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SUMMARY:
This protocol describes a laboratory-based multimodal method for measuring emotional responses to film clips in young adults, healthy older adults, and older adults with dementia.

ABSTRACT:
Dementia affects millions worldwide and challenges emotional and social functioning. However, emotional experiences in dementia remain poorly understood. To help better understand this complex phenomenon, the component process model (CPM) was used, which views emotion as a changing process involving appraisal, expression, physiology, motivation, and feeling. It demands a multimodal approach to measure its components. A protocol was developed that combines physiological, facial, vocal, linguistic, and self-report measures, and its feasibility was assessed. The protocol was piloted using iMotions on two older adults with caregiving experience and one with expertise in neuropsychology. Adjustments to instructions, mock tests to familiarize participants with the tasks, and session duration were implemented for a subsequent sample of healthy participants (3 young and 4 older adults) and for 1 older adult diagnosed with dementia due to probable Alzheimer’s disease. Participants were screened for impairments in hearing, vision, cognition, and language, as well as psychological distress. The final tasks required watching validated film clips to elicit joy, anger, and sadness. Recorded data according to the CPM included facial movements and voice (expression), electrodermal activity and heart rate (physiology), discourse content, and CoreGRID questionnaire (appraisal; feeling; motivation). Protocol feasibility was assessed by documenting the number of completed tasks, collecting participant feedback via the post-study system usability questionnaire with comments, and extracting data quality metrics from iMotions for facial expressions and galvanic skin response (percentage of usable data; signal-to-noise ratio). All participants completed the tasks and reported positive feedback on the usability questionnaire. Automated facial expression data were analyzable for all participants, and galvanic skin response recordings were obtained for all participants, with 10 of 11 recordings meeting the predefined signal-to-noise criterion. This protocol was feasible to administer in the tested sample. Further evaluation in larger and more diverse dementia samples is needed.

INTRODUCTION: 
Emotion is central to human behavior, social communication, and well-being, but it remains difficult to define because it involves multiple interacting systems of response. Emotion can be understood as a relatively brief, event-related response involving changes in the body, mind, and behavior, and can be expressed through facial, vocal, verbal, physiological, and subjective channels1–3. Therefore, emotion should not be treated as a single internal state. Instead, it is better understood as a dynamic process that unfolds across multiple response systems, including how a person evaluates an event, prepares to act, reacts physiologically, expresses themselves, and consciously experiences a feeling4. This makes emotion difficult to assess using a single measure. Studies that rely on a single indicator, such as self-report, facial expression, or physiological arousal, may capture only one part of an emotional episode5–9. This limitation is particularly important when studying aging and dementia, where verbal report, facial expressivity, physiological regulation, language, or cognitive appraisal may differ across individuals10–12.

The component process model (CPM)13 provides a useful theoretical framework for addressing this challenge. In this model, an emotion episode involves coordinated changes across five components: appraisal, expression, physiology, motivation, and feeling4,14,15. Appraisal refers to how the person evaluates the meaning and relevance of the event. Physiology includes autonomic and bodily changes. Motivation refers to action tendencies, such as approach, avoidance, or withdrawal. Expression includes facial, vocal, and bodily manifestations. Feeling refers to the consciously experienced emotional state. A key advantage of this model is that it supports a componential and multimodal approach in which different signals provide complementary information about the same emotional episode16.

Therefore, a method based on the CPM is best supported by multimodal measurement. Facial expression and voice analysis can be used to assess expressive components of emotion. Galvanic skin response (GSR) and heart rate can be used to assess physiological arousal. Self-report questionnaires can capture participants’ subjective ratings across componential features of emotional experience, including appraisal, bodily reactions, expressions, action tendencies, and feelings15,17. Spoken descriptions of emotional stimuli can also add information that is not captured by facial, physiological, or questionnaire measures alone. Linguistic and sentiment analyses can quantify emotional tone, positive and negative emotion words, and other psychologically meaningful language categories18. In addition, the content of speech can be examined indirectly for appraisal-related or evaluative language, such as descriptions of what is happening, what the scene means, and how the person interprets the emotional situation19. The combination of facial, physiological, vocal, linguistic, and self-report measures allows researchers to move closer to a componential assessment of emotion.

A second methodological challenge for studies seeking to characterize the typical emotional responses of specific population groups lies in the selection of appropriate emotional stimuli. Stimuli should be validated for the intended emotional categories and standardized in order to support reproducibility. Ideally, they should also be brief enough so as not to induce fatigue, and suitable for presentation to participants with different sensory, cognitive, and language abilities. Meta-analytic evidence suggests that film stimuli are among the most effective methods for evoking both positive and negative emotional states20. However, film clips must be selected carefully because they vary in duration, sensory complexity, narrative content, familiarity, and emotional intensity. Film databases have been validated to reliably elicit target emotional states such as joy, sadness, anger, and neutrality16,21,22. Neutral clips provide a baseline against which emotional responses to target clips can be interpreted20. Some databases were developed for discrete and componential emotion assessment, which helps align stimulus selection with the theoretical framework, i.e., CPM, of the study16,21.

