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[bookmark: _Toc311791288]Introduction to Human Factors 
· Medical errors still happen (ex: resident removed wrong organ and didn’t get debriefing)
· This course is about how to avoid errors 
· Human factors, for example, is when the surgeon has to look at the procedure in a rush and makes an error by reading too fast
· Internal factors – who we are; our personality; Type A or B
· External factors – everything in our environment 
*Human Factors can save lives
Horrible Disasters 
· Tenerife, 1977 – an island off west coast of Africa – Human factors was involved; has to do with communication and what’s going on
· Three Mile Island, 1979 – operators made mistakes 
· BP Deepwater Horizon oil rig, 2010 – investigations discovered many problems with work environments, communications (human factors)
· Fukushima Daiichi, 2011 – awareness; people knowing what’s going on 
Simpler stuff of everyday life
· Stove – the knobs are not evidently controlling the elements (top controls bottom left)
· Human Factors Engineering: how we perceive things, shapes, etc
· A visit from a friend to his office (SSRB)– from P1 into HCI and ended up in UC because of no signage 
· A tale of knobs and handles – push or pull? (ex: library doors stress him out because he doesn’t know which way to open them)
*Human Factors can increase effectiveness and efficiency
Beyond functionality and utility 
· Ex: 2 gas stations – older and newer – laws of aesthetics, it feels more comfortable to us; looks more organized  
*Human Factors can increase engagement, enjoyment, and pleasure
Human Factors
· People always want to do something (ex: get bus ticket); the broader context is the station (the environment)
· Engineering Factors: (of ticket machine)
· Display
· Control (which we control; we are THE CONTROL)
· Dialogue 
· Whatever the environment provides for me to do what I want to do
Definition of Human Factors
· A discipline discovering information about human behaviour, abilities, limitations, and relationship to the work environment (physical, organizational, cultural), and applies it to the design of safer and more effective tools, machines, systems, tasks, jobs and environments.
Human Factors Framework 
·  The foundation of the pyramid is the task (wanting to do something); the other end is how we did it
· Has to do with what happens in the environment and internal factors such as feelings
· How we collect data, knowledge about what’s going on (research and analysis) then we can go on to the next step 
To summarize...
· Human Factors can...
· Save lives
· Increases effectiveness and efficiency
· Increase enjoyment and pleasure 
Objectives
· Become aware (ex: you can walk into a room and find a problem with the lighting and the design of the room, etc)
· Know
· Apply
· Positive attitude, interest
Course divided in to 3 Sections:
· The Problem (Research and Analysis)
· The Human Factors (Data & Knowledge)
· The Engineering Factors (Design & Testing)
My idiosyncrasies, Hang-Ups, Quirks, and Little Obsessions
· Come on time
· Respond to my emails 
· Check WebCT often!
· Come with laptops, iphones and ipads, or whatever you favour hookup device is
· I may ask you to use it
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Why consider re-design Carleton’s learning commons?
· Cost/benefit
· Re-design to what?
· What’s wrong with current system?
· Go there and suss out environment and what needs to change
· Ask students what changes would be best for better working/study environment
· Observe; whether qualitative or quantitative 
· See what people do
· Inspect, make changes
· Must completely understand what a person’s tasks are in the workspace to be able to begin evaluating what is wrong with the current design, and implement changes
· Ask people what they do; before, during, and after
Where do we do observations?
· In the real space
· Simulator
Data collection approach
· Interviews and demos at a simulator centre 
· Getting familiar with documents (system specs, training manuals, critical incident reports, research literature)
The site visit
· Contacts and stake holders
· Escort 
· Operators 
· Physical layout
· Workflow
Start observation in two sections:
· Passive: out of the way, just basic observation
· Active: try to engage in conversation with the people we are observing
Asking
·  Interview structure
· Open ended
· Semi‐structured
· Structured
· Multi‐phasic
· Narratives
· Walk‐through
·  While working
· Find additional resources to learn what people do in the workplace/system (resources can include documents, videos, audio, interviews)
Archival Data Collection 
· Resources
· Documents, records
· Audio-video
Data Collection Modes
	
	
	Place

	
	
