Supplement 1: Modified Anesthesia Clinical Thinking Process Assessment Scale (ACTPS)
Instructions for Use: This scale is scored by trained evaluators who review full-length video recordings of trainees handling standardized cases. Each item is rated on a 7-point scale, with 1 = completely inconsistent and 7 = completely consistent. Please mark "√" on the corresponding score based on the trainees' actual performance.
	dimension
	number
	Entry content
	Score (1-7)

	information integration breadth
	1
	Capable of actively obtaining and reviewing all relevant patient information (medical history, examinations, monitoring data)
	

	
	2
	Capable of integrating multi-source information (clinical, imaging, monitoring) to form an integrated assessment
	

	
	3
	Capable of identifying contradictions between pieces of information and attempting to provide explanations
	

	problem identification depth
	4
	Can accurately identify the core issue of the current situation
	

	
	5
	Capable of correlating clinical manifestations with underlying pathophysiological/pharmacological mechanisms
	

	
	6
	Capable of identifying individualized risk factors (e.g., pain sensitivity, drug hypersensitivity)
	

	Rationality of solution formulation
	7
	The proposed treatment regimen is based on clear pharmacological/physiological evidence.
	

	
	8
	The protocol took into account individualized factors (age, comorbidities, type of surgery).
	

	
	9
	The drug dosage and operational procedures specified in the protocol are concrete and executable.
	

	Expectations and comprehensiveness of alternatives
	10
	Can predict potential physiological changes that may occur after the implementation of the protocol
	

	
	11
	Be able to prepare contingency plans in advance for potential adverse reactions
	

	
	12
	Capable of dynamically adjusting the protocol based on monitoring feedback
	


Scoring Guidelines: 7 points: Excellent performance, exceeding expectations, requiring no improvement; 5-6 points: Good performance, occasional flaws but not affecting overall decision-making; 3-4 points: Average performance, critical aspects overlooked but remediable; 1-2 points: Insufficient performance, key decision-making errors or omissions
The Modified "Anesthesia Clinical Thinking Process Scale (ACTPS)": This scale was adapted based on classical clinical thinking assessment tools, integrating the specific characteristics of the anesthesiology discipline and the four-dimensional teaching model of this study. Reliability and Validity Evidence: Prior to the formal study, we conducted a pre-test of this scale (n=30). The results showed a Cronbach's α coefficient of 0.87 for internal consistency and an inter-rater reliability (ICC) of 0.82, indicating good reliability.
Supplement 2: High-fidelity Scenario Assessment Case Script
Case name: Sudden traumatic hyperreflexia during laparoscopic cholecystectomy
Patient background: Name: Zhang Mou, Gender: Female, Age: 55 years, Weight: 65 kg, Height: 162 cm; ASA classification: Level II; Medical history: 5-year history of hypertension, well-controlled with oral nifedipine; No history of diabetes or heart disease; No history of drug allergies; Surgical procedure: Laparoscopic cholecystectomy (elective); Anesthesia method: General anesthesia
Anesthesia induction (completed by trainees prior to operation):
Inducing agents: Propofol 2 mg/kg, Sufentanil 0.3 μg/kg, Rocibromide 0.6 mg/kg
Tracheal intubation was successful. Mechanical ventilation parameters: VT 500 ml, RR 12 breaths/min, FiO2 50%
Maintenance: Propofol TCI 3 μg/ml, Remifentanil TCI 3 ng/ml
Context initiation (when trainees enter the examination room):
Five minutes after the surgery began, pneumoperitoneum was successfully established (pneumoperitoneal pressure of 12 mmHg).
Vital signs: HR 68 beats/min, BP 125/75 mmHg, BIS 45, IoC2 45
Crisis event trigger (activated 30 seconds after trainees enter the examination room):
The surgeon began dissecting the gallbladder triangle and retracting the gallbladder.
Monitoring change: IoC2 45 → 55 → 65 → 75 (continuous increase within 30 seconds)
HR 68 → 85 → 98 → 110 beats per minute
BP 125/75 → 140/85 → 155/90 → 165/95 mmHg
The BIS remained unchanged between 45 and 50.

