Submission ID #:  52627
Editor Name: Nadeeka Dias
Videographer name: TBD
Film Date: April 6-17

Authors and Affiliations: Patrick Charland1, Pierre-Majorique Léger2, Sylvain Sénécal3, François Courtemanche2, Julien Mercier4, Yannick Skelling1, Élise Labonté-LeMoyne2.

Department of Didactics, Université du Québec à Montréal, Montréal, Canada1; HEC Montréal, Department of IT and Tech3Lab, Montréal, Canada2; HEC Montréal, Department of Marketing and Tech3Lab, Montréal, Canada3; Department of Specialized Education, Université du Québec à Montréal, Montréal, Canada4


Title: Assessing the multiple dimensions of engagement to characterize learning: a neurophysiological perspective


Corresponding Author: 
Charland, Patrick
charland.patrick@uqam.ca

Co-authors:

Léger, Pierre-Majorique
Pml@hec.ca 

Sénécal, Sylvain
sylvain.senecal@hec.ca 

Courtemanche, François
courtemanche.Francois@hec.ca 

Mercier, Julien
mercier.julien@uqam.ca 

Skelling, Yannick
Skelling.yannick@courrier.uqam.ca 

Labonté-Lemoyne, Elise
elise.labonte-lemoyne@hec.ca 


A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique?  No  
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? Yes 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps using the step numbers listed in this document. 4.2, 4.6, 4.9, 4.15, 5.3, 5.5
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document. No aspect is actually “difficult”
E.  Will the filming need to take place in multiple locations?  No 


1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE): 

Conceptual Narrative:

The overall goal of this procedure is to gather and synchronize data on behavioral, emotional, and cognitive engagement during learning tasks. (Intro)

This is accomplished by first connecting all of the data collection systems through a synchronization device that will send a time marker within the collected data (C1: Begin by showing the “learner” sitting at the computer. Then draw an arrow to the “syncing device” box, with the label “engagement data” above it.) 

The second step is to collect eye-tracking and software interactions data, for behavioral engagement. (C2: Add on to the drawing of C1. Draw the top of the bracket to the box labeled Eye-tracker. Highlight the label “behavioral engagement data”)

Next, EEG data will be gathered for cognitive engagement characterization. (C3: Add on to C2.  Draw a line from the “syncing device” box to the box saying “EEG”. Highlight the label “cognitive engagement data”)

The final step is to collect emotional engagement data, coming from electrodermal activity, or AED (pronounced A-E-D), for arousal measurement, and automatic facial emotion recognition, or AFER (pronounced A-F-E-R), to generate valence data (C4: Add to C3. Draw a bracket from the ‘Syncing Device” box to split into two. Highlight the label “emotional engagement data”).  First show the box for AED, then show the box for AFER)

Ultimately, these indexes, characterizing the 3 dimensions of engagement, will be resynchronized in a synchronization software, according to the time markers initially sent by the syncing device. (C6: Show arrows going to the eye-tracking video feed, cognitive index, arousal index, and valence index computer icons one at a time in a vertical row.  Show the labels next to each computer icon as each icon is shown. Then draw arrows away from each computer to converge as the ‘synchronization software’ computer pops up. Show synchronization)

Note: Schematic overview file, as seen below, still needs to be uploaded by the authors.


[image: ]Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   


B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Patrick Charland: The main advantage of this technique is that it quantifies three dimensions of the learner's engagement during a learning task, as opposed to classical research methods that solely focus on self-assessed engagement instruments after the tasks.     
1.2. Julien Mercier: This method can help answer key questions in the field of education, such as: What are the dynamic interactions between emotion and cognition in complex learning tasks, and what is the impact of different teaching strategies, including collaborative settings, on emotion and cognition?
1.3. Pierre-Majorique Léger: There are implications of this technique in other research fields. For example, this technique is applied in information technology to assess engagement while navigating a website or using a software program. 
1.4. Yannick Skelling: This technique is inspired by recent work in the field of neuro-ergonomics, where vigilance data of long distance drivers was gathered with EEG devices.
1.5. Patrick Charland: Demonstrating the procedure will be Gabrielle Chénier-Leduc, a research assistant at Tech3Lab of HEC-Montreal, and Yannick Skelling and Hugo G. Lapierre, who are research assistants for Neurolab at Université du Québec à Montréal. 
1.5.1. Interview style: Author saying the above 
1.5.2. The named post doc and students look up from workbench or desk and acknowledges the camera. (NOTE : we have Gabrielle on a single shot and Yannick/Hugo on the other one)