Multimodal emotion assessment is particularly relevant for aging and dementia research. Dementia is an umbrella term used to describe conditions involving gradual cognitive decline and impairment in social functioning. These conditions can affect memory, language, attention, executive function, visuospatial ability, everyday activities, and social interactions23,24. Supporting emotional well-being is an important priority in dementia care, which includes maintaining a sense of dignity for persons with dementia25. However, assessing emotional responses in people with dementia can be challenging because cognitive and language changes may affect self-report, while each measurement method captures only one part of the emotional response26. Aging itself may influence emotional experience and response. Older adults often report relatively preserved or even improved emotional well-being in daily life27, but laboratory studies show that subjective and physiological responses to emotional stimuli can differ by age and may not always change in the same direction28,29. These age-related differences highlight the need to interpret emotional responses in dementia while also considering normal aging.

Despite this need, applying a comprehensive multimodal protocol with older adults and people with dementia is challenging. Participants may experience reduced tolerance for long testing sessions, fatigue, or difficulty understanding task instructions due to sensory limitations, language, or more general cognitive difficulties. Biometric measures also pose practical challenges, including facial-tracking failures, movement artifacts in electrodermal activity, poor audio quality, and missing questionnaire responses. These challenges make feasibility testing essential before applying a multimodal protocol in larger samples. A protocol designed for this population should include short and structured tasks, scheduled pauses to reduce the possibility of fatigue, clear task instructions to support comprehension, as well as screening for vision and hearing to address sensory limitations, screening for language and cognition to identify communication and cognitive difficulties, and screening for psychological distress to support participant safety. Biometric feasibility should include predefined data quality rules and controlled room conditions.

The goal of the present method article is to describe a laboratory-based protocol for assessing emotional responses in healthy young adults (HYA), healthy older adults (HOA), and older adults with dementia (OAWD) using synchronized multimodal measurement. Film clips that have been validated to elicit specific emotional responses16,21,22 were presented to participants, and their emotional responses were assessed using a multimodal approach. The iMotions Lab 11 platform was used to present the stimuli and synchronize the collection of different types of data. In the first phase, participants passively watched the film clips while data on facial expressions, skin conductance response, and heart rate were collected. Before and after each clip, participants were asked to read three standardized sentences aloud, allowing emotional data to be collected from their vocal signals. After each emotional film clip, they answered a selection of items from the CoreGRID questionnaire, a self-reporting instrument for the componential assessment of emotions16,17. In the second phase, participants re-watched the film clips and described what they saw, what they thought was happening, and how the scene made them feel. Their spoken descriptions were collected for subsequent linguistic, sentiment, and appraisal-related analyses. This protocol is intended for researchers who wish to examine emotional experience across multiple components while maintaining a feasible procedure in older adults and individuals with non-severe dementia who meet the specified screening criteria. It is most appropriate for controlled laboratory settings in which synchronized facial, vocal, physiological, linguistic, and self-report data can be collected.

PROTOCOL:
The study protocol (collection, storage, access, retention, and uses of identifiable facial and voice recordings) was approved by the University of Ottawa Research Ethics Board under Ethics File Number H-05-25-11608. After an initial pilot test, adjustments were made to the task instructions, the inclusion of a short mock test to familiarize participants with the procedure, and the overall session duration. Refer to the Table of Materials for the software, sensors, recording equipment, and screening instruments used in this protocol.

1. Recruit and classify participants

1.1. Allocate two visits on separate days for each participant. Ensure that a caregiver is present for participants with dementia to assist as needed. Schedule each participant for Visit 1, i.e., screening.

1.2. Send one confirmation email with the visit details and consent form only for review.

1.3. Send a reminder email the day before the visit and ask participants to bring their glasses or hearing aids if used, and invite them to contact the researcher with any last-minute questions.

2. Visit 1: Screen participants for eligibility

2.1. Review the consent form with the participant. Obtain written consent before beginning the screening session. 

2.2. For participants with dementia, allow additional time to review the consent information and confirm that the participant understands the study procedures, the voluntary nature of participation, and the right to withdraw before obtaining written consent. Have the caregiver assist with clarification when needed.

2.3. Collect demographic information using the approved demographic questionnaire.

2.4. Conduct binocular visual acuity screening using the Freiburg Visual Acuity Test (FrACT; version 10.3.5) with Sloan Letters and Tumbling E optotypes30 while participants wear their usual corrective lenses or bifocals.

2.5. Exclude participants when the FrACT result indicates visual acuity worse than 20/70 on the Snellen chart with either of the two tests31.

2.6. Conduct the hearing screening at 40 dB using 500, 1000, 2000, and 4000 Hz signals32 for both ears and use speaker-based audiology testing equipment while participants wear their hearing aids during screening.

2.7. Include participants when they detect at least 2 out of 4 frequency tones presented at 40 dB.

2.8. Administer the Montreal Cognitive Assessment (MoCA)33. Include healthy participants when the MoCA score is ≥ 23 (consistent with healthy control for this protocol)34.

2.9. Include participants with dementia when the MoCA score is ≥ 9 (consistent with non-severe-stage dementia for this protocol)35.

2.10. Administer the Dementia Severity Rating Scale (DSRS)36 and the functional assessment questionnaire (FAQ)37 with the caregivers. Include only participants when the DSRS score is ≤ 36 (more than 36 is considered severe)36 and the FAQ score is ≥ 6 (consistent with dementia-level functional impairment)38.

2.11.  For language assessment, administer the Quick Aphasia Battery (QAB) to all participants and include them when the QAB score is ≥ 7.5 (considered as mild or no aphasia)39.

2.12. Administer the Kessler Psychological Distress Scale (K10)40 to all participants and exclude participants when the K10 score is ≥ 29 (considered as high distress)41.