	Same
	Different

	Time
	Same
	Observations
	Phone interview

	
	Different
	Interviews
	Survey Archival


· Same Place, Same Time
· Active
· Passive
· Different Place, Same/Different Times
· Attended, monitored
· Un‐attended, automatic
· Different Place, Different Time
· Survey
· Archival
Data Collection Decision Criteria
· Prior knowledge of analyst
· Place, time
· Complexity of context
· Existing knowledge, data
If you can’t observe...
· Interviews
· Survey
· Focus group
· Simulate same environment
· Find another environment identical to the space you are unable to observe
· *see data collection decision criteria (lecture slide)*
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Aspects of the System/Product
· The system/product
· The user
· The context
Functional Objectives 
· Provide automatic ticket purchase
· Pay in various ways
· Cash/credit
· Pay with any amount and get change
· Pay according to various destinations 
· Get one-way, two-way ticket, or a longer-term pass

What the system/product is supposed to do
· New version of the system
· Reasons: 
· Make it easier for occasional commuters
· Reduce errors
· Make a transition to a new computer technology
Analysis: what does the user do?
· Scenarios: who does what, when, where, and why? Tells the story about the user-normal and problematic. (ex: air traffic management; operating room)
· Profile: target population, segments, persona. Describe the user. Name/title, background, experience, capabilities, tasks, responsibilities, colleagues, chiefs, subordinates. (ticket machine example: primary – daily commuters; secondary – occasional commuters, tourists; stake holders – admin, supervisor, maintenance, etc)
	
	Daily commuters
	Occasional 
	Admin 

	Tech experience
	Low 
	
	

	Domain experience
	High
	
	

	Environment 
	Medium 
	
	

	Training support 
	High 
	
	

	Attitude, motivation 
	Medium/High
	
	

	Capabilities 
	Medium 
	
	



· Task analysis
User Profile: Persona
· Name, title
· Picture, work/interaction area 
· Background, experience, capabilities
· Tasks and responsibilities 
· Daily, weekly, monthly, etc. Tasks
· Colleagues, chiefs, subordinates
· Tools and job aids
Profile/Persona Example
· Avi, PhD,
· Professor of psychology
· Six years in a Canadian university
· Additional eight years in academia
· Specializes in human factors
· Works every day with the exception of Friday evenings
· Reports to the students
· Has travelled in undergrounds and light trains in various places in the world
· Has used automatic vending kiosks
Implied human factors
· Internal
· Not experienced with machine
· Professional in other things
· Able to recover from errors/can deal with stress
· External
· Task: seems simple
· Rushing/other pressures
· Uses visual information
· Uses recovery mechanisms 
School map example/exercise  
Functions of the map:
· Helps you navigate your way around an area
· Directs you in the right path
· Points out to you where you are on the map
Scenarios: 
· users (most likely first year students/visitors)
· user must decode each building, then find building on the map 
· pathways are difficult to navigate through
· more emphasis on illustration of buildings than providing clear outline of pathways to actually get to desired building  
· arrows depicting which direction to go to get to certain buildings are vague and only lead you to general area of where the building might be
***scenario should be told like a story of someone’s daily routine and the problems they face within their work system
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· we are focusing on the bottom tier of  the human factors framework, which describes the environment