Protocol (read by voice talent at JoVE):

2. Equipment and Participant Setup
2.1. Begin by turning on the eye-tracker, EEG (pronounced E-E-G) amplifier, four recording computers, and speakers.
2.1.1. MED: Talent turns on the eye-tracker, EEG amplifier 
2.1.2. [Split shot] MED: four recording computers, and speakers (TEXT: Electroencephalography) [Video editors: When EEG is mentioned, display the text overlay]
2.2. Prepare the EEG solution with the required material according to the manufacturer’s recommended procedures and immerse the EEG net in saline solution for 10 minutes. 
2.2.1. MED: Talent sets up the materials for the EEG and puts the EEG net in a bowl of saline solution (TEXT: Immerse for 10 min)
2.3. Prepare the EEG setup with the required material according to the manufacturer’s recommended procedures.
2.3.1. MED: Talent sets up the materials for the EEG. 
2.4. Then, prepare the EEG and eye-tracking software for the upcoming participant. Then, start the video recording software and the cameras. 
2.4.1. MED (over shoulder): Talent starts the EEG and eye-tracking software. 
2.4.2. MED: Talent starts the video recording software and cameras. 
2.5. Start the synchronization software with the specific subroutine created for the project, which allows for the synchronization markers to be sent every 60 seconds. Then, start the physiological measurement software and open the specific layout created for the project.
2.5.1. MED (over shoulder): Talent starts the synchronization software.
2.5.2. MED: Show the light on the syncing device that blinks every time a trigger is sent.
2.5.3. MED (over shoulder): Talent starts the physiological measurement software, and opens the project-specific layout.
2.6. Next, bring the participant into the EEG room, and find the Cz (pronounced C-z) electrode location on the participants’ head according to the 10-20 reference system.  
2.6.1. WIDE: Talent escorts the participant into the EEG room.
2.6.2. MED: Talent uses a measuring tape to measure the participants’ head, and makes a mark where the Cz electrode will be located.
2.7. Place the EEG net on the participants’ head and ensure each electrode is positioned perpendicular to the head surface. 
2.7.1. MED: Talent places the EEG net on the participants’ head and makes sure it is fitted properly.
2.8. Plug in the net connector, and perform an impedance check with a threshold at 40 kiloOhms.
2.8.1. MED: Talent plugs in the net connector.
2.8.2. MED (over shoulder): Talent performs an impedance check on the computer. 
2.9. Finally, place two physiological sensors on the top of the participants’ left hand. 
2.9.1. MED: Talent places two sensors on the top of the participants’ left hand. 
3. Data Collection 
Move 3.1 after 3.2
3.1. Begin data collection once all recoding software is ready to be started in synchrony.
3.1.1. MED (over shoulder): Talent sitting at a computer begins data collection.
3.2. Perform a nine-point calibration procedure, and observe the participant while they follow the red dots on the screen. Repeat this procedure until sufficient accuracy is achieved according to the manufacturer’s standards.
3.2.1. MED (over shoulder): Talent starts the nine-point calibration procedure on the computer.
3.2.2. MED: Show participant watching the dots on the screen. 
3.3. Instruct the participant to solve 10 Newtonian physics problems on the computer.
3.3.1. MED (over shoulder): Show participant staring at the computer, and a physics problem comes up on the screen.
3.4. Stop data acquisitions on all computers once the task is complete. Remove all sensors from the participant.  
3.4.1. MED (over shoulder):  Talent stops data acquisition on all computers.
3.4.2. MED: Talent removes sensors from the participant. 
4. Pre-processing of EEG, Physiology, and Facial Emotion Data 
4.1. First, import the EEG data into the EEG data analysis software.
4.1.1. MED (over the shoulder): Talent is sitting at the computer, and opens the EEG analysis software (TEXT: EEG Pre-processing)
4.2. Next, click ‘File’, then ‘New Project’, and choose the raw data location by clicking ‘Browse’. Select the newly created raw data folder. Choose the location of two more folders, named History and Export, in the same way. Then, click OK.
4.2.1. SCREEN: Screen capture footage of clicking File, New Project, and Browse. Select the raw data folder. Click Browse and choose the folder named ‘History’.  Click Browse again and choose the folder named ‘Export’. Click ‘OK’.
4.3. Next, click on ‘Transformations’ and ‘IIR’ (pronounced i-i-r) filters to pre-process the brain signal by applying a filter and a notch. In the software window, set cutoff limits at 1.5 and 50 Hz with a slope of 12 dB for each, and enable a notch at a frequency of 60 Hz. 