2.13. Exclude participants with a current clinically diagnosed psychiatric disorder that may interfere with emotional response or study participation, including major depressive disorder, generalized anxiety disorder, bipolar disorder, or other active mood or anxiety disorders.

NOTE: Participants provided separate consent regarding public presentation of their video recordings by selecting one of three options: (1) the video recording may not be used in public presentations; (2) the video recording may be used only with the participant’s face blurred; or (3) the video recording may be used without facial blurring. This choice did not alter the secure storage and restricted access procedures.

3. Prepare the laboratory environment and participant for Visit 2

3.1. Use two quiet laboratory rooms such that one has access to the other via a window. Maintain room temperature between 21 and 24 °C.

3.2. Maintain room humidity between 30% and 60%. Maintain room lighting at approximately 100 lux at face level using diffuse lighting.

3.3. Measure light using a digital light meter. Place the participant-facing monitor directly in front of the participant.

3.4. Use a 27-inch monitor as the primary stimulus-presentation display. Set the monitor to 2560 × 1440 pixels at approximately 60 Hz and brightness to 40%.

3.5. Use a second monitor for the researcher to view the sensor and recording interface during data collection. Do not use the second monitor to present visual stimuli to the participant.

3.6. Send two reminder emails to the participant after Visit 1 and before Visit 2: one confirmation email immediately after Visit 1, and one reminder email approximately a day before Visit 2.

3.7. Ask participants to bring their glasses and/or hearing aids if used; ensure earrings, rings, or bracelets are removable; avoid hand lotion, oil, or cream before the session; avoid coffee for approximately 2 h before the session; and avoid alcohol for approximately 12 h before the session. Inform participants that they may eat, drink water, and take their usual medications as normal.

NOTE: When feasible, schedule Visit 2 between 10:00 AM and 12:00 PM and use a consistent time window across participants to minimize variability associated with circadian factors and caffeine withdrawal. If direct verbal communication between rooms is unavailable, use a separate two-way communication device only for communication. Do not use this device to present study stimuli or collect study data. 

4. Prepare the software and stimulus sequence

4.1. Open the multimodal data-acquisition platform (iMotions). Create two study flows within a study file in the multimodal data-acquisition platform.

4.2. Name the first study flow as “Study Flow 1” for passive viewing (see Supplementary File 1). Name the second study flow as “Study Flow 2” for active engagement (see  Supplementary File 2).

4.3. In Study Flow 1 (passive viewing), create one welcome page followed by 8 stimulus blocks, as detailed in the Supplementary File 1.

4.3.1. Use the following block order in Study Flow 1: Neutral(1), Joy(a), Neutral(2), Sad, Neutral(3), Joy(b), Neutral(4), Anger. Use the film clips in the order and emotion categories listed in Supplementary Table 1.

4.3.2. Configure the welcome page to instruct participants that they are about to watch 8 short video excerpts, each lasting 1 to 3 min. It states that some clips may not have sound.

4.3.3. Create four Neutral blocks in Study Flow 1. In each block, add a sentence-reading screen before the Neutral film clip.

4.3.4. Use these three neutral sentences on the sentence-reading screen42: “The earth is round,” “Digital clocks are common,” and “Our body is made of water.”

4.3.5. Add an instruction screen before each Neutral film clip. Add a no-sound instruction screen before each neutral film clip.

4.3.6. Add the Neutral film clip after the instruction screen. Do not add the CoreGRID questionnaire and sentence-reading after Neutral clips.

4.3.7. Create four emotional blocks in between those Neutral blocks in Study Flow 1: Joy 1(a), Sad, Joy (b), and Anger.

4.3.8. In each emotional block, add a sentence-reading screen before the emotional film clip. Use the same three neutral sentences on the pre-clip sentence-reading screen.

4.3.9. Add an instruction screen before each emotional film clip to guide the participant to proceed.

4.3.10. Add a sentence-reading screen immediately after each emotional film clip.

4.3.11. Add an instruction screen telling the participant to answer the next questions about the movie clip they just watched.

4.3.12. Add the 22-item CoreGRID questionnaire after each emotional film (only use the Appraisal, Motivation, and Feeling major components from the 32 CoreGRID items)16.

4.4. In Study Flow 2 (active engagement), create the same 8 stimulus blocks using the same block order.

4.4.1. In each Study Flow 2 block, add an instruction screen before the film clip asking the participant to describe the video while it is playing.

4.4.2. Use the following instruction text: “Please describe the next video while it is playing. You can tell me: what you see happening, what you think is going on, and how the scene makes you feel.”

4.4.3. Add a no-sound instruction screen before each Neutral film clip in Study Flow 2. Add the film clip after the instruction screen.

4.4.4. Add the Emotion Selection task after each film clip in Study Flow 2. In the Emotion Selection task, ask the participant to reflect on the movie they just watched and their feelings.

4.4.5. Include the following response options in the Emotion Selection task: Sad, Joy, Neutral, and Anger (see Supplementary File 2).

4.4.6. Add a movie familiarity question after each Emotion Selection task (see Supplementary File 2).

4.5. Ask the participant, “Have you seen this movie before?” Include the following response options for the movie familiarity question: Yes, No, and I am not sure.

4.6. Confirm that all movie clips have the same video properties: 1920 × 1080 pixel resolution and 30.00 frames/s.

4.7. Configure the pre-clip and post-clip sentence-reading screens so that only the researcher can advance to the next stimulus.

