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The characteristics of the two robot platforms used in this study are summarized in Table G.1. This comparison clarifies the embodiment manipulation implemented in the experimental design and documents the principal physical and interaction characteristics of each commercially available platform. Although the robots differ substantially in anthropomorphic appearance, both platforms were programmed to execute equivalent interaction scenarios, enabling controlled comparison of embodiment, movement predictability, and postural behavior under standardized experimental conditions [18, 27].

Table A.1. Comparison of Pepper and Temi Robot Platforms
	Feature
	Pepper (Humanoid)
	Temi (Non-Humanoid)
	Representative Sources

	Manufacturer
	SoftBank Robotics (Japan)
	Robotemi (Israel/USA)
	SoftBank Robotics; Robotemi

	Physical form
	Humanoid upper body with head, torso, articulated arms, and wheeled base
	Mobile telepresence robot with touchscreen display mounted on a wheeled base
	[91, 92]

	Approximate height
	1.2 m
	1.0 m
	Manufacturer specifications

	Mobility
	Autonomous wheeled navigation for indoor environments
	Autonomous mapping and navigation with obstacle avoidance
	[93]

	Interaction modalities
	Speech, expressive gestures, head movement, gaze behaviors, touchscreen interface
	Speech interaction, touchscreen interface, audiovisual feedback, autonomous navigation
	[66]

	Anthropomorphic characteristics
	High level of human-like appearance through head structure, articulated arms, gestures, and body proportions
	Low anthropomorphic appearance, lacking facial features and articulated limbs
	[18, 94]

	Programming capabilities
	Extensive software development kits and customizable interaction behaviors
	Open API supporting navigation and dialogue customization
	[92]

	Typical research applications
	Social interaction, healthcare, education, elder care, and HRI research
	Telepresence, service robotics, healthcare assistance, and autonomous navigation research
	[95, 96]

	Experimental role in this study
	Humanoid embodiment condition with programmable movement and posture manipulations
	Non-humanoid embodiment condition with equivalent movement and posture manipulations
	Present study



Note. Both robot platforms completed equivalent interaction scenarios under standardized experimental conditions. Differences between platforms primarily reflect embodiment characteristics rather than differences in interaction content, allowing the independent examination of embodiment (H1), movement predictability (H2), and postural configuration (H3).
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Scenario-based interaction protocols were employed to ensure standardized experimental conditions while preserving ecological validity during first-encounter human-robot interaction. Standardized robot behavior minimized procedural variability across participants and enabled controlled comparison of embodiment, movement predictability, and postural configuration while maintaining comparable interaction experiences [97]. Robot approach distance and movement trajectories were selected to remain within socially acceptable interpersonal distances for older adults, consistent with established proxemic principles in human-robot interaction [49, 98, 99].

Study Title: Investigating the Features of Social Robots That Evoke Fear in Older Adults
Robot Platforms: Pepper (Humanoid) and Temi (Non-Humanoid)
Interaction Languages: English and Arabic

B.1 Standard Experimental Procedures
The following procedures were applied across all experimental conditions:
1. Participants remained seated throughout each interaction.
1. The robot maintained an interaction distance of approximately 1.5 m, except during programmed movement conditions.
1. Robot speech, movement timing, posture, and orientation were fully pre-programmed.
1. No adaptive conversation or unscripted interaction was permitted.
1. The researcher remained outside the participant's immediate field of view and intervened only if required for participant safety.
1. Physiological recording continued continuously throughout baseline and interaction periods.