4.3.1. SCREEN: Screen capture footage of clicking ‘transformations’ then ‘IIR filters’. Enter 1.5 for low cutoff and enter 50 for high cutoff. Then, enter 12 for the slope for the low and high. Click on the pull down menu to set the notch to 60 Hz. (TEXT: Low cutoff: 1.5 Hz; High cutoff: 50 Hz)
4.4. Then, DC (pronounced D-C) detrend the signal by clicking ‘Transformations’ and ‘DC Detrend’. Select the option ‘Based on Time’ at 100 ms before marker and 100 ms before DC connection.
4.4.1. SCREEN: Select “Transformations” and “DC Detrend”. Select the ‘Based on Time” button. Enter 100 for ‘Before marker’ and 100 for ‘Before DC connection’. 
4.5. Perform a raw data inspection by clicking ‘Transformations’ and ‘Raw Data Inspection’. Select ‘semi-automatic inspection’, and choose the parameters for voltage, maximum, minimum, and amplitude seen here.
4.5.1. SCREEN: Select ‘Transformations’ and ‘Raw Data Inspection’. Select the semi-automatic inspection button. Enter 60 for Voltage, 200 µV in 200 ms for Max-Min, and -400 to +400 for the Amplitude.  (TEXT: Voltage: 60 µV/ms; Max-Min: 200 µV in 200 ms interval; Amplitude: -400 to +400 µV)
4.6. Perform an automatic independent component analysis, or ICA, with classic sphering for eye blink removal by clicking ‘Transformations’ and ‘ICA’. Once completed, process the inverse ICA by clicking ‘Transformations’, ‘ICA’, then ‘Inverse ICA’.
4.6.1. MED (over shoulder): Show Talent sitting at the computer with the analysis software open on the computer. 
4.6.2. SCREEN: Click on Transformations and ICA. Select components that represent noise that should be removed. Then Select Transformations, ICA, and Inverse ICA
4.7. Finally, export the signal and markers, by clicking on ‘Export’ and ‘Generic data export’. Select ‘text format’ for an eventual Matlab construction of the engagement index. In addition, select the boxes labeled  ‘Write header file’ and ‘Write marker file’. 
4.7.1. SCREEN: Click Export, Generic Data Export, ‘Text Format (.vhdr’). Then, select the ‘Write header file’ and ‘write marker file’ boxes. 
4.8. Next, import the EEG signal into Matlab. To do this, start the ‘eeglab’ (pronounced e-e-g-l-a-b) script  so the EEGLab (pronounced E-E-G-Lab) GUI (pronounced gooey) appears in Matlab. 
4.8.1. MED (over shoulder): Talent sitting at computer, and opens up Matlab software. Talent types in e-e-g-l-a-b into the command window presses open button, selects eeglab.m script presses run button. [For a strange reason, there was a “path” problem in the computer we used … we had an error message in matlab. The type e-e-g-l-a-b command should normally work, but went around by the open menu.]
4.9. Import the data for one participant at a time by selecting ‘File’, ‘Import Data’, ‘Using EEGLab functions and plugins’, and ‘From Brain Vis Rec.vhdr file’ (pronounced From Brain Vis Rec dot v-h-d-r file).
4.9.1. SCREEN: Select File, Import Data, Using EEGLab functions and plugins, and From Brain Vis Rec.vhdr file.
4.10. Paste a script in the command window that will generate an engagement index. This script will output a text file. 
4.10.1. SCREEN: Open a blank command window. Paste the engagement index script and select ‘Run’. Show the graphical output of the engagement index script. 
4.11. Open the engagement index text file in Microsoft Excel. Apply a z-score normalization to the EEG data to allow inter-subject comparison. 
4.11.1. SCREEN: Open the engagement index text file in Excel. Apply a z-score normalization to the data. (TEXT: Z score = (value – overall mean)/overall standard deviation)
4.12. Once EEG pre-processing is complete, pre-process the physiology data by importing the electrodermal activity, or EDA (pronounced E-D-A) data into the physiological data analysis software. 
4.12.1. SCREEN: Open the physiological data analysis software (TEXT: Physiology Pre-processing)
4.13. Then, compute a z-score normalization on the EDA data by clicking on ‘Transformation’ and ‘Waveform Math’ to allow for inter-subject comparison.
4.13.1. SCREEN: Click on Transformation and Waveform Math. 
4.14. This is done in two steps. First, select the EDA channel for source 1, the minus sign in the mathematical operation window, and K for source 2. Then, select ‘New’ in the destination menu, enter the mean value of the EDA channel, and select ‘Transform entire wave’. Click OK.
4.14.1. SCREEN: Select EDA channel under Source 1, the minus sign (“-“) in the mathematical operation window, and K for source 2.  Then, select “New” in the destination menu, enter the mean value of the EDA channel, and Click “Transform entire wave”. Click OK.