System/Product
· Define what the system/product are supposed to do 
· Tell stories about the user
· Describe the user
*There are diverse ways to analyze what someone does 
Objectives of User Analyses >
· What is it that the person is really supposed to do
· What is the machine supposed to do (functional allocation)
· Humans still need to learn and create; make decisions
· Trying to assess reliability of a person in a given environment; accidents are considered human error
· There’s a lot of quantitative and qualitative approaches to assess these errors
Task Analysis Varieties
· We will focus on task structure breakdown & analysing 
*Task analysis is probably the most common way to analyze what someone does
· Developing training curriculum, you will use task analysis
Task Analysis 
· Determining objectives (User Interface Design & Evaluation)
· Data acquisition 
· Task structure mapping (we start by doing general mapping)
· Main tasks & Sub-tasks
· Analysis 
· Verification 
Campus Map Example
· Identify objectives (get to SP)
· Identify additional goals (determine route, read map, navigate)
· Achieve goal 
· He put it together in a simple block diagram (start with main goal, sub-goals, actions in order to achieve their goals {HTA})
*all ‘boxes’ need to include a verb
**this is a structure not necessarily a sequence so don’t use arrows
***be critical and start on scrap paper b/c options could go someone else
· It works with top-down approach, with more concrete actions at top; but it can be done bottom-up if you want 
· Normative (what workers should be doing) or descriptive (what workers are currently doing) task analysis, where we analysis what should be done
· There is no one single correct way of doing task analysis, it is very subjective (daily lives)
· We have to do task analysis HTA graph for assignment (3 meaningful levels) and final exam!
Hierarchical Task Analysis (HTA)
· *In HTA we represent what someone does by their goals, sub-goals, and actions that are required to accomplish them
· Representing the main objectives or main tasks in terms of all the sub-tasks that need to be executed for the main task to be completed and objectives accomplished
HTA Process – Direction & Decomposition 
· From which direction to define the tasks?
·  Does not matter
· Top‐down: “I want to purchase a ticket” ‐‐‐‐‐ How?
· Bottom‐up: “Insert money”. Why? “Because I need to pay”
· Top‐down easier
· Decomposition strategy (broad, deep, or mixed strategy)
· Granularity (what level of detail do we want to get into; what is the objective of our analysis)
· Yes: “Insert money”
· Maybe: Click mouse on menu option
· No:" Contract hand muscles…”
· Not the neural‐physiological level
HTA Process – Goals (Top-Down Approach Ex)
· Setting Goals
·  “I want to purchase a train ticket” (top level)
· Ask “How?” for each goal
· “How do I purchase a train ticket?”
· First decide how much you need to pay, and then pay and then take ticket
· How do I pay?
·  Insert the money
·  How? Determine how much you need to pay and insert in proper slot”
· With Bottom-Up Approach, you need to ask “Why?” instead of “How?”
HTA
· Representing the main task in terms of all the subtasks that need to be executed for the main task to be completed
· Can be descriptive (what users really do) or normative (what users should do)
· A hierarchy of actions and plans
· Often uses a hierarchical numbering systems with the main task represented as Task 0
· Top down or bottom up decomposition
Implications of HTA
	