NOTE: The neutral sentence-reading task is used as a standardized voice sample. Use neutral sentences before and after emotional clips to assess changes in vocal features without using emotionally loaded sentence content. In Study Flow 2, the active description task is used to collect spoken descriptions for subsequent analyses of language, sentiment, and appraisal/evaluation. Neutral clips serve as comparison conditions between emotional clips; omitting tasks like completing the CoreGRID questionnaire reduces participant burden.

5. Configure audio and video recording

5.1. Open Global Settings | Audio & Video in the multimodal data-acquisition platform.  Under Camera Setup, select Respondent as the camera to configure.

[Place Figure 1 here]

5.2. Check Enable VideoCam Capture. Select the participant-facing camera from the camera dropdown menu. Set the video recording format to 1920 × 1080 at 30 frames/s.

5.3. Check Include Audio and select Microphone (USB Lavalier Microphone) from the audio dropdown menu.

5.4. Leave Date, Time, and FPS overlay unchecked. Leave Horizontal and Vertical flip image options unchecked. Set the video encoding format to H.265.

5.5. Connect the microphone directly to the recording computer. Clip the USB lavalier microphone to a lanyard around the participant’s neck.

5.6. Check that the participant’s face is centered in the webcam frame. Check that the participant’s face is not occluded by hair, hands, glare, or screen position.

5.7. Ask the participant to read one short test sentence aloud. Confirm that the audio signal is audible.

5.8. Check that the speaker volume is comfortable for the participant. Keep the speaker volume setting consistent across all movie clips.

NOTE: Overlays are optional for quality-control review, and image-flip options are only needed if the preview image is inverted.

6. Configure facial expression and voice analysis

6.1. Open Global Settings | Audio & Video.

[Place Figure 2 here]

6.2. Under the automated facial-expression analysis module, check Enable Data Collection. Check Forward Samples.

6.3. Leave Enable Multiface Detection, Face ID, and Recognize Faces unchecked. Select Baseline under the automated facial-expression analysis module.

6.4. Set the facial-expression analysis sampling rate to 30 Hz. Under the automated voice-analysis module, check Emotions, Prosody, and Speaker Attributes.

6.5. Set the automated voice-analysis module sampling rate to 11 Hz. Set the minimum speech segment duration to 1 s.

6.6. Set the maximum speech segment duration to 10 s. Set the speech segment end delay to 0.25 s. Save the settings before beginning data collection.

7. Configure GSR and heart-rate recording

7.1. Open Global Settings | Sensors.

7.2. Under the physiological sensor settings, select GSR as the sensor type.

   [Place Figure 3 here]

7.3. Set Sample Frequency to 128 Hz. Check Heart Rate. Leave Accelerometer unchecked.

7.4. Check Enable data collection for the Shimmer device. Confirm that the GSR/PPG sensor is connected before beginning the recording, and that the connection quality is high.

7.5. Place the electrodes on the index and middle fingers when using the standard GSR electrode setup.

7.6. Attach the optical pulse ear-clip sensor for heart rate recording through photoplethysmography.

7.7. Ask the participant whether hand lotion, oil, or cream was used before the session. Document lotion, oil, cream, rings, or other factors that may affect electrode contact.

7.8. Ask the participant to sit comfortably and minimize movement of the sensor hand during recording. Use a chair with an armrest. Ask the participant to avoid speaking during stimulus presentation.

8. Visit 2: Conduct the mock test

8.1. Seat the participant comfortably in front of the monitor. Explain that the task includes watching film clips, reading short sentences, describing scenes aloud, and answering emotion-related questions.

8.2. Ask the participant to keep looking toward the screen during each clip. Ask the participant to remain as still as possible during each clip.

8.3. Start the short mock test of Study Flow 1 with the participant to practice with the system and answer questions. Present the welcome page.

8.4. Ask the participant to read the welcome instructions silently. Confirm that the participant understands that some clips may not have sound.

8.5. Ask the participant to read the three neutral sentences aloud. Inform the participant that there is no right or wrong way to read them aloud.

8.6. Present the no-sound instruction screen. Present the instruction screen for the mock test film clip slide.

8.7. Use a picture with a film-clip icon and ask the participant to watch the clips from the actual test here (see Supplementary File 1 for the icon).

8.8. Review the test recording for facial visibility, audio clarity, and physiological signal quality. Correct any recording issues before beginning the actual task (Study Flow 1).

8.9. Document all corrections in the session log, and record the room light level in lux, temperature, and humidity in the comment box.

9. Conduct Study Flow 1: passive viewing

9.1. Move to the adjacent researcher's room before starting Study Flow 1. Confirm that the participant is visible through the window.

9.2. Confirm that the researcher can monitor the recording interface and sensor signals from the adjacent room. 

9.3. Use the agreed communication method and confirm that communication with the participant is working before beginning the session. 

9.4. Remind the participant to inform the researcher if they feel discomfort, fatigue, or want to pause.

9.5. Start recording Study Flow 1 in the multimodal data-acquisition platform. Advance to the next stimulus only after the participant has read all three sentences aloud.

9.6. Ensure that Facial expression analysis, GSR, heart rate, and microphone recording are working during the clip.

9.7. Stop the task if the participant asks to stop or shows sustained discomfort. After Study Flow 1 is completed, remove the GSR electrodes and PPG sensor from the participant for the break.

9.8. Record any technical issue, pause, participant discomfort, incomplete task, or possible artifact source in the session log.

