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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  NO
Can you record movies/images using your own microscope camera? (Y/N) N/A
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.

2. Does your protocol include software usage?  Y
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
Authors, please answer this question with the steps listed here in the Protocol section below for use by the videographer.

2.1, 3.2, 3.6, 4.5, 4.6

4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.)
Authors, please answer this question with the steps listed here in the Protocol section below for use by the videographer.

Most of the procedure is software-based, so it’s quite reliable. The only variable part of the protocol is calibrating the infants’ eyes for the eye-tracker. We direct infants to look at the screen and then physically move the tracker into position in order to try and capture each infant’s eyes, but admittedly calibration is never perfect.  (4.5 & 4.6)

5. Will the filming need to take place in multiple locations? N
If yes, how far apart are the locations? 


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.


[bookmark: _Hlk534640378]Why is your protocol significant? OR What key questions can this method help answer? 

1.1. Sandra Waxman:

This familiarization-test method reveals how infants form visual object categories, and what kinds of conditions most powerfully support their learning.


What is the main advantage of this technique?

1.2. Alexander LaTourrette:

Using only infants’ eye movements, we can measure how successfully they learn a category. Then, we can directly compare that learning across a huge range of different learning conditions. 






Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.3. Procedures involving human subjects have been approved by the Institutional Review Board (IRB) at Northwestern University.