	Trigger
	Freq.
	Duration
	Cognition
	Response
	Error
	Feedback
	Comm.

	Select Amount
	$ in; visual indication
	Low
	30 sec
	Visual perception; STM; comprehension
	Set amount
	Wrong setting
	Set amount indication
	With supervisor

	
	Indication
	Guidelines
	
	Aids
	Input Means
	
	Indication
	Indication for several users



· “Long” Tabular HTA
· Trigger
· Assessment of frequency, duration
· Required mental/cognitive actions
· Existing, available information
· User response
· Likely error
· System feedback
· Communication with others
· Other concurrent tasks
*In task analysis we identify overt, physical actions, but also implied perceptual/cognitive actions 
Example: Campus Map 
	
	Trigger
	Freq.
	Duration
	Cognition
	Response
	Error
	Feedback
	Comm.

	Determine Route Directions
	Locate destination
	Low
	5-30 sec
	Spatial/Visual working memory; perception
	The route; start navigating
	Get lost
	Looking around for landmarks
	With others en-route

	
	Indication
	Guidelines
	
	Aids
	Input Means
	
	Indication
	Indication for several users


Cognitive Tasks
· Perception (always keep in mind the mental aspect; can scan, do visual search, etc)
· Search, detection
· identification
· Mediation, processing
· Information processing
· Problem solving and decision making (decision is part of the task structure)
· Critique 
· Communication (involves a lot of cognitive actions; use in analysis)
· Motor tasks
· Simple, discreet
· Complex, continuous
Implied Human Factors
· Internal
· Visual perception 
· Thinking, decision making
· Motoric responses
· Effects
· Time pressure
· External 
· Communicating with others
· Using a “machine” with displays and controls
*Flow can, and should be represented by other ways than HTA
· Flow chart
· Represent flow with arrows and plans (yes/no; numbering)
· You often need several flow charts b/c there are many ways of people doing things
· A link matrix and diagram 
· This could be a bonus in your assignment! 
· Describe the stronger points with thicker lines and less strong with dashed lines; include a legend 
· Operational sequence diagram
· Failure mode and effects analysis 
· Indicates all the possible things that could go wrong; like applying Murphy’s Law
· Rear-end collision fault tree 
· Time line and workload (each line is a task)
· Activity analysis (tally what people do; ex: how often people look at map)
· Resource allocation based on activity analysis 
Summary 
· There are diverse ways to analyze what someone does
· Task Analysis is probably the most common way to analyze what someone does
· In Hierarchical Task Analysis we represent what someone does by their goals, sub‐goals, and actions that are required to accomplish them
· In Task Analysis we identify overt, physical actions, but also implied perceptual/cognitive actions
· Flow can, and should, be represented by other ways than HTA
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· Objectives:
· Become aware of various visual perception factors
· Given a problem, you can indentity the associated visual perception factors
· Topics:
· Visual search
· Acuity 
· Colour
Implied Human Factors
· Analysis of ticket machine
· Internal 
· Not experienced with ticket machine 
· Professional in other things she does
· Able to recover from errors, can deal with stress
· External 
· Task: seems simple
· rushing, under pressure 
· uses visual information 
· uses recovery mechanisms 
· Internal 
· Visual perception 
· Thinking, decision making 
· Motoric responses 
· Effects 
· Time pressure
· External 
· Communicating with others
· Using a “machine” with display and controls
*Visual perception is a primary human factor to consider (important to consider how things can be improved and redesigned)
· Name at least 3 visual factors on ticket machine 
· Colour coding the different steps
· Workflow coding (not knowing what to do)
· Too much info is called “information clutter” 
· Organization of Information (shapes of boxes)
· Text – size, font, language (English)
· Symbols and icons
· **We use all these factors to help us find what we are looking for... we are doing a visual search
*Finding something is a big challenge in visual perception 
Visual Search 
· It’s harder to find a key on a big key chain rather than a small one
· It’s harder and takes more time to find the ‘pencil tool’ in paint when icons had no colours
· For many reasons: colour, quantity, size, realism, location 
· It depends on the strategy use in your visual search (as someone was looking at the middle of the boxes and had a harder time finding pencil when at the top of box in 2nd picture)
· **In visual search, we are usually talking about the target and everything else is in the structure to find our target, including distractions  
· As human factors engineers, we need to find the elements in the environment that are the obstacles that are impairing the person from finding the target
· Orientation: 
· Environments are groups with very clear semantics behind it (ex: grocery store)
· Coding in environment helps you find something (ex: library coding on shelves)
· Strategy: 
· looking by groups 
· Obstacles: 
· no visual cues (headings, titles, boxes, font sizes)
· no alignment (acts as visual guide; improves speed)
· Proximity rule: 6 dots and 3 pairs of dots because of some are close and some are further.
Search: What does the user do?
· Psychology website:
· Looks messy and cluttered 
· Too much information 
· Tabs – group information and aid search
· Small text
· Coloured background gives a visual identification of grouping 
· Also proximity and clean lines
·  Ballot use for George Bush’s first election 
· Visual design might have influenced people’s choices (conspiracy theory due to layout of punch holes)
Search and Location 
· Search strategies – random, past experience, nearest to furthest