10. Conduct Study Flow 2: active engagement

10.1. Ensure that the participant had at least 10 min of break before Study Flow 2.  Reattach the GSR electrodes and PPG sensor using the same placement as in Study Flow 1.

10.2. Confirm that the GSR, PPG, facial expression, and microphone recordings are functioning before beginning Study Flow 2.

10.3. Follow steps 9.1 to 9.5.

10.4. Start recording for Study Flow 2 in the multimodal data-acquisition platform. Continue GSR and PPG recording throughout Study Flow 2.

10.5. Record any technical issue, pause, participant discomfort, incomplete task, or possible artifact source in the session log.

NOTE: In Study Flow 2, participants describe each clip aloud as it plays. Continuous physiological recording preserves synchronization with the spoken descriptions for subsequent cross-modal analyses, such as combining physiological and linguistic or sentiment measures. These analyses were not conducted in the present feasibility study.

11. End the session and secure the data

11.1. Remove the GSR electrodes, heart-rate PPG sensor, and microphone. Ask the participant whether they feel comfortable before leaving the laboratory.

11.2. Save all participants’ recording files before closing the software as a separate study file. 

11.3. Label electronic study files with the participant's unique study ID. Store the master list linking participant identities to study IDs separately in a password-protected and encrypted file.

11.4. Store audio recordings, video recordings, transcripts, questionnaire data, and analysis files on a secure drive. Access the data only from the password-protected research computer and do not store study data on personal devices.

11.5. Restrict access to identifiable recordings and the participant-code master list to authorized research team members. Require any additional individual who requires access to study data to sign a confidentiality agreement.

11.6. Treat facial video and voice recordings as identifiable data even when the files are labeled only with participant codes. Share identifiable recordings outside the research team only as permitted by the participant's consent and the approved ethics protocol.

NOTE: Participants provide separate consent regarding public use of video recordings. Recordings are not used publicly unless the participant has provided the corresponding consent; where applicable, facial blurring is applied according to the participant's selected consent option.

RESULTS:
Feasibility Study - Methods
Participants
A total of 11 participants were recruited. All participants gave written informed consent for both audio and video recordings. Participant characteristics are summarized in Table 1. Of the seven healthy older adults, six had caregiving experience. One healthy older adult had 28 years of professional experience in clinical psychology and neuropsychology, including work with adults and older adults in geriatric care, rehabilitation, and memory program settings. This was the first participant who was intentionally included in the pilot phase to provide expert-informed feedback on protocol clarity, participant burden, clinical appropriateness, and data collection procedures. Their inclusion should therefore be interpreted as part of pilot testing rather than as representative of the broader healthy older adult group. The OAWD had received a clinical diagnosis of dementia due to probable Alzheimer’s disease, which was confirmed by reviewing documentation from a specialized geriatric clinic. At screening in Visit 1, this participant had a MoCA score of 13, a DSRS score of 18, and an FAQ score of 24. These results indicate that the OAWD had moderate cognitive impairment, dementia severity at the upper end of the mild range, and substantial impairment in instrumental activities of daily living, respectively.

[Place Table 1 here]

Protocol refinement
The first three HOA participants completed an initial pilot version of the protocol. This version included 16 film clips arranged in four sets, with each set including a neutral, joy, sadness, and anger clip, and Visit 2 lasted approximately 4.5 h. Qualitative feedback from these participants was used to refine the procedure. In the revised protocol, the number of film clips was reduced from 16 to 8, comprising four neutral clips and four emotional clips (two joy, one sadness, and one anger), and the duration of Visit 2 was reduced to less than 2 h. Instructions were clarified, visual supports such as icons were added, two mock practice tasks were introduced before the experimental tasks, and interface settings, including pointer size and contrast, were adjusted to improve task visibility and ease of use for older adults. The revised protocol was subsequently administered to eight participants, including three HYA, four HOA, and one OAWD.

Data processing and synchronization
Facial expression recordings were post-processed using the automated facial-expression analysis module, with data availability defined as the percentage of video frames in which a face was successfully detected and analyzed. Voice recordings were processed using the automated voice-analysis module with speech segments of 1 to 10 s and a segment end delay of 0.25 s. GSR was recorded at 128 Hz, and feasibility was evaluated using the platform-derived percentage of missing signal and signal-to-noise ratio. All acquired data streams and study events were aligned on a common synchronized iMotions timeline. Device timestamps were used when available; otherwise, timing was reconstructed from the sample count and sampling rate. Film presentation intervals were identified using the synchronized StartMedia and EndMedia event markers.

Outcomes
Feasibility was assessed according to the following variables: 1) task completion; 2) participant usability feedback; 3) successful acquisition or completion of the planned measurement modalities; and 4) predefined data-quality outputs for facial expression and GSR. Task completion included completion of the film-viewing, sentence-reading, CoreGRID, spoken-description, Emotion Selection, and movie familiarity tasks required under the protocol version administered to each participant. Heart-rate/PPG and voice recording acquisition were documented descriptively. Heart rate was recorded from the PPG signal as an additional physiological channel. No processing, modality-specific quality threshold, or heart-rate outcome was included in the present feasibility analysis. Formal modality and specific data-quality evaluation were limited to facial expression and GSR outputs produced by the platform. Participant feedback was assessed using the 16-item Post-Study System Usability Questionnaire (PSSUQ)43,44. PSSUQ overall and subscale scores were calculated as the mean of the applicable item scores, using the original 1-to-7 response scale. Lower scores reflect better perceived usability. Successful modality acquisition or completion was determined by whether the planned heart-rate recording, voice recording, spoken-description task, and CoreGRID questionnaire were obtained or completed for each participant. Data quality was assessed using iMotions-derived facial expression and GSR outputs, including percentage of usable facial data, percentage of usable GSR data, GSR signal-to-noise ratio, and percentage of missing GSR signal.