4.15. For the second step, open Transformation/Waveform Math again, and select the EDA-K channel for source 1, the division sign in the mathematical operation window, and K for source 2. Then, select ‘New’ in destination menu, enter the standard deviation value of the EDA channel, and select ‘Transform entire wave’. Finally, click OK.
4.15.1. SCREEN: Select Transformation and Waveform Math. Select the EDA-K channel for source 1, the division sign (“/”) in the mathematical operation window, and K for source 2. Then, select “new” in destination menu, enter the standard deviation value of the EDA channel, and click ‘Transform entire wave’. Click OK.
4.16. For the final pre-processing step, import video data from the media recorder into automatic facial emotion recognition software by clicking on ‘File’, ‘New’, and then ‘Participant’. 
4.16.1. SCREEN: Open facial emotion recognition software. Select File, New, Participant.   (TEXT: Facial Emotion Pre-processing)
4.17. Select a new participant in the project menu, then click ‘File’, ‘New’, ‘Analysis’, and ‘Video’. Click on the magnifying glass next to Analysis 1 and choose the desired video file.  
4.17.1. SCREEN: Select a new participant in the project menu. Click File, New, Analysis, and Video. Click on the magnifying glass and choose the desired video file. 
4.18. Finish by calculating the z-scores of the valence data in SPSS (pronounced S-P-S-S) by clicking on ‘Analyze’, ‘Descriptive Statistics’, and ‘Descriptives’. Select ‘Save standardized values in variables’, and a column with z-scores will appear. 
4.18.1. SCREEN: Open SPSS. Paste valence data into SPSS. Click on Analyze, Descriptive Statistics, and Descriptives. Select “Save standardized values in variables”. Show new column with z-score. 
5. Data integration and synchronization
5.1. Begin, by importing the eye-tracking videos by clicking ‘File’, ‘Import’, and ‘Video in a New Observation’. Name the new observation and choose the desired video file to Import.
5.1.1. SCREEN: Open Behavioral analysis software. Click File, Import, Video in a New Observation. Name the new observation and choose the desired video file. 
5.2. Import all external data by clicking ‘File’, ‘Import’, and ‘External Data’. Include the z-scores of the EEG signal…, z-scores of the EDA signal…, and the z-scores of the valence data. If desired, add event markers for further analysis.
5.2.1. SCREEN: Click File, Import, External Data.  Highlight file name of z-score file of the EEG signal (TEXT1: Cognitive engagement).  Highlight file name of the z-score file of the EDA signal (TEXT2: Emotional engagement). Highlight file name of z-score file of the valence data (TEXT3: Emotional engagement).  [Video editors: show each text overlay when EEG, EDA, and valance are mentioned in VO respectively]
5.2.2. [added] SCREEN: Place the playback cursor at the desired time, click the ‘Insert Event’ button and inter the desired event input. Repeat for each event markers.
5.3. To synchronize timing between computers, open the Offset menu by pressing ‘Control’, ‘Shift’, and the equal sign.  Select ’Numerical offset’ to enter the time in seconds between each pair of data sources. Click Ok. 
5.3.1. MED (over shoulder): Talent is sitting at the computer. 
5.3.2. CU: Talent clicks the “CTRL + SHIFT + = “ on the keyboard. [The emphasis on this action is maybe too precise. The videographer suggested that we use either a MED or a CU]
5.3.3. SCREEN: Select Numerical Offset. Enter the time. Click OK.
5.4. Next, select interesting variables to be generated in the report by clicking ‘Analyze’, ‘Select Data’, and ‘New Data Profile’. Select the desired event to analyze and Click OK. Then, add a connection line between the Start and Nest table as well as between the Nest and Results table. 
5.4.1. SCREEN: Select Analyze, Select Data, New Data Profile. Select the desired event to analyze and Click OK. Then, hold down the left mouse button to add a connection line between (1) the Start and Nest table as well as (2) between the Nest and Results table. 
5.5. Generate the report by clicking ‘Analyze’, ‘Numerical Analysis’, and ‘New’. Click ‘Statistics’, and check the box next to Mean under the external data menu. Then, click Ok. 
5.5.1. SCREEN: Click Analyze, Numerical Analysis, New, and Statistics. Check the ‘Mean’ box. Click OK.
5.6. Click ‘Layout’ and make sure that the External Data are on columns and that the Result Containers appear on Rows. Finish by clicking OK.
5.6.1. SCREEN: Click Layout. Click on a column to highlight it. Click on a row to highlight it. Click OK. 
5.7. Finally, click on the ‘Calculate button’ so the software updates the calculations involved in the report that is being generated.
5.7.1. SCREEN: Click Calculate. 
 