· On average, people use a linear search strategy 
Hick-Hyman Law
[image: ]
· The more time you spend search, the more likely you are to find your target
· The longer you take, the more choices you have; the more distracters, the more interference to find your target, therefore, it take more time to find target
· In another graph, all lines decreases as the more time we give you, the more likely you’ll find the target; the 2 red curve at the top refer to colour coded items and have higher accuracy in visual search
Visual Search
· Number of elements
· Similarity between target and distracters
· Size
· Colour
· Organization 
· Time constraints (the more time you have the more likely you are to find the target)
*Seeing it doesn’t necessarily mean that you know what it is
· Manipulating to size of the elements tests your visual acuity (ex: identifying letters at doctors)
Visual Acuity: The Visual Angle
· 
· judging size become very important in perception 
· if 2 boxes are different in actual size they might not be different in size on the retina
· the visual angle is a function of the size (height) of the element and the distance from the element 
· in this way we neutralize ourselves in a way 
[image: ]
·  for visual angles less than 10 degrees
· VA = visual angle; H = height; D = distance 
Detection Threshold 
[image: ]
· The minimal size needed to actual detect something = 1 minute of a degree (1/60) from any distance
· Degree are divided into minutes
Visual angle for recognition 
· Correct recognition is associated with the size, visual angle, and resolution
· ***It takes ~15 – 25 minutes to identity target
· Recognition includes: distance, visual angle, and height (formula) 
Visual angle for identification 
· ***It takes ~15 – 25 minutes to identity target dependent on size
[image: ]Photo-receptor distribution in the retina
· Forvina has the highest density of photo-receptors called cones (sensitive to colours)
· The other receptors called rods are disperse throughout the rest of the eye and they are sensitive to dark/light and motion 
Peripheral vision: Detection 
· Monocular vision takes longer to identify something the further out it is
Peripheral vision: Identification 
Electromagnetic Spectrum 
· Only a small area in our visual spectrum can identify colour up to 750 wavelengths
*Colour perception is very dominant...but don’t rely on it too much 
Colour perception 
· When there’s a mixture of all colours we have different shades of gray (light) and black (dark)
Colour Deficiencies 
· Colour Blindness 
· Have some sensors missing
· Monochromacy (1 colour)
· Dichochromacy (2 colours)
· Trichromacy (3 colours – normal)
· Men are more prone to partial colour blindness
Colour Combinations 
· Some backgrounds create better contrasts (black and white)
· Has to do with receptors in the retina
· Red is bad for background; eyes start to flicker because we see it very well 
Psychology of Colour
· Remember that there’s warm colours and cool colours
· Remember cultural significance (ex: black = death in some cultures)
Summary 
· Visual perception is a primary human factor to consider
· Finding something is a big challenge in visual perception 
· Seeing it does not necessarily mean knowing what it is 
· Colour perception is very dominant...but don’t rely on it too much
Carleton Map
· Implied visual factors
· Background/foreground colours
· Text size
· Map details
· Central vs. periphery
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Today
· Objectives:
· Become aware of factors associated with hearing and speech
· Given a problem, you can identify hearing and speech related issues
· Topics:
· Vision vs. Hearing 
· The criticality of communication 
· SDT
Menus
· Differences?
· Pace – at which you are hearing it (too fast?) or reading it (self-paced)
· Efficiency – time consumption 
· Display quality – auditory display would be playing out the options; quality of sound or voice
· Grouping – auditory you have to wait and visual is there in front of you
· Memory load – you have to use your memory more when listening to auditory menu
Visual vs. Hearing 
· Visual is directional 
· Hearing is all around and you can locate where the sound is coming from 
· Hearing has more advantages 
*Hearing is multi-directional; yet linear and sequential 
How does it sound?
· Vision is more directional and hearing is linear and sequential, which can have some problems
· Ex: pilots and air traffic communication can be very poor
*Communication can be matter of life or disaster
Tenerife, 1977
· Aviation disaster of 2 jet liners due to a re-route from a bomb threat
· There was serious problems with the quality of communication (accent of controller)
· Confusion of exit and clearance 
· Organizational factors (pressure)
*Hearing and listening is often separating the signal from the noise
Noise and signals
· Need to have a separation of target from all background noise (auditory and thoughts)
Signal Detection Theory 
· The state in the world: Signal or no signal
· Our response: Detect or do not detect signal
· In detection, we actually discriminate between signal and noise
Distribution of noise and signal
· Ability to detect is influenced by the distance and the signal 
· The less the distance the more likely we will be able to distinguish the noise from the signal
· Overlap between noise and signal reduces the distance 
Stimulus – Response Matrix
· Leads to correct decisions (HIT) and correct rejection (correct rejection)
*Separating the signal from the noise is dependent of the strength of the signal, but also on possible biases (responses)
· There is a mental threshold to determine biases; anything above there is a signal, anything below there isn’t a signal 
· Below threshold there will be MISS and False rejection 
	Response Alternatives
	
