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Author Questionnaire
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  No. The protocol does not require microscopy.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage? 
No step-by-step software demonstration is included. However, the SCREEN shots showing real-time IMU signal transmission will be recorded and uploaded according to JoVE's screen-capture guidelines.
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
Authors: Please create screen capture videos for the shots labeled as SCREEN, create a screenshot summary, and upload all the files to your project page as soon as possible: https://review.jove.com/files_upload.php?src=21743193

3. Filming location: Will the filming need to take place in multiple locations?   No. All procedures can be filmed in the same laboratory.

4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. No.


Current Protocol Length
Number of Steps: 11
Number of Shots: 32

Interviews
Videographer: Obtain headshots for all authors available at the filming location. 

Authors: Some statements have been edited for length and clarity. Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Marília Duarte Valim: We develop a reproducible protocol to investigate whether synchronized wrist-sensor data and annotations can reliably train and validate three-step hand-hygiene assessment algorithms.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 


Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Marília Duarte Valim: This protocol combines trained observation with temporal markers to generate reliable step-level labels for future machine-learning models.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

CONCLUSION:
What does this protocol allow researchers to study or measure?
1.3. Marília Duarte Valim: The protocol enables measurement of hand-hygiene step timing, segmentation quality, and correct versus incorrect movement execution using synchronized wrist-sensor data.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 


Describe the most important consideration or challenge when performing this protocol.
1.4. Marília Duarte Valim: Accurate synchronization between observer classifications, wrist-sensor signals, and temporal markers is essential for producing a reliable annotated dataset.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 


How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.5. Marília Duarte Valim: Future studies should validate real-time, step-specific feedback across diverse healthcare professionals and clinical settings, assessing accuracy, usability, acceptance, and infection-prevention impact.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 



Videographer: Obtain headshots for all authors available at the filming location.

Ethics Title Card

This research has been approved by the Institutional Research Ethics Committee of the University Hospital

Protocol  
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. Participant Preparation and Acquisition Overview
Demonstrator: Marília Duarte Valim 

2.1. Begin after confirming that both inertial measurement units are connected and transmitting data [1]. Seat the participant facing the prepared bench and place both forearms on the work surface [2]. Secure the wrist-worn IMU (i-m-u) to the participant's preferred wrist [3] and position a visible timer within the participant's line of sight [4]. Conduct every acquisition session under consistent artificial lighting and temperature-controlled conditions [5].
2.1.1. WIDE: Talent checking the connections between the inertial units to maintain data transmission.
2.1.2. Talent placing the seated participants’ forearms onto the work surface.
2.1.3. Talent securing the IMU on the participant’s preferred wrist.
2.1.4. Talent positioning a timer in the participants’ line of sight.
2.1.5. Talent checking the lighting conditions and room temperature before starting the session.

3. First Phase: Verbal Instruction

3.1. Verbally describe each movement in the three-step hand hygiene technique [1]. Instruct the participant to monitor the visible timer [2] and perform each step for at least 5 seconds, so that the complete technique lasts at least 15 seconds [3].
3.1.1. WIDE: Talent verbally explaining the three-step hand hygiene technique to the seated participants.
3.1.2. Talent instructing the participants to monitor the time by pointing to the visible timer.
3.1.3. Talent informing the participants to perform each step for at least 5 seconds.

3.2. Have the participants perform 10 repetitions, allowing a rest interval between each complete repetition of the technique [1]. Immediately after each hand hygiene step, tap the temporal-marker IMU once [2] and record the step as correct or incorrect [3]. 
3.2.1. WIDE: Talent monitoring the participants while they perform the repeated hand hygiene techniques with rest intervals.
3.2.2. CU: The trained observer tapping the temporal-marker IMU once immediately after each hand hygiene step.
3.2.3. Talent recording the step classification in the spreadsheet after each step.

3.3. Throughout the recording, monitor the real-time signal display to ensure both IMUs continuously transmit data; if packet loss, sensor disconnection, or poor signal quality occurs, stop the recording, restore the connection, and repeat the acquisition [1].
3.3.1. SCREEN: Real-time signals from both IMUs being monitored in the smartphone application.

4. Second Phase: Correct-Technique Demonstration
4.1. Demonstrate the correct three-step hand hygiene technique slowly and in full view of the participant, emphasizing critical contact points and common errors [1]. Repeat any movement as needed until the participant indicates understanding [2]. Restate the requirement to perform each step for at least 5 seconds, and have the participant complete 10 repetitions following the demonstration [3]. 
4.1.1. WIDE: Talent slowly demonstrating the correct three-step technique while emphasizing the critical contact points.
4.1.2. WIDE: Talent slowly repeating certain movements to ensure participants understand the instructions completely.
4.1.3. Talent instructing participants to perform each step for at least 5 seconds.