Data analysis
Feasibility data were summarized descriptively. For each feasibility variable, means, standard deviations, and ranges were calculated across the 11 participants. GSR signal quality was interpreted using a 20 dB signal-to-noise ratio cutoff. Recordings with a signal-to-noise ratio ≥ 20 dB were classified as usable. Recordings with a signal-to-noise ratio < 20 dB were classified as suboptimal when a signal was still recorded. Recordings were classified as missing when no usable signal was captured or the sensor failed completely. 

Feasibility
Feasibility results are displayed in Table 2. All three participants who completed the initial pilot version and all eight participants who completed the revised protocol completed the tasks required under their respective protocol versions. All 11 participants completed the required CoreGRID and spoken description tasks, voice recordings were obtained during the sentence-reading and active description tasks, and heart-rate recording using PPG was successfully implemented for all participants. Because the initial pilot group with three participants was small and the revisions were made based on qualitative feedback, quantitative feasibility outcomes were not statistically compared between protocol versions. The final protocol was therefore directly tested in eight participants. PSSUQ scores were low across the overall scale and subscales. The overall score and all subscale scores were below published preliminary PSSUQ norms44. This indicates that participants rated the protocol as more usable than the available benchmark values. Automated facial expression data were successfully obtained for all participants. Two participants had data for facial expression below 100%; however, both recordings were deemed analyzable.

[Place Table 2 here]

GSR data were successfully recorded for all participants. Most recordings met the predefined signal-quality criterion, with 10 participants showing GSR signal-to-noise ratios above the 20 dB cutoff. One HOA had a GSR signal-to-noise ratio below the cutoff. This recording was classified as suboptimal rather than missing because a GSR signal was still recorded. Missing GSR signals were minimal across participants. Overall, these feasibility outcomes indicate that the protocol produced complete task data, positive usability feedback, and analyzable facial expression and GSR data in the feasibility sample.

Representative outcomes
iMotions Signals
Representative iMotions signal traces from one HOA participant during the Neutral(1) and Joy(b) film conditions are shown in Figure 4. These processed channels are shown as representative visualization outputs generated by the platform and were not used to calculate the feasibility outcomes.

[Place Figure 4 here]

The two examples illustrate the synchronized display of three output streams: automated facial expression valence, interpolated GSR, and GSR peak detection. These representative outputs show how facial and physiological signals can be inspected on the same timeline for individual film clips. During the Neutral(1) clip, the valence signal remained mostly near or below zero. On the other hand, the GSR signal showed an early increase followed by a gradual decline across the clip. The GSR peak-detection channel identified several discrete peaks early in the recording, followed by fewer detected peaks later in the clip. In the Joy(b) clip, the facial valence signal showed a larger positive response later in the clip, including a sustained period of high positive valence. The GSR trace showed multiple phasic changes across the clip, and the peak-detection channel marked repeated GSR peaks. 

Δ Voice (Average valence)
A second representative outcome was generated to illustrate how the sentence-reading task can be used to examine emotional vocal change before and after emotional film viewing. For this example, data from the same HOA participant were used. Average vocal valence for each pre- and post-clip sentence-reading sample was calculated by audEERING within iMotions. Average vocal valence for each pre- and post-clip sentence-reading sample was generated by the automated voice analysis module. Vocal valence is represented on a continuous scale from −1 to +1, with lower values representing more negative vocal expression and higher values representing more positive vocal expression. Average Valence output was derived from the iMotions without further transformation before calculating Δ Voice Average Valence. 



Positive Δ values indicate an increase in vocal valence from pre- to post-clip, whereas negative Δ values indicate a decrease in vocal valence. The examples in Figure 5 included one Sad clip and one Joy clip from the same HOA participant. Facial valence and Δ Voice Average Valence are displayed separately using their original values because the two measures have different scales.

[Place Figure 5 here]

Figure 5 provides an illustrative presentation of facial valence and Δ Voice Average Valence for the Sad and Joy clips in one HOA participant. In this example, both measures were negative for the Sad clip and positive for the Joy clip. Because this example is based on one participant and two emotional conditions, it is intended only to illustrate the types of outputs the protocol can generate and should not be interpreted as evidence of agreement between modalities.

FIGURE AND TABLE LEGENDS:
Figure 1: Audio and video global settings in iMotions to configure video encoding. The screenshot shows the configuration used for participant-facing video and audio recording. Video was configured at 1920 × 1080 resolution and 30 frames/s, with audio captured using a USB lavalier microphone and video encoded in H.265 format. Screenshot reproduced with permission from iMotions A/S.

Figure 2: Affectiva AFFDEX facial expression analysis and audEERING voice analysis settings in iMotions. The screenshot shows the configuration used for automated facial expression and voice analysis. AFFDEX data collection was enabled at 30 Hz with Baseline selected, and the audEERING module was configured to analyze Emotions, Prosody, and Speaker Attributes at 11 Hz, using speech segments of 1–10 s and a segment-end delay of 0.25 s. Screenshot reproduced with permission from iMotions A/S.