	Stimulus Alternatives

	Not There
	There
	
	

	Miss
	Hit
	There
	

	Correct Rejection
	False Alarm
	Not There
	


Receiver Operating Characteristics (ROC) Curve
[image: ]
Summary
· Hearing is multi‐directional; yet linear and sequential
· Communication can be matter of life or disaster
· Hearing and listening is often separating the signal from the noise
· Separating the signal from the noise is dependent of the strength of the signal, but also on possible biases 
Question for you
· Describe the “Cocktail Party Effect” in terms of signal detection 
· Describe the situation of sitting in a noisy waiting room, awaiting for your number to be announced, in terms of signal detection 
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Maclean’s Can Pilots Really Fly Planes?
· All accidents happen when pilot is engaged
· Maybe not having a clear understanding of is really going on
Apollo 13: April 14, 1970
· “Huston we have a problem!”
· They started gathering good information based on how things work, and slowly gained the knowledge of what is really going on
· This helped them manage to avoid a big disaster 
· Knowing how things work (mental models); having certain ideas of how things work 
Today
· Objectives:
· Become aware of factors associated with mental models and situation awareness
· Given a problem, you can identify MM and SA related issues
· Topics:
· Mental models
· Situation awareness
Human Factor Framework 
· We will talk about how people gather information 
Ex: Binoculars 
· “Now I am close to you”; “Now I am far away from you”... His son didn’t have a mental model of how to use binoculars
* We need mental models in order to manage in our environment (something in our head that tells us how it works)
The Refrigerator 
· Your task: Decrease temp in the fresh food part and increase temp in the freezer
· How do you imagine doing this? By a mental model of the fridge (both temp controls in fridge)
Refrigerator Mental Model 1
· Two parts
· Fresh food 
· Freezer
· Regulate cooling or freezing level separately 
· Separate thermostat for each part therefore, we imaging there would be a separate cooling control for each part 
· This model would be more costly
Refrigerator Mental Model 2
· One part
· Only one thermostat and cooling control 
· More cost effective  
Mental Models – Definition 
· Organized knowledge structures that allow individuals to interact with their environment. They allow people to predict and explain the behaviour of the world around them, to recognize and remember relationships among components of the environment, and to construct expectations for what is likely to occur next.
· Intuitive knowledge we build based on experience 
· We slowly build understandings/expectations of things to help us function better in life
Ex: Mental Models of a Car
· Parts – how it works
· Used to get us from point A to point B – how its used
· Speedometer – how it performs 
Assessing Mental Models 
· Interview 
· Stories and narratives
· Behaviour
Turn to heading 30 in a plane – How?
· Part of a mental model is knowing that the compasses work a little differently 
· Maybe the pilot has a mental map of N,W, S, and E
Spatial Awareness (spatial cognition)
· The “You Are Here” Principle on a Map
· Will support who we see ourselves in the real world 
· Ottawa River map had the N arrow pointing down which confused his mental model 
Using a Map
· The 2‐point Principle:
· You want to connect at least 2 points on the map to 2 points in the area, or, connect 1 point and a direction on the map with 1 point and a direction in the area.
· Alignment
· Up is Forward (if not you must perform a mental rotation, which is harder to do in your head)
*We need to know the “where” and “what” in order to manage in our environment
Carleton Map Example 
· Landmarks have an impact and girls need more detail in the environment and guys don’t 
Assessing Situation Awareness
· Questionnaires 
· Real-time interviews 
· Performance
· If performance is poor it could be because they don’t know what’s going on 
Ex: The Air Traffic Controller ATC Game
· Must slow down some aircrafts so they do not collide 
Situation Awareness – Definition 
· the perception of the elements in the environment, within a volume of time and space, the comprehension of their meaning and the projection of their status in the near future Mental models and situation awareness 22 (Endsley, 1995)
· first we perceive and collect information (location, route, etc – in ATC example)
· understand the complications – comprehension 
· project depending on the situation; thinking ahead (ex: plane conflict)
· based on all of these we can make predictions
· new information and understandings (perception) can lead to new comprehension and projection and therefore, different outcomes
SA During Deck Landing 
· study examining the situation of deck landing in a helicopter
· lower a cable to the deck and pull down the helicopter during simulation
· ask them questions during simulation   
Example SA Questions for deck landing 
· What type of landing can you anticipate – free deck or haul down?
· To what distance can you close the ship at this point? Are they ready for the landing
· Is this a green or red approach?
Significant Main Effects for SA Accuracy (for deck landing; Graph – the higher the lines, the better the situation awareness they had)
· But they didn’t project properly
Experience Groups – Accuracy and Confidence Ratings 
· The more situational awareness they had (accuracy), the more confidence they had
Ex: Forest Fire Fighting 
Example for SA Questions 
· What is the current direction of the wind?
· What is the forecasted (future) wind direction?
· Are all firefighting vehicles currently occupied (moving/firefighting)?
· Is a human populated area currently on fire?
· Situation Awareness 
Ex: Cardiac Surgery 
· Situation-related Communication 
· Surgeon to Perfusionist: “clamp is on”
· Perfusionist to Surgeon: “the pressure is the same‐it is not up”
· Surgeon to Perfusionist: “is your vent still on?”
· Perfusionist to Surgeon: “yes”
· Surgeon to Perfusionist: “turn it off”
· Perfusionist to Surgeon: “pressure is still the same”
· Surgeon to Perfusionist: “OK”.
	Category
	Explanation
	Example

	Drug Administration 
	Medication request, administration, administration confirmation
	“Heparin is in”

	Patient Status
	Patient status such as vitals, flow, pressure, echo and ACT levels
	“ACT level is 485 now”

	Medical Action
	Requested or announced action pertaining to medical process or procedure
	“Up on vent”

	Equipment
	Request or confirmation on equipment adjustment, retrieval or validation
	“Bring Onyx25 valve”

	Transition
	Requesting, announcing, or confirming information related to the transition between surgery phases
	“Are we ready to go on pump now?”

