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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? No.
Can you record movies/images using your own microscope camera? No.
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? Yes.
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.
We are working on this as we speak. Authors: When you collect and upload the screen recordings, please indicate where they belong in the script. Keep in mind that the voice over text should match the video. 
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.)
Steps 2.3; 2.4; 2.6; 3.4; 3.5; 3.7 

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.)
Step 2.2; 4.3

5. Will the filming need to take place in multiple locations? (Y/N) No. 
If yes, how far apart are the locations? 


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

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


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

1.1. Dr. Idalis Villanueva: The protocol allows researchers in social sciences, psychology, education, engineering, and other disciplines interested in using biometrics and multiple techniques to understand examination and similar classroom experiences. 

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.2. Dr. Tarique Khan: The main advantage of this technique is that it aims to find the potential sources of noise due to motion artifacts in the data. Also, the protocol is simple to implement and minimizes the use of expensive software.

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


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


1.3. Darcie Christensen: While diagnosing a disease is not our intended goal, the technologies used through our electrodermal sensors and salivary biomarkers have the potential to detect physiological and biological abnormalities in a participant.

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.4. Darcie Christensen: This method can provide insight into educational psychology research exploring motivational and emotional constructs in the classroom. It could also be used in marketing, business, design, and other research areas that involve an individuals’ cognitive and emotional processes.

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.5. Dr. Idalis Villanueva: The main struggle an individual will have with this method is to time sync the events they aim to study while accounting for the limitations of existing physiological and biological techniques. 

1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.6. Dr. Tarique Khan: It is important to understand the process of electrodermal activity, especially the working process of electrodermal sensors, as the existing open-source filtering techniques are limited. 

1.6.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.7. Darcie Christensen: Given that this technique is aimed for quasi-experimental designs using multiple techniques and disciplinary expertise, a visual demonstration of this methods is essential to allow researchers to witness the parallel and coordinated steps needed to successfully execute this method.

1.7.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.



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

1.8. Procedures involving human subjects have been approved by the Institutional Review Board (IRB) at Utah State University.


Section - Protocol
2. Experimental Design 
2.1. Begin by setting up a workspace with minimal distractions [1]. An unintentionally activated startle response can create a significant spike in electrodermal activity, or EDA [2]. 
2.1.1. WIDE: Establishing shot of talent setting up the work space. 
2.1.2. SCREEN: Spike in EDA. Videographer: Film the screen for this step. 
2.2. Ensure that the presentation of the survey question is synchronized to the electrodermal sensor. Use the internal clock of the computer to establish a data collection timeframe, and, if using any Bluetooth-enabled electrodermal sensors, synch times in Greenwich Meridian Time [1]. Videographer: This step is difficult!
2.2.1. Talent setting up the electrodermal sensor data collection on the computer.

2.3. Dr. Idalis Villanueva: It is critical that all instruments including surveys, exam protocol, electrodermal sensors, and web cameras are synced to the same time so there is no shift in recording times for each data source.

2.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
2.4. If needed, set up web cameras to measure the participant’s face at different angles. Refer to the Manuscript for recommendations on camera positioning [1]. Videographer: This step is important!
2.4.1. Talent positioning web cameras 
2.5. For electrodermal sensor readings, designate a period of time during which participants are in a relaxed state to establish baseline EDA data. Instruct participants to stare at the testing shield for 5 to 15 minutes at the beginning of the exam [1] or program this cue into the computer [2]. Videographer: This step is important!
2.5.1. Participant staring at testing shield.
2.5.2. Cue popping up on the laptop computer.
2.6. To collect saliva samples, prepare a cooler with dry ice that has an internal temperature of -20 C. This will prevent room-temperature degradation of enzymes for the cortisol samples [1]. 
2.6.1. [bookmark: _GoBack]Cooler with dry ice. Videographer NOTE: Sorry didn’t have dry ice.
2.7. If using the swab collection method, instruct participants to keep the swab either in the inner cheek or under the tongue for 60 seconds [1]. Develop a flagging system that will allow participants to notify the researcher when the salivary sample is ready to be collected [2]. Videographer: This step is important!
2.7.1. Participant with swab in their mouth.
2.7.2. Participant flagging down researcher to collect the salivary sample.

3. Experimental Setup 
3.1. In preparation for the experiment, pre-schedule participants to an examination session, asses any medical information and dietary habits, note hand dominance for EDA collection, and remind participants to avoid consumption of sugary or caffeinated products on the day of the experiment [1]. 
3.1.1. Talent obtaining required information from participant and reminding participant to avoid sugar and caffeine.

3.2. Prior to participant arrival, make sure that the sensors are properly calibrated [1], software updates have been taken care of [2], and the sensors have been wiped with 70% alcohol wipes [3]. 

3.2.1. Talent calibrating sensors or verifying that they are calibrated.
3.2.2. Talent at the computer making sure that software is updated. 
3.2.3. Talent wiping sensors with alcohol wipes. 
3.3. Fit the EDA sensor on participant’s non-dominant wrist by placing the sensor with the button facing down towards the thumb [1]. Have the participant draw an imaginary line from the space between the 2nd and 3rd finger to their mid-wrist area and place the sensor electrodes there [2]. Ask participants to adjust the sensor straps [3].
3.3.1. Talent properly placing the sensor on participant’s wrist.
3.3.2. Participant drawing an imaginary line and talent placing the sensors. 
3.3.3. Participant adjusting straps.
3.4. When starting the sensor, follow manufacturer’s protocols to ensure that they are set up to collect data. For the devices used in this protocol, depress the sensor button for 3 seconds [1]. A green light will blink intermittently, followed by a red blinking light and then fade out [2]. Videographer: This step is important!
3.4.1. Talent demonstrating the device and pressing the sensor button for 3 seconds. 
3.4.2. The green light blinking, then the red light blinking and fade out.

