Instructor Notes
Supplementary Topics

Module Overview
This module connects human behavior, system performance, and emerging
technology, covering:

e Human-centered design

e Performance evaluation (LOS)

e Smart transportation systems (ITS)

Key Message for Instructors
This module ties everything together:

¢ Humans (behavior)

¢ Systems (performance)

¢ Technology (future solutions)

Learning Objectives
By the end of this lecture, students should be able to:

Define key transportation terms such as human factors, LOS, and ITS.
Describe how human abilities and limitations affect transportation design.
Explain the roles of signifiers, constraints, and feedback in user interactions.
Differentiate basic roadway facility types and their ideal conditions.

Apply introductory LOS measures to simple transportation scenarios.
Summarize the main components and benefits of ITS and V2X technologies.

Teaching Flow / Suggested Lecture Structure

A. Human Factors in Transportation (20—25 min)

Definition
e Study of human abilities and limitations in design
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Key Idea

Transportation systems must be designed for:
o Perception
e Reaction
o Decision-making

Why It Matters
e Drivers behave differently (not like fluid flow)
e Design must account for:
o Risk-taking behavior
o Experience
o Demographics

Good Design Principle
e “Good design is invisible”
Instructor Tip:
Use everyday examples (doors, apps, etc.) to explain good vs bad design

B. Mental Models (10 min)
Definition
e Internal understanding of how systems work
Application
e Drivers expect:
o Signals to behave consistently
o Roads to follow predictable patterns
AV Context
e Do users trust autonomous vehicles?
e Do AVs behave as expected?

C. Signifiers, Constraints, and Feedback (15 min)

1. Signifiers
e Indicate what action should occur
e Example: lane markings, signs
2. Constraints
o Limit user behavior
o Example: barriers, medians
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3. Feedback
e Communicate outcomes
o Example: signal changes

Key Insight
These principles guide safe interaction design
Discussion Prompt:
e “What happens when these are missing or unclear?”

D. Level of Service (LOS) Overview (20-25 min)

Definition

e Qualitative measure of traffic conditions
Scale

e A — Free flow

e F — Breakdown
Factors Considered

e Speed

e Travel time

e Freedom to maneuver

e Comfort

Facility Types
1. Uninterrupted Flow
o Freeways
o Highways
2. Interrupted Flow
o Signalized intersections

E. Freeway LOS Analysis (20 min)

Key Characteristics
o Fully access-controlled
e No at-grade intersections
o High-speed facilities
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Ideal Conditions
o Flat terrain
e Wide lanes (>12 ft)
e Wide shoulders
e No heavy vehicles

Process
1. Determine free-flow speed
2. Adjust for conditions
3. Compute flow rate
4. Assign LOS
Instructor Tip:
Highlight difference between ideal vs real-world conditions

F. Multilane Highway LOS (15 min)

Characteristics
e 4-6lanes
e Moderate speeds (40—65 mph)
e Possible access points

Differences from Freeways
e More interaction
o Lower speeds
e More variability

G. Two-Lane Highway LOS (15 min)

Key Features
e One lane per direction
e Passing requires opposing lane

Unique Considerations
o Passing opportunities
o Opposing traffic
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e Terrain effects

Key Insight
LOS depends heavily on:
o Passing ability

H. LOS for Signalized Intersections (10—15 min)

Primary Measure
e Delay
Types of Delay
e Stopped delay
e Approach delay
e Control delay
Key Insight
Interrupted flow # density-based analysis

I. Intelligent Transportation Systems (ITS) (20—25 min)

Definition

Use of technology to improve transportation systems

o Improve safety

e Reduce congestion

e Enhance mobility

e Reduce environmental impact

Core Components
e Sensors (cameras, radar, LIDAR)
o Communication systems
e Control systems
o Data processing / Al
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J. V2X Communication (15 min)

Types
e V2V (vehicle-to-vehicle)
e V2I (vehicle-to-infrastructure)
e V2P (vehicle-to-pedestrian)
e V2N (vehicle-to-network)
e V2G (vehicle-to-grid)

Technologies
e DSRC
o (C-V2X
[ ] 5G

e Edge computing

Benefits
o Fewer crashes
e Less congestion
e Better efficiency
e Supports AV systems

K. Future Outlook (10 min)
Trends

e Smart cities

e Al integration

o Fully connected systems
Key Insight
ITS bridges:

e Human limitations

e System inefficiencies

Key Concepts to Reinforce
e Human behavior is central to design
e LOS is a performance metric, not a design tool alone
o Facility type determines analysis method
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o ITS represents the future of transportation systems
o Integration of human + system + technology is essential

Common Student Misconceptions
e Thinking LOS is purely numerical
e Ignoring human behavior in system design
o Confusing freeway vs multilane highway
e Overestimating ITS capabilities

Suggested Examples / Activities
e Evaluate LOS for different road types

e Identify signifiers/constraints in real roads
e Discuss AV-human interaction scenarios

Assessment Ideas
e Quiz on human factors, LOS, and ITS concepts
e Conceptual:
o Explain human factors role
e Application:
o Determine LOS category
e Discussion:
o ITS benefits and limitations

Closing Summary for Instructors

Emphasize:
o Transportation systems must be:
o Human-centered
o Performance-driven
o Technology-enabled
o Future engineers must integrate:
o Design
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o Analysis
o Innovation

References
o Highway Capacity Manual (HCM)
e Manual on Uniform Traffic Control Devices (MUTCD)
o Standard traffic engineering textbooks
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