	Time 
	Elapsed time since an action, or
drug administration, or time to
wait to administer or take an
action
	“1.5 hours since cross-clamp
is on”


*MM-SA match can benefit performance; MM – SA mismatch can cause problems 
Mismatch ex: surgery room 
Possible Obstacles to SA
A question for you...
· Is this older man driving involve a mental model or no situation awareness?
· He got into an accident 
October 21st, 2011
[bookmark: _Toc311791295]Guest Lecturer (Tim Moore) – Physical Ergonomics
· Ergonomics is very related to psychology as it involves the physical side of products, posture, how your hand works using a product, environment, lighting conditions and how it can affect you
· Interaction between physical ergonomics and the psychological side of products 
· With an Iphone you have to use a slider control on a screen base design, but its hard to unlock in one hand; if the slider was up and down it would be so much easier 
· In 1985 a touch phone was designed, because he was annoyed with buttons; it was made and only sold to ceos of companies because of how expensive it was back then 
· Ergonomics and human factors are pretty much equal in his eyes 
Ergonomics 
· The environment:
· Material involved (e.g. gravel, snow, clay)
· Climate (e.g. winter)
· Weather (e..g heavy rain)
· Workplace (e.g. garden flower bed)
· Work pressures (e.g. rush)
· Social culture (e.g. macho hardworking or lazy)
· The user can be thought of as being alone (attitude, tired, older)
· Can influence your use of a product 
· Product (spade size, handle length, etc) 
· Task (dig, shovel, compact)
· This is where ergonomics is a factor; don’t always blame the person as there are many factors
Ergonomics concerns 
· Physical characters of users
· Size, strength, endurance, flexibility
· Anthropometrics (how you collect info ~ how tall ppl are), biomechanics, and kinesthetics
· Psychological characteristics of users
· Sensory, motor, cognitive, social factors, cultural concerns and politics 
· Physiological/Biological
· Muscle activity, heart rate, temperature control, diet, sleep and diurnal rhythms
· Biology and biochemistry
Size matters – how to quantify?
· Through mean and standard deviation; size is usually a normal curve
· Have to determine a cut-off point (e.g. take off tallest 2.5% and shortest 2.5%, which = 5% of the population) 
· Have to work out how to adapt to situation (ex: tall people - size of door is designed for more than 97% of the population; obese people – size of aisles on a plane)
Anthropometrics 
· The Romans thoughts of the usage of space with a naked man
· But in reality no one is even naked
Physics 
· The physical world follows rules:
· Mass (ex: walking on the moon you have to jump-walk and you stop right away because your mass is pushing you)
· Inertia (keeps you going, related to mass; ex: people used to fight is axes but realized that all of their mass was on the end and took too long to hurt and therefore swords were better)
· Force (bigger is better)
· Friction
· static friction – keeps something at the same speed (ex: a car tire touching the road) 
· dynamic friction - stops the car
· Etc
· Physics governs the environment, tools and the user
· Lifting has to do with biomechanics (ex: lighting a tv with the heavy part close vs. far)
Physics of tools
· Weed whacker has a battery, handle and motor
· The configuration of these items governs the moment of inertia
· [image: ]This battery has been placed on a harness 
· The handles are adjustable  
Physics of people 
· Biomechanics is concerned with 
· Skeleton of rigid bones and joints 
· Skeletal muscle to activate the bones
· Nervous system to signal and sense
· Metabolic processes for energy and waste
· The application of mechanically principles such as levers and forces to the analysis of body part structure and movement 
The skeleton is a tensegrity structure
· The human body is more like a suspension bridge and is in constant action and reaction
· Ex: How your feet are placed (unsupportive shoes) affects your knees and your back 
Types of arm joint
[image: ]
Consider the arm as a lever
· Muscle force 225 kg 
· Mass in hand 15 kg but you wouldn’t want to hold it for too long 
The human hand 
· The human hand is complex structure of bone, tendons, ligament, blood vessels and nerves
· The complexity of the brain was evolutionary linked to hands, as they freed up the front limbs (from 4 legged to 2)
· Hands and wrists are very dynamic as they can move in a number of positions. Carpal tunnels syndrome when hands/wrists are left in the same position for a period of time, it cuts off the blood supply to the hand and therefore it gets inflamed and sore  