B.2 Scenario 1: Embodiment (Human-Likeness) Interaction
Objective
To examine participants' responses to differences in robot embodiment while maintaining identical interaction content across platforms.
English Script
1. Hello, my name is [Pepper/Temi].
1. It is nice to meet you.
1. How are you feeling today?
1. Thank you for talking with me.
Arabic Script
1. مرحبًا، اسمي [بيبر/تيمي].
1. تشرفت بلقائك.
1. كيف تشعر اليوم؟
1. شكرًا لتحدثك معي.
Robot Behavior
1. Neutral voice tone
1. Direct forward orientation
1. Natural head orientation (Pepper) or screen orientation (Temi)
1. Minimal body movement
1. Standardized interaction duration

B.3 Scenario 2: Movement Predictability Interaction
Objective
To examine participants' responses to predictable versus unpredictable robot movement.
English Script
1. I will move now.
1. Thank you for watching my movement.
Arabic Script
1. سأتحرك الآن.
1. شكرًا لمتابعة حركتي.
Robot Behavior
Smooth Movement Condition
1. Gradual forward movement
1. Smooth directional turn
1. Continuous velocity profile
Jerky Movement Condition
1. Abrupt directional change
1. Rapid acceleration and deceleration
1. Identical travel distance and duration as the smooth condition
No additional verbal interaction occurred during robot movement.

B.4 Scenario 3: Postural Configuration Interaction
Objective
To examine participants' responses to differences in robot posture and body orientation.
English Script
1. I am here with you.
1. Thank you for spending time with me.
Arabic Script
1. أنا هنا معك.
1. شكرًا لقضائك هذا الوقت معي.
Robot Behavior
Open Posture Condition
1. Forward-facing orientation
1. Open arm configuration (Pepper)
1. Forward screen orientation (Temi)
Closed Posture Condition
1. Inward-oriented arm position (Pepper)
1. Reduced screen orientation toward the participant (Temi)
Speech content remained identical across posture conditions.

B.5 Experimental Standardization
To ensure experimental consistency across participants and robot platforms, the following controls were implemented:
1. Identical verbal scripts across participants
1. Standardized speech rate, voice volume, and speech timing
1. Constant room layout, lighting, and environmental conditions
1. Standardized interaction distance
1. Standardized movement speed except for the programmed movement manipulation
1. Fixed interaction duration for each scenario
1. Continuous physiological recording throughout baseline and interaction periods
1. No unscripted dialogue or experimenter intervention unless required for safety
After each interaction scenario, participants completed the Perceived Fear Scale before proceeding to the next condition. The semi-structured interview was conducted only after completion of all experimental scenarios to avoid influencing subjective appraisal or physiological responding during the experiment.
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This appendix summarizes the preprocessing pipeline applied to physiological data collected using the EmbracePlus wearable device. Signal reconstruction and preprocessing were performed using the LOTUS framework and NeuroKit2 to improve signal quality and ensure reliable feature extraction. Consistent with established psychophysiological practice, electrodermal activity (EDA) and cardiovascular measures were interpreted as indices of autonomic arousal and regulatory processes rather than emotion-specific markers [79, 100, 101].
C.1 Data Access and Reconstruction
1. Raw physiological data were exported from the Empatica cloud platform using Cyberduck.
1. AVRO files were reconstructed into synchronized CSV files using the LOTUS preprocessing framework.
1. Timestamp synchronization, packet verification, and missing packet reconstruction were performed during preprocessing to improve temporal consistency across sensor streams.
C.2 Electrodermal Activity (EDA)
EDA signals were processed using NeuroKit2 following standard psychophysiological preprocessing procedures.
Processing steps included:
1. Low-pass filtering (0.5 Hz)
1. Detection and correction of movement-related artifacts
1. Removal of transient signal spikes
1. Separation of tonic and phasic components using the cvxEDA algorithm
The following EDA features were extracted for statistical analysis:
1. Mean Skin Conductance Level (SCL_mean)
1. Number of Skin Conductance Responses (SCR_count)
1. Mean Skin Conductance Response Amplitude (SCR_amp_mean)
C.3 Blood Volume Pulse, Heart Rate, and Heart Rate Variability
Blood volume pulse (BVP) signals underwent preprocessing prior to cardiovascular feature extraction.
Processing steps included:
1. Low-pass filtering (5 Hz)
1. Adaptive systolic peak detection
1. Inter-beat interval (IBI) computation
1. Removal of physiologically implausible intervals and artefactual beats
Heart rate variability indices were computed from the cleaned IBI series using NeuroKit2.
Extracted cardiovascular features included:
1. Mean Heart Rate (HR_mean)
1. Root Mean Square of Successive Differences (RMSSD)
1. Standard Deviation of Normal-to-Normal Intervals (SDNN)
Baseline-adjusted change scores (ΔHR, ΔSCL, and ΔRMSSD) were subsequently calculated for statistical analyses by subtracting each baseline recording from its immediately preceding interaction value.
C.4 Quality Control
Multiple quality-control procedures were applied before feature extraction and statistical analysis.
These procedures included:
1. LOTUS packet verification
1. NeuroKit2 signal quality assessment
1. Accelerometer-based detection of excessive motion artifacts
1. Removal of epochs containing physiologically implausible or unreliable signal segments
Only epochs satisfying predefined quality-control criteria were retained for subsequent mixed-effects analyses.