6. Results: Multiple dimensions of engagement assess learning during a problem-solving task
6.1. Many dimensions of engagement data are synchronized in this experiment including behavioral, cognitive, and emotional through the use of multiple computers. 
6.1.1. LAB MEDIA: Figure 1 [Video editor: Highlight eye-tracking when behavioral is mentioned, highlight EEG when cognitive is mentioned, and highlight EDA and Facial emotion when emotional is mentioned in the VO.]
6.2. In order to establish the subjects’ baseline, it is useful to use data from a point in the task where there is a pause. Here, at the end of the pause the EEG cognitive engagement is re-rising slightly in anticipation of the next task, and arousal is still declining. Valence data are missing because the participants’ eyes are closed.
6.2.1. LAB MEDIA: Figure 3 [Video editor:  Crop out the menu bar on the left, and the icons on the top. Highlight the EEG row when mentioned in VO, then highlight the EDA row when ‘arousal’ is mentioned.]
6.3. During the problem-solving task, as the subject reads the third line, you can see their arousal has peaked, emotional valence is neutral, and EEG cognitive engagement is at a maximum.
6.3.1. LAB MEDIA: Figure 2 [Video editor: Crop out the menu bar on the left, and the icons on the top. Show an arrow pointing to the third line of text when ‘reads’ is mentioned in the VO.  Highlight the EDA row when ‘arousal’ is mentioned. Highlight the valence row when mentioned in VO. Finally, highlight the EEG row when mentioned in VO.]

7. Conclusion (said by authors on camera) 
7.1. [bookmark: _GoBack]Élise Labonté-LeMoyne Gabrielle Chénier-Leduc: Once mastered, this technique involves about 30 minutes of subject preparation before the experimentation begins. 
7.2. Pierre-Majorique Léger: After its development, this technique will pave the way for researchers and practitioners in the information technology and videogame industry to monitor real-time behavioral, cognitive, and emotional engagement of its users.
7.3. François Courtemanche: A key step in any triangulation approach for neurophysiological and behavioral analysis is synchronization. The precision of the synchronization procedure should be thoroughly tested before and after the experiment, in order to ensure accurate timing between all systems.
7.4. Patrick Charland:  After watching this video, you should now have a good understanding of how to gather synchronized psychophysiological data in order to better understand the behavioral, cognitive, and emotional dimensions of engagement during a learning task. 

       





Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 
6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.


General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions, as well as an introduction to your videographer, closer to your filming date.
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