Section - Protocol
2. Stimuli Creation
2.1. Begin by creating the visual stimuli for the experiment [1]. To create a new continuous category, first design a pair of novel digital images [2]. Then, morph the pair of images together to form a continuum of exemplars between the two original images [3]. 
2.1.1. MED/BROLL: Talent sits at a computer to create stimuli, i.e. opens the software. (also broll of generic computer use (i.e. side view so we can’t see exactly what is on the screen) in case this is needed anywhere below)
2.1.2. SCREEN: Show the images being initially loaded into the program to create the novel images.  
2.1.3. LM: Show the “continuum of exemplars.” Authors: please upload this file to your project link (see first page of this document). Please call the file “continuum of exemplars”. 
2.2. 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].
2.2.1. LM: The “category to be learned” image is shown alongside the “novel category” image. When “category to be learned” is spoken, that image is indicated. When “novel category” is spoken, the novel image is indicated.  (Note: all text in blue done by the JoVE team).  Authors: please upload these 2 image files to your project link. Please use the names in quotes above for the file names. 
2.3. Next, select the familiarization exemplars at evenly spaced intervals from across each learned category’s continuum [1]. Select an appropriate number of exemplars and commensurate with the difficulty of the category and age of the participants [2].
2.3.1. SCREEN: show the familiarization exemplars being selected at evenly spaced intervals. TXT: (e.g. use the 0%, 20%, 40%, 60%, 80%, and 100% exemplars). (Author Comment: We made two versions of this. In version 1, we selected the exemplars in the FinalCut video program, which is how they are selected to make videos with, but the selection process is not especially easy to see. In the second version, we just selected the exemplars in Finder, making it easier to see what was happening.) (Editor: The author indicated that it is our choice on which we use here. Please use whichever looks best and communicates the process more clearly. It may be best to use the first since that is how the authors typically approach this procedure.
2.3.2. MED over the shoulder: Talent at the computer as he/she continues to select exemplars.
2.4. To create the exemplars for the test phase, select the midpoints of the familiar category’s continuum and the novel category’s continuum. Then match the color of the novel exemplar to that of the familiar exemplar using an image manipulation program [2].
2.4.1. LM: The “familiar midpoint exemplar”, then the “novel  midpoint exemplar” appear with the first sentence. Then the “color matched exemplar” appears with second sentence. Authors, please provide the 3 image files with the names in quotes above. Please upload this file to your project link.
2.5. For both the labeling and non-labeling phrases, use previously recorded auditory stimuli produced by a female native English speaker in a soundproof booth [1]. 
2.5.1. SCREEN: The audio software is opened, then an audio file is selected and played.  
3. Eye Tracker & Task Design 
3.1. To collect adequate data for a familiarization-test measure, most widely available eye-trackers will suffice. The objects occupy large portions of the screen, and the data analysis investigates performance over a long window [1].
3.1.1. MED/BROLL: show the eye tracker system that will be used for the experiment. 
3.2. Using the eye-tracker software, 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 [1].
3.2.1. SCREEN: Show the conditions being created in the eye-tracker’s associated software (about 15-20 seconds of this to cover the spoken narration above.) 
3.3. Next, 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 can be shown consecutively [1].
3.3.1. SCREEN: show two pseudo-random orders of the learning exemplars being created.  JoVE video editor: when constraint is spoken, show TXT: continuums of 0-40% or 60-100%.
3.4. Now use video editing software to create familiarization videos that pair the previously created auditory stimuli with the visual stimuli as appropriate for each condition. [1].
3.4.1. SCREEN: The video editing software  is used to create the familiarization videos (an example portion of this to cover narration, can “pretend” to edit existing file). 
3.5. For instance, in the Fully Supervised condition, pair each familiarization exemplar with a labeling phrase. In the Unsupervised condition, pair each familiarization exemplar with a non-labeling phrase [1]. 
3.5.1. SCREEN: show the Fully Supervised condition video, then the Unsupervised condition video (preferably in one screencapture).
3.6. In the Semi-supervised condition, pair only the first two exemplars in each order with labeling phrases but the rest with non-labeling phrases [1]. For the Reversed Semi-supervised condition, pair the final two exemplars with labeling phrases but the first four with non-labeling phrases [2].
3.6.1. LM: Show figure 1: Jove video editor: when “Semi-supervised” is spoken, highlight Semi-supervised in the left column. Then, in the same row: when “the first two exemplars” is spoken highlight “look at the modi!”.  Then, when “non-labeling phrases” is spoken, highlight “look over here!”
3.6.2. LM: Show figure 1: Jove video editor: when Reversed Semi-supervised condition is spoken, highlight “Reversed SSL” Then, when “final two exemplars” is spoken, highlight “look at the modi!”  Then when “the first four” is spoken, highlight “look over here!” 
3.7. Upload these videos into the eye-tracker software, being sure to order the familiarization videos as determined by the pseudo-randomized order [1]. 
3.7.1. MED: Talent uploads the videos into the eye tracker software. 
3.8. Also upload a short attention-grabbing animation displayed in the center of the screen after familiarization to ensure that most infants look at the center of the screen when the test phase begins [1].
3.8.1. SCREEN: Show the attention-grabbing animation. 
3.9. Finally, for each learning category, design two test trials, each featuring two exemplars displayed side-by-side [1]. For both, ensure that one exemplar represents the midpoint of the now-familiar category while the other represents the midpoint of the novel category [2]. 
3.9.1. MED over the shoulder: talent at the computer designing the two test trials. 
3.9.2. SCREEN: show the 2 test trials as they will be seen by the infant: two exemplar midpoints displayed side-by-side. (Author Comment: We made two versions. In version 1, we did as suggested and showed first one test trial, then the other. But in version 2, which might be more helpful, we captured the creation of the second test trial--so showing the first test trial, then making a second test trial with the positions of the exemplars reversed. ) (Editor: Like before, the authors left the choice up to us. They seem to prefer version 2 here though)
3.10. Ensure that test trials last 5 to 20 seconds to accumulate sufficient looking, and counterbalance the trials so that the left- right positioning of the novel exemplar in the test trial is reversed across the videos [1].
3.10.1. SCREEN: Show two test trials being created, with the positions of exemplars reversed.  
3.11. Upload the test trials to the eye-tracker software, positioning them after the post-familiarization attention-getter [1]. Counterbalance these trials’ presentation so each infant has an equal chance of seeing a left-novel or right-novel test trial [2].
3.11.1.  MED: Talent uploads the test trials to the eye-tracker software. 
3.11.2. WIDE: Show the trials playing on the screen that the infant will be looking at in the next section (as if testing the set up prior to the experiment).
4. Study Procedure
4.1. Before the infant arrives, set up the eye-tracker [1]. Randomly assign the infant to a condition and an order, then open the eye-tracker software and select the assigned condition/order pair, and enter the participant number for the recording [2].
4.1.1. MED: Talent begins setting up the eye tracker (i.e. sits to start setting up in the software) 
4.1.2. SCREEN: The eye-tracker software is opened, then the assigned condition/pair is selected, then the participant’s number is entered.  
4.2. After obtaining consent for the study, bring the infant and the caregiver to the eye-tracking room. Ensure this room is moderately lit without any distracting decorations on the walls [1].
4.2.1. WIDE: Talent brings the caregiver and infant into the eye-tracker room, and they walk towards the chair (but don’t sit yet).   (The room is moderately lit without any distracting decorations).
4.3. Seat the caregiver at an appropriate distance for the model of eye-track being used [1]. If the infant does not wish to sit in the caregiver’s lap, they may sit on their own, or they may sit in a car seat [2].  
4.3.1. MED: the caregiver sits down with the infant on their lap.
4.3.2. The caregiver adjusts the infant’s position slightly so they are centered and comfortable (or simply interacts with the infant for a moment while seated).
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 [1]. Then, provide the caregiver with a pair of blacked-out sunglasses to wear so they cannot see the stimuli [2].
4.4.1. MED: Talent speaks to the caregiver providing instructions not to bias infants’ behavior, the caregiver listens and nods in acknowledgement. 
4.4.2. MED: Talent hands the caregiver a pair of blacked-out sunglasses, and they put them on. 
4.5. Now ask the infant to look at the eye-tracker screen; consider displaying an engaging image or video to attract their attention [1]. The screen should be positioned so that the infant’s eyes are within the calibration window [2].
4.5.1. MED: The infant looks at the screen as the engaging video is played. 
4.5.2. MED: Talent checks that the infants eyes are within the calibration window. 
4.6. Next, perform the eye-tracker’s calibration procedure, using a five-point calibration if possible [1]. Infants often respond better when the calibration image is an animation with auditory accompaniment [2].
4.6.1. MED: Talent starts performing the five-point calibration procedure.
4.6.2. SCREEN: Show the infant’s eyes moving on the screen; responding to the calibration image.  
4.7. If the infant passes calibration, then begin the experiment [1]. If not, recalibrate until they are successful. Any infants who cannot be calibrated should be excluded from the study [2].
(Author Comment: We recorded some extra footage of the eyetracking task on the computer (screen capture), in case that would be helpful to show at some point (e.g., as part of step 4.7). I don't know that this is necessary, but our videographer suggested we give the editor the choice!) (Editor: if this footage looks good and can be added here, please do so)
4.7.1. WIDE: Talent begins the experiment (i.e. starts the computer program). 
4.7.2. MED: Show the infant watching the screen during the experiment; hopefully as a happy a and cooperative subject .  