Figure 3: Shimmer GSR and heart-rate settings in iMotions. The screenshot shows the configuration used for physiological recording with the Shimmer device. GSR was selected as the sensor type with a sampling frequency of 128 Hz; heart rate recording was enabled, and accelerometer recording was disabled. Screenshot reproduced with permission from iMotions A/S.

Figure 4: Representative synchronized iMotions signal traces of an HOA participant while watching individual film clips. From top to bottom, the panels display AFFDEX facial valence, interpolated GSR, and GSR peak detection over time. AFFDEX facial valence is reported as a unitless score ranging from −100 to +100, where negative values represent negative affective expression, 0 represents neutral expression, and positive values represent positive affective expression. The interpolated GSR signal is expressed in microsiemens (µS). The GSR peak detection channel is a binary 0/1 signal, with 1 indicating a detected phasic response peak. The x-axis shows the iMotions recording timeline in minutes and seconds. Facial valence is shown in olive green, interpolated GSR in teal, and GSR peak detection in light green. Visualization reproduced with permission from iMotions A/S.

Figure 5: Representative facial valence and Δ Voice Average Valence outputs for Sad and Joy clips in one HOA participant. Facial valence is reported as a dimensionless score ranging from −100 to +100, where negative values indicate negative affective expression, 0 indicates neutral expression, and positive values indicate positive affective expression. Δ Voice Average Valence was calculated as post-clip average vocal valence minus pre-clip average vocal valence. Average vocal valence is reported on a scale from −1 to +1, with lower values representing more negative vocal expression and higher values representing more positive vocal expression. Positive Δ values indicate an increase in vocal valence from pre- to post-clip, whereas negative Δ values indicate a decrease. Facial valence and Δ Voice Average Valence are displayed separately using their original scales.

Table 1: Participant characteristics. Sample size, gender distribution, age, and years of education are summarized by study group. Age and education are reported as mean (range). Abbreviations: HYA = Healthy Young Adult; HOA = Healthy Older Adult; OAWD = Older Adult with Dementia.

Table 2: Feasibility and data-quality outcomes. Task completion is reported as the number of participants completing all required tasks divided by the number tested. GSR recordings with SNR ≥20 dB were classified as meeting the predefined signal-quality criterion; recordings with SNR <20 dB were classified as suboptimal when a signal remained available. The missing GSR signal was calculated as the number of missing samples divided by the expected number of samples over the analyzed stimulus duration, multiplied by 100. The percentage of frames with facial expression data was defined as the number of video frames in which a face was successfully detected and analyzed, divided by the total number of video frames considered in the post-processed recording, multiplied by 100. This measure reflects the availability of facial expression data rather than the accuracy of the inferred expression. PSSUQ scores range from 1 to 7, with lower scores indicating better perceived usability. Completed tasks included all required film-viewing, sentence-reading, CoreGRID, spoken-description, Emotion Selection, and movie-familiarity tasks under the protocol version administered to each participant. Continuous variables are reported as mean, standard deviation, and range. Categorical feasibility outcomes are reported as n/N (%). Abbreviations: GSR = galvanic skin response; SNR = signal-to-noise ratio; PSSUQ: post-study system usability questionnaire43,44.

Supplementary File 1: Study Flow 1 configuration and task screens. This file shows the eight blocks of the Study Flow 1 configuration used for passive viewing and representative task screens. It includes the welcome screen, sentence-reading screens, film viewing instructions, no sound notification, film clip presentation screen, and post-clip question instructions. Screenshots reproduced with permission from iMotions A/S.

Supplementary File 2: Study Flow 2 configuration and task screens. This file shows the eight blocks of the Study Flow 2 configuration used for active engagement and representative task screens. It includes the welcome screen, active description instruction, no sound notification, film clip presentation screen, Emotion Selection task, and movie familiarity question. Screenshots reproduced with permission from iMotions A/S.

Supplementary Table 1: Film clip sequence, validation sources, and emotion categories. This table lists the eight film clips in presentation order, the source or validation study for each clip, and the assigned emotion category block. The film excerpts were obtained directly from the authors of the corresponding validation studies for research use upon request. Researchers wishing to use the same excerpts may contact the first authors of the cited source studies to request access. If an exact excerpt cannot be obtained, researchers may substitute a film excerpt that has been independently validated to elicit the same target emotion and is comparable in duration and audiovisual characteristics.

DISCUSSION:
This method article describes a laboratory-based protocol for multimodal assessment of emotional responses in different age groups and individuals diagnosed with dementia. The protocol was designed to operationalize several components of the CPM, including expression, physiology, appraisal, motivation, and feeling4,13–17. The feasibility results provide preliminary support for implementing this protocol in the tested sample: all participants completed the experimental tasks, usability ratings were positive, and facial expression and GSR data were successfully obtained for all participants. Also, all participants completed the required CoreGRID and spoken-description tasks. Voice recordings were obtained from all participants during the sentence-reading and active-description tasks, and heart rate was recorded using PPG as an additional physiological channel. No predefined modality-specific quality criterion was applied to the heart rate, voice, linguistic, or CoreGRID data in the present feasibility analysis. The linguistic, sentiment, and appraisal content of the spoken descriptions was not analyzed in the present study. Accordingly, these findings provide preliminary support for the administration of the protocol in the tested sample, which included one OAWD due to probable Alzheimer’s disease. The outputs represent what successful data collection may look like for GSR and facial expression analysis after applying the protocol. The synchronized iMotions traces show that facial expression valence, interpolated GSR, and GSR peak detection can be inspected on the same timeline. These examples illustrate the type of time-varying facial and physiological outputs generated by the protocol. The ΔVoice Average Valence example illustrates one possible output of the sentence-reading task. In one HOA participant, vocal and facial valence were both negative for the Sad clip and positive for the Joy clip. Because this example included only one participant and two emotional conditions, no conclusion regarding agreement between the modalities can be drawn. 