4.2. Evaluate every hand hygiene step, record it as correct or incorrect [1], and generate a temporal marker after each step [2]. Continue monitoring signal transmission throughout the session, interrupt the recording and repeat the acquisition once normal transmission is restored [3]. 
4.2.1. Talent recording the step classification in their spreadsheet.
4.2.2. CU: Talent tapping the temporal-marker IMU after each step.
4.2.3. SCREEN: Real-time signal transmission being monitored during the second acquisition phase.

5. Third Phase: Predefined Error Patterns

5.1. Before recording the third phase, demonstrate the error patterns before assigning them to the participant [1]. For Error Pattern 1, cover only the palms in Step 1; rub the fingertips while excluding the thumbs in Step 2; and move the thumbs back and forth without rotational rubbing in Step 3 [2]. For Error Pattern 2, omit the dorsum of the left hand in Step 1; rub only the index, middle, and ring fingertips in Step 2; and use only partial rotational rubbing of the thumbs in Step 3 [3]. 
5.1.1. WIDE: Talent getting ready to demonstrate the different error patterns.
5.1.2. WIDE: Talent demonstrating Error Pattern 1, including the incorrect movement used in each step.
5.1.3. WIDE: Talent demonstrating Error Pattern 2, including the incorrect movement used in each step.

5.2. For Error Pattern 3, omit the dorsum of the right hand in Step 1; rub only the right-hand fingertips in Step 2; and rotate only the right thumb in Step 3 [1]. For Error Pattern 4, cover only the palms in Step 1; use a reversed or otherwise incorrect fingertip movement in Step 2; and rotate only the left thumb in Step 3 [2].
5.2.1. WIDE: Talent demonstrating Error Pattern 3, including the incorrect movement used in each step.
5.2.2. WIDE: Talent demonstrating Error Pattern 4, including the incorrect movement used in each step.


5.3. After demonstrating the error patterns, assign the Patterns 1 through 4 sequentially to successive participants and repeat the sequence after every fourth participant [1-TXT].
5.3.1. WIDE: Talent assigning error patterns to the participants. TXT: Participant Allocation Pattern: 1, 2, 3, 4; then Repeat. 

5.4. Instruct the participants to perform each step for at least 5 seconds and complete 10 repetitions [1]. Evaluate and record every step [2], generate a temporal marker after each step [3]. Monitor signal transmission throughout the acquisition; if signal quality is compromised, restore normal transmission and repeat the acquisition [4]. 
5.4.1. WIDE: Talent instructing the participants to perform 10 repetitions of the assigned error pattern.
5.4.2. Talent recording step classification in the spreadsheet after evaluation.
5.4.3. CU: Talent tapping the temporal-marker IMU after each step.
5.4.4. SCREEN: Real-time signal transmission being monitored during the third acquisition phase.


6. Completion of the Acquisition Session

6.1. At the end of data collection, gently remove the wrist-worn IMU from the participant's wrist [1]. Have the participant wipe away excess alcohol-based hand rub [2]. Clean the work surface and discard the used paper towels [3]. Offer moisturizing cream if requested and thank the participant for contributing to the study [4].
6.1.1. CU: The trained observer gently removing the wrist-worn IMU from the participant's wrist
6.1.2. Talent handing out paper towels to participants to wipe away excess hand rub.
6.1.3. Talent cleaning the work surface after discarding used paper towels.
6.1.4. WIDE: Talent thanking the participants for taking part in the study.
6.1.5. 

Results
7. Results 

7.1. Across the consecutive hand-hygiene executions, the wrist-worn IMU trace showed repeated bursts of movement corresponding to the individual hygiene steps [1]. The temporal-marker trace produced distinct tap-induced peaks at each transition [2]. The detected-peak markers aligned with these events and provided boundaries for dividing the wrist signal into successive steps [3]. The repeated sequence of step labels across the left, middle, and right sections of the graph demonstrates the segmentation of complete hand-hygiene executions [4].
7.1.1. LAB MEDIA: Figure 3 Video Editor : Please highlight the blue waveform extending across the entire graph by placing a box around it.
7.1.2. LAB MEDIA: Figure 3 Video Editor : Please highlight the temporal-marker signal by tracing the orange line from left to right, briefly glowing at each tall orange spike.
7.1.3. LAB MEDIA: Figure 3 Video Editor : Please pulse-highlight the red circles along the horizontal centerline, moving sequentially from the left to the right side of the graph.
7.1.4. LAB MEDIA: Figure 3 Video Editor : Please place separate boxes around the left, middle, and right blue waveform groups labeled 1,2 and 3, to highlight the repeated hand-hygiene executions.
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