Section – Results
5. Results: Infant Object Categorization
5.1. This figure shows mean preference scores across conditions. Infants in the Fully Supervised and Semi-supervised conditions displayed novelty preferences significantly above chance, while infants in the Unsupervised and Reversed Semi-supervised conditions performed at chance levels. 
5.1.1. LM: Figure 2.  JoVE video editor: The Fully Supervised, Semi-supervised, Unsupervised and Reversed SSL conditions are highlighted when spoken. TXT:  All Figures have been modified from LaTourrette, A., Waxman, S.R. A little labeling goes a long way: Semi-supervised learning in infancy. Dev. Sci. e12736 (2018).
5.2. Here we see the Infant’s looking patterns during testing. In the Fully Supervised and Unsupervised conditions and in the Semi-supervised and Reversed Semi-supervised conditions, infants’ pattern of looking to the exemplars diverged between 3450 and 3850 milliseconds. The colored shaded regions indicate standard error of the mean.
5.2.1. [bookmark: _GoBack]LM: Figure 3. JoVE video editor: The chart on the left is highlighted when Fully Supervised and Unsupervised is spoken. The chart at the right is highlighted when Semi-supervised and Reversed SSL is spoken. Then, when “between 3450 and 3850” is spoken, the vertical grey shaded bar in each graph is highlighted at the same time. 



Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

[bookmark: _Hlk534642084]What is most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section this advice correlates to.
6.1. Alexander LaTourrette: (Step 2.3)
This procedure can be used with infants of various ages and materials that vary in complexity. As a result, each new design must reflect infants’ learning capacities at the intended age. 

Following this procedure, what other methods can be performed? What questions would these additional methods answer?
6.2. Sandra Waxman:
We can go on to ask whether and how infants’ capacity, as measured here, correlates with or even predicts infants’ acquisition of later language milestones, such as vocabulary size or word order. 

After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
6.3. Alexander LaTourrette: 
This technique has allowed developmental scientists to study cognition and perception in infants as young as 2 months. It continues to illuminate the ways that language facilitates infant learning.
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