This initial pilot study is important because the protocol included several tasks and data streams, which may be demanding for HOA and OAWD groups. The results of the pilot study led to changes in task instructions, the inclusion of a short mock test, and adjustments to the session duration. The mock test helped familiarize all participants with the procedure before the actual task. These modifications were intended to reduce participant burden and improve task clarity. Because the two protocol versions were implemented sequentially as part of an iterative pilot process and the initial group included only three participants, quantitative outcomes were not formally compared between versions. Several steps are critical for successful implementation, including careful adherence to the procedure, control of the laboratory environment, and screening for sensory, cognitive, language, and psychological distress factors. 

First, the stimulus sequence must be prepared carefully so that neutral and emotional clips are presented in the intended order and so that sentence-reading, CoreGRID, active description, and emotion-selection tasks appear at the correct points in the study flow. Validated film clips are important because emotion induction based on viewing of a feature film is effective, but the use of standardized and validated clips strengthens reproducibility and helps align the task with the intended emotion categories16,20–22. In addition, neutral clips are critical as they provide a comparison condition for interpreting responses to emotional clips. In the representative Neutral(1) trace shown in Figure 4, GSR peaks were mainly observed near the beginning of the clip, with considerably fewer peaks later in the recording. The representative Neutral trace illustrates physiological activity during one Neutral clip and is presented as an example rather than evidence that participants returned to a physiological baseline across the sample. The film clips were presented in a fixed order and were repeated in the same order during Study Flow 2; therefore, order, carryover, familiarity, and habituation effects cannot be excluded. However, Study Flow 2 was not intended to independently replicate the emotional responses evoked during Study Flow 1, but rather to gather verbal descriptions for further language, sentiment, and appraisal-related analyses. Future studies focused on comparing emotional responses across repeated presentations should consider counterbalancing or randomizing stimulus order. Second, the laboratory environment must be controlled before each session. Stable lighting, temperature, humidity, consistent monitor settings, comfortable audio volume, consistent time of day, and adequate room conditions are important for minimizing variability across participants and improving the quality of facial, physiological, and audio recordings. Lighting may be particularly important when testing OAWD since environmental light has been associated with agitation in people living with dementia45. Third, participant positioning and sensor placement are essential. The participant’s face must remain visible to the camera, the microphone must capture clear speech, and the GSR sensors must maintain stable contact with the skin while the participant minimizes movement of the sensor hand. A stable chair without wheels and with armrests helps reduce participant movement and support stable sensor contact.

This feasibility study identified practical modifications and troubleshooting points. The GSR finding suggests the importance of documenting possible artifact sources. One participant had rings on the hand used for GSR recording, and the rings could not be removed during the session. This likely reduced sensor contact quality and/or contributed to movement artifact. As noted in the protocol, participants should be instructed before the test day to avoid hand lotion, oil, or cream and to remove rings or other hand accessories when possible. Instructing and supporting participants before and during the testing sessions are important for multimodal data-quality reporting because such support helps to prevent suboptimal but interpretable recordings from being treated the same way as complete sensor failure. Similarly, the two participants with facial usable data below 100% still had analyzable recordings. It shows that minor reductions in automated facial tracking do not necessarily invalidate the recording.

This protocol has several limitations. One HOA was intentionally recruited because of its extensive professional experience in clinical psychology and neuropsychology. Therefore, the behavioral and physiological data from this participant may not be fully representative of a typical HOA, although their informed qualitative feedback was valuable for refining the protocol. First, the sample size was small and included only one older adult with dementia due to Alzheimer’s disease; as such, the findings should not be interpreted as evidence that the protocol is suitable for all forms of dementia or stages of severity. Future research should assess the protocol's viability across a variety of dementia subtypes and severity levels, such as frontotemporal dementia, which has been linked to inconsistencies between self-reported emotional reactivity and facial expression11. The current study did not assess feasibility in those with severe dementia. Another potential limitation is that the controlled laboratory setting, while supporting the quality of the data obtained,  may limit applicability in less controlled environments, such as clinics, homes, or long-term care settings. A third potential limitation is that the protocol depends on multiple devices, software modules, and synchronized data streams, which increases the technical demands for implementation. Automated facial expression, voice, and physiological measures require careful reporting of software settings, sampling rates, preprocessing decisions, and data-quality thresholds. Lastly, the Δ Voice Average Valence output is exploratory and requires validation with more participants and comparison with other valid measures. In order to demonstrate convergent validity, future research should investigate if the magnitude and direction of Δ Voice Average Valence are related to face valence during the movie clip, participant ratings on the Feeling component of CoreGRID, and the emotion chosen by participants following each film clip (i.e., negative or positive emotions).

Despite these limitations, this protocol offers a positive, reproducible workflow for assessing emotion as a multidimensional process rather than as a single self-reported measure. This is relevant for aging and dementia research, where emotional responses may differ across subjective, expressive, physiological, vocal, and linguistic channels10-12,26–29. To conclude, this protocol has great potential for studying emotional experience, affective communication, dementia care, human-computer interaction, and multimodal biomarker development. 
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