3.5. During fade-out, press the button once for 1 second and if it blinks red it is recording data [1]. To turn the sensor off, press the button for 3 seconds. The green light at the bottom of the wristband will fade [2]. Retrieve data from the sensor by connecting it to the computer and uploading it in the managing software system [3]. Videographer: This step is important!

3.5.1. Talent pressing button and light blinking red. 
3.5.2. Talent pressing button for 3 seconds and green light fading.
3.5.3. Talent connecting sensor to the computer and uploading data.

3.6. If collecting salivary samples, pour 1 ounce of water for participants upon arrival to the experimental room and ask them to swish and swallow it [1]. During examination, use time prompts to cue participants when it is time to collect saliva. Allow 60 seconds for sample collection and return them to the examination [2]. 

3.6.1. Talent handing participant water and participant swishing and swallowing it. 
3.6.2. Participant begins to collect sample after being cued. 

3.7. When collecting salivary samples, wear fresh nitrile gloves to minimize any dust particulate or contaminant from hand oils to be transferred to the sample vial [1]. Immediately transfer the samples to the prepared cooler with an internal temperature of -20 C [2]. Videographer: This step is important!

3.7.1. Talent collecting salivary samples.
3.7.2. Talent placing sample into cooler. 

4. Optimization of Ecological Validity

4.1. To provide an authentic testing experience, consult with the course instructor to align the exam content with course content and select an evaluation of the course content that can be replicated in an experimental setting [1]. Also ensure that the testing environment parallels the experimental setup [2]. 

4.1.1. Talent consulting with course expert or instructor. 
4.1.2. Testing environment. 

4.2. Accommodate for interruptions in test taking by allotting additional test taking time [1] and designing the examination program to return students to a particular exam problem if a survey prompt interrupted them. Make sure that interruption time is consistent across participants [2].

4.2.1. Participant interrupted from the test. Videographer NOTE: Survey popping up and participant answers the question, then navigates back
4.2.2. Student returning to exam. Videographer NOTE: Student’s face while working 

4.3. Include calibration and relaxation periods throughout the exam experience by starting with a simple question [1] and allowing participants 30 seconds to rest in between each exam question [2]. Finally, ensure that the time-stamping program accounts for any changes in the examination to allow for data source matching [3]. Videographer: This step is difficult!

4.3.1. Simple question on exam worksheet. 
4.3.2. Participant resting between test questions. 
4.3.3. Student at workspace
4.4. Dr. Idalis Villanueva: It is important that calibration and relaxation periods are accounted for in the protocol regarding electrodermal sensors and salivary biomarkers as baseline values are needed to determine signal noise or outlier data.

4.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.




Section – Results
5. Results: Real-time Response to Exam Difficulty 
5.1. Two experimental designs were tested: design A with EDA sensors and surveys [1] and design B with added salivary biomarkers [2]. Although exam difficulty was the same, opposing differences in the mean EDA values were found between the correct and incorrect responses across different self-efficacy scores [3].
5.1.1. Figure 4. Video Editor: Emphasize the top 2 graphs (A and B).
5.1.2. Figure 4. Video Editor: Emphasize the bottom 2 graphs (C and D).
5.1.3. Figure 4 B and D. Video Editor: Emphasize the bars with Self-Efficacy 5 on B and the bars with Self-Efficacy 2, 5, 8, 9, and 10 on D.
5.2. For experimental design B, the mean EDA as well as cortisol and Salivary alpha-amylase, or sAA (pronounce ‘S-A-A’) were measured at the beginning, middle, end, and 20-minutes after the exam. The EDA levels decreased from beginning to end of the exam but recovered 20 minutes after, a trend that was paralleled by both cortisol and sAA [1]. 
5.2.1. Figure 5. 
5.3. Statistical significance was found between EDA and sAA at the beginning and middle of the exam [1] whereas EDA and cortisol showed significance between the middle and end of the exam [2]. By the 20-minute mark, EDA and sAA [3] as well as cortisol and sAA showed significance between each other [4].
5.3.1. Figure 5. Video Editor: Emphasize the Normalized EDA and sAA bars for beginning and middle of exam.
5.3.2. Figure 5. Video Editor: Emphasize the Normalized EDA and cortisol bars for middle and end of exam.
5.3.3. Figure 5. Video Editor: Emphasize the Normalized EDA and sAA bars for 20 minutes after end of exam.
5.3.4. Figure 5. Video Editor: Emphasize the Normalized sAA and cortisol bars for 20 minutes after end of exam.






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

6.1. Dr. Idalis Villanueva: It is important to ensure that synchronization of instruments and protocols is automated and checked for errors before the start of the experiment.

6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
6.2. Dr. Tarique Khan: This procedure allows for the integration of other biometrics such as eye trackers, electromyographs as well as other forms of surveys that include open-ended questions and video prompts, among others.

6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
6.3. Dr. Idalis Villanueva: This technique can be used by researchers to explore the connections between cognition, affect, physiology, and performance.

6.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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