Power vs. dexterity 
[image: ]
· [image: ]Men and women drip differently due to their strength; men tend to grip with more flexibility 
Carpal tunnel syndrome 
· The hand is kept small and flexible by locating the muscles that power it in the bulky forearm. The fingers are moved by tendons leading from the fingers through the wrist (carpal in Latin) tunnel
Using controls 
Control placement – cameras 
· On a film camera placement was determined by the internal structure
· On a digital camera the placement is less restricted by the contents
Controls – coding and use
· A clothing iron with red, blue, and black buttons can be problematic
· Colour coding is an issue for people who are colour blind 
Stereotypes (natural or learned)
· Stereotype directions (natural)
· Related to the body 
· Learned (cultural) expectations
· Ex: left to right and top to bottom 
· Ex: red is hot and blue is cold 
· Example (submarine antenna deployment)
Self-evident Affordances 
· Mercedes seat position controls move in many directions and are shaped like the driver’s seat; they can also be programmed for 2 different people
Keyboards
· The most sophisticated use of buttons
· Pre-dates electronics 
· In 1916, calculators had an upward design 
· In 1950s calculators were redesigned downwards 
Haptics, tactile and force feedback
[image: ]
Environment 
· Climate
· Noise and vibration 
· Lighting
· Psychological/social
Defensible space – Personal
· Privacy is particularly sought in public places
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Outline
Early thoughts on safety (she used to believe...)
· Don’t break rules or make mistakes 
· No equipment failure
· Pay attention to what you’re doing 
· Follow standard operating procedures 
· ...Things are safe
Safety ≠ Zero Risk
· We humans being are willing to tolerate some level of risk to live but there are risks everywhere
Balancing competing priorities 
· Most companies are in service to make money 
· The key is to balance safety and service 
· [image: ]Litigation (company gets sued of forced to close due to unsafe standards) is possible
Reason’s Model (“Swiss Cheese”)
· Accidents rarely happen for a single reasons, there’s always a number of factors that lead up to the accident 
· Looks like a linear sequence of events leading to accident 
· Ex: company wanted to buy white vans of the aircraft runway during the winter =accident 
Sidney Dekker – understand human error
· Safety is never the only goal 
· People do their best to reconcile different goals simultaneously 
· A system isn’t automatically safe
· Production pressures influence trade-offs
· Impact on safety; don’t understand the consequences of actions 
· Systematically connected to people tools, tasks, and operating environment
· Important to look at human error in this context; who provides this context, usually the company (established the priorities, procedures, etc)
Why focus on Management?
· Management decisions have a wider sphere of influence on operations 
· Management decisions have a longer effect
Why change?
· The traditional approach to safety management has been based on:
· Follow standard operating procedures 
· Compliance with regulations 
· Don’t make mistakes 
· Reactive response following accidents 
· This has been proven insufficient to reduce accident 
· Managing to reduce risk to avoid aversive outcomes didn’t get her company that far; if # of flights increases, the # of accidents increases
· Had to find a way to reduce the rate of accidents 
· Reason said that if an inspector was put on every plane there would not be any less accidents because safety has to come within the company
Safety Management Systems (SMS)
· SMS integrates safety into all daily activities:
· SMS requirement – Transport Canada 
· Accountable executive
· Corporate safety policy and measurable safety goals 
· Identifying hazards
· ..... (add more)
Main Elements of SMS 

Drift
· “Drifts is generated by normal processes of reconciling differential pressures on an organization (efficiency, capacity utilization, safety)....
Alaska Airline Flight 261 (January 2000)
· Trim wasn’t lubricated and trim wouldn’t work; loss of control due to lack of aerodynamics 
· Trim lubrication schedule was reduce to 2500 hours from 3500 hours; then was brought up to every 5000 flying hours (because something didn’t work)
· Who decided to make the change??
Normalization of Deviance 
· Ex: driving a 110km/hr on 100 highway, society and police accept this deviance unless you’re driving 120 
Hazard Identification 