Key decision points and scoring criteria:
	Key decision point
	Proper management
	code of points

	Primary response (within 30 seconds after the event occurs)
	Evaluation over blind intervention: Monitor pneumoperitoneum pressure and communicate surgical stimulation intensity with the surgeon
	Correct (3 points): Assess first, then decide
Partially correct (1 point): assessed or treated only
Error (0 points): Direct administration of antihypertensive drugs

	Problem identification (within 1 minute)
	Identified as enhanced nociceptive stimulation rather than isolated hypertension
	Correct (3 points): Clearly state that 'analgesia needs to be intensified'
Partially correct (1 point): Only said "high blood pressure"
Error (0 points): Misjudgment of superficial anesthesia

	Intervention measures (within 1.5 minutes)
	Adjust analgesic medications: Increase remifentanil TCI concentration (to 4-5 ng/ml) or add sufentanil
	Correct (3 points): Targeted addition of analgesics
Partially correct (1 point): Add propofol
Error (0 points): Use of antihypertensive drugs alone

	Effect verification (within 3 minutes)
	Monitor changes in IoC2, HR, and BP to confirm intervention efficacy
	Correct (3 points): Wait and observe before deciding the next step
Partially correct (1 point): Reintervention without prior observation
Error (0 points): Failure to monitor therapeutic efficacy


[bookmark: _GoBack]Regarding the High-Fidelity Simulation Assessment Case: Case Design: The case used for the assessment was "Sudden Sharp Increase in IoC2 with Hemodynamic Fluctuations During Laparoscopic Cholecystectomy." This case was collaboratively designed by three senior anesthesiologists with advanced professional titles and reviewed by external experts. This specific case had not been encountered during training and was validated through pre-experiments to effectively differentiate the performance levels of trainees with varying abilities.
Supplement 3: Anaesthetists' Non-Technical Skills Scale (ANTS) (Simplified Version):
	dimension
	clauses and subclauses
	Rating (1-4)

	task management
	1. Planning and Preparation
	

	
	2. Priority Setting
	

	
	3. Resource Utilization
	

	team work
	4. Information Communication
	

	
	5. Authority and Confidence
	

	
	6. Flexibility
	

	contextual awareness
	7. Information Collection
	

	
	8. Information Comprehension
	

	
	9. Predictive ability
	

	Decision-making
	10. Scheme Selection
	

	
	11. Risk Assessment
	

	
	12. Result Feedback
	


Grading criteria: 1 = poor, 2 = passing, 3 = good, 4 = excellent


Supplement 4 NASA-TLX Scale (NASA Task Load Index)
NASA-TLX is a subjective workload assessment tool comprising six dimensions, each scored using a 20-point visual analog scale or Likert scale.
scale construction
	dimension
	name
	description
	End anchor points

	MD
	Mental Demand
	How much mental and perceptual activity (e.g. thinking, decision-making, calculation, memory, observation, etc.) is required to complete a task?
	Low/High

	PD
	Physical Demand
	How much physical activity (e.g., pushing, pulling, rotating, controlling) is required to complete the task?
	Low/High

	TD
	Temporal Demand
	Does task pacing induce time pressure? Is the task speed slow and unhurried, or fast and tense?
	Low/High

	OP
	Effort level
	How much effort (both mental and physical) have you put in to achieve your current performance level?
	Low/High

	PF
	Performance Level
	Satisfaction with the effectiveness of achieving your task objectives?
	Good/Poor

	FR
	Frustration Level
	Insecurity, frustration, stress, and distress versus satisfaction, relaxation, and contentment experienced during task performance?
	Low/High



Standard paper-and-pen version (20-point scale)
Low cognitive demand [---|---|---|---|---|---|---|---|---|--] High
Physical demand: Low [---|---|---|---|---|---|---|---|---|--] High
Time requirement: Low [---|---|---|---|---|---|---|---|---|--] High
Effort level: Low [---|---|---|---|---|---|---|---|---|--] High
Performance level: Good [---|---|---|---|---|---|---|---|---|--] Poor
Frustration low [---|---|---|---|---|---|---|---|---|--] high
Paired comparison weight calculation: Before scoring, participants were instructed to conduct pairwise comparisons of 15 dimensions, selecting those with greater impact on workload. Weight coefficients (0-5) were calculated for each dimension, and the final weighted total score was determined as: Weighted Total Score = Σ (Dimension Score × Weight) / 15


Supplement 5 Paas Cognitive Load Self-Rating Scale (Paas Cognitive Load Scale)
(Note: Paas is the most commonly used cognitive load measurement tool in the education field. This scale is concise and efficient, comprising two core dimensions.)
Please mark the corresponding number with a "√" based on your actual experience during the "Visual-Auditory-Tactile-Quantitative" integrated learning/simulated decision-making task you just completed.
1. How much mental effort did you put into completing this task?
2. [1] Minimal effort [2] [3] [4] [5] Moderate effort [6] [7] [8] [9] Significant effort
3. How difficult do you think this task is?
4. [1] Very easy [2] [3] [4] [5] Moderate difficulty [6] [7] [8] [9] Very difficult
5. How much pressure does the complexity of the task itself (e.g., the need to integrate multi-source information) impose on you?
6. [1] Very small [2] [3] [4] [5] Medium [6] [7] [8] [9] Very large
7. How much additional burden do information presentation methods in teaching processes (such as multi-screen display, animations, and audio) impose on you?
8. [1] Very small [2] [3] [4] [5] Medium [6] [7] [8] [9] Very large
9. To what extent have you engaged in deep thinking (e.g., correlating visual information with pharmacological models)?
10. [1] Very few [2] [3] [4] [5] Moderate [6] [7] [8] [9] Very many

