

The Creative Commons Attribution Non-Commercial (CC-BY-NC)License permits use,
distribution and reproduction in any medium, provided the original work is properly cited
and is not used for commercial purposes.(see below)

Creative Commons Attribution-Non-Commercial-NoDerivs License
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The Creative Commons Attribution Non-Commercial-NoDerivs License (CC-BY-NC-ND)
permits use, distribution and reproduction in any medium, provided the original work is
properly cited, is not used for commercial purposes and no modifications or adaptations are
made. (see below)

Use by commercial "for-profit" organizations

Use of Wiley Open Access articles for commercial, promotional, or marketing purposes
requires further explicit permission from Wiley and will be subject to a fee.

Further details can be found on Wiley Online Library
http://olabout.wiley.com/WileyCDA/Section/id-410895.html

Other Terms and Conditions:

v1.10 Last updated September 2015

Questions? customercare@copyright.com or +1-855-239-3415 (toll free in the US) or
+1-978-646-2777.
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