Appendix D. Perceived Fear Scale (PFS) and Reliability
While established instruments such as the Robot Anxiety Scale (RAS) and the Negative Attitudes toward Robots Scale (NARS) effectively measure generalized, trait-level anxiety toward robots, they are not optimized to capture state-level, moment-to-moment threat appraisals triggered by specific kinematic or postural manipulations. The Perceived Fear Scale (PFS) was adapted specifically to isolate state-dependent subjective responses to dynamic behavioral violations during first encounters.
The Perceived Fear Scale (PFS) is a 16-item, state-based instrument adapted for this study to assess fear-relevant appraisal during human-robot interaction. The final PFS comprises Items 1-14, 16, and 17. Item 15 was removed following pilot testing. Items 13 and 14 are positively worded safety/calmness items and are reverse-coded using the formula recoded score = 6 - raw response so that higher values consistently indicate greater perceived fear, unease, or threat appraisal.
Participants responded using a five-point Likert-type scale: 1 = Strongly Disagree, 2 = Disagree, 3 = Neutral, 4 = Agree, and 5 = Strongly Agree. Subscale and total scores were transformed to Percent of Maximum Possible (POMP) values for statistical analysis.

Table D1. PFS subscale structure and scoring
	Subscale / Scale
	Items
	Scoring direction
	Interpretation

	Physical Features
	1-3
	Direct
	Higher scores indicate greater fear-relevant appraisal linked to physical features.

	Movement
	4-7
	Direct
	Higher scores indicate greater unease linked to movement characteristics.

	Threat Appraisal
	8-12
	Direct
	Higher scores indicate greater perceived threat.

	Safety/Calmness
	13, 14, 16, 17
	Items 13 and 14 reverse-coded; Items 16 and 17 direct
	Higher scores indicate lower perceived safety/calmness after reverse coding.

	Total PFS
	All 16 items
	Items 13 and 14 reverse-coded before aggregation
	Higher scores indicate greater overall fear-relevant appraisal.



Table D2. Internal consistency reliability of the PFS
	Subscale / Scale
	Items
	α Pre
	α Post
	ω Pre
	ω Post

	Physical Features
	1-3
	.91
	.93
	.90
	.92

	Movement
	4-7
	.92
	.93
	.92
	.93

	Threat Appraisal
	8-12
	.95
	.94
	.95
	.94

	Safety/Calmness
	13, 14, 16, 17
	.73
	.76
	.75
	.77

	Total PFS
	All 16
	.84
	.87
	.85
	.87


Note. Reliability coefficients were computed after reverse-coding Items 13 and 14. McDonald's ω values correspond to ω-total estimates. Reliability estimates were derived from repeated observations contributed by participants across both robot platforms and should be interpreted as descriptive estimates of internal consistency rather than estimates based on statistically independent samples.