Measurement node:
After completing the "Tactile Interaction" module (post-simulated decision-making task)
After completing the "Mathematical Validation" module (post-PK/PD model analysis)
After the comprehensive assessment of simulated real-life scenarios (post-crisis management task)

Supplement 6 Subjective Learning Experience Questionnaire
Dear students, hello! To understand your genuine feedback on this teaching session and assist us in improving instructional quality, please mark the corresponding numbers with a "√" based on your actual experience. This questionnaire is completed anonymously, and the results will be used solely for teaching research purposes. Thank you for your cooperation! Rating scale: 1 = Strongly disagree, 2 = Disagree, 3 = Neutral, 4 = Agree, 5 = Strongly agree.
Dimension 1: Learning Interest
	number
	clauses and subclauses
	1
	2
	3
	4
	5

	1
	This teaching model has sparked my strong interest in learning clinical anesthesia thinking.
	□
	□
	□
	□
	□

	2
	I am willing to dedicate more time to proactively explore professional knowledge relevant to this teaching session.
	□
	□
	□
	□
	□

	3
	Compared to traditional teaching methods, this multidimensional integration approach makes the learning process more engaging.
	□
	□
	□
	□
	□


Dimension 2: Understanding of Abstract Concepts
	number
	clauses and subclauses
	1
	2
	3
	4
	5

	4
	Through visual representations (such as brain network animations and physiological curves), I gained a more intuitive understanding of the central analgesic mechanism of DEX.
	□
	□
	□
	□
	□

	5
	Auditory narration and case stories helped me connect abstract imaging findings with clinical contexts.
	□
	□
	□
	□
	□

	6
	Tactile interaction enabled me to gain perceptible experience with abstract concepts such as "individualized medication" and "therapeutic window".
	□
	□
	□
	□
	□


Dimension 3: Confidence in Clinical Decision Making
	number
	clauses and subclauses
	1
	2
	3
	4
	5

	7
	Through this training, I have gained greater confidence in clinical decision-making regarding DEX-based precise analgesia.
	□
	□
	□
	□
	□

	8
	When encountering fluctuating traumatic stimuli during surgery, I am more aware of how to promptly implement appropriate interventions.
	□
	□
	□
	□
	□

	9
	Real-time feedback during simulation operations enhances my judgment of decision correctness.
	□
	□
	□
	□
	□


Dimension Four: Cognitive Clarity
	number
	clauses and subclauses
	1
	2
	3
	4
	5

	10
	After teaching, my understanding of how to integrate multi-source information (monitoring indicators, imaging, medical history) for clinical decision-making became clearer.
	□
	□
	□
	□
	□

	11
	I am capable of conducting more systematic analysis of problems—from phenomenon identification to mechanism inference, and further to solution formulation and validation.
	□
	□
	□
	□
	□

	12
	The progressive design of the four instructional components—visual perception, auditory processing, tactile engagement, and numerical cognition—has facilitated the establishment of a systematic clinical thinking framework.
	□
	□
	□
	□
	□


Dimension 5: Overall Satisfaction
	number
	clauses and subclauses
	1
	2
	3
	4
	5

	13
	Overall, I am satisfied with this teaching model.
	□
	□
	□
	□
	□

	14
	I'd be happy to recommend this teaching approach to my fellow students.
	□
	□
	□
	□
	□

	15
	I hope to continue adopting a similar multidimensional integrated teaching approach in future anesthesia training programs.
	□
	□
	□
	□
	□


Open-ended question (optional)
1. Which aspect of the "Visual-Auditory-Tactile-Digital" teaching model left the deepest impression on you? Why?
2. What improvements do you suggest for this teaching model?
The survey has ended. Thank you again for participating!
Attachment: Dimension and entry correspondence
	dimension
	Entry number
	Number of entries

	learning interest
	1-3
	3

	Abstract Concept Comprehension Level
	4-6
	3

	Clinical Decision-Making Confidence
	7-9
	3

	Cognitive clarity
	10-12
	3

	Overall satisfaction
	13-15
	3

	amount to
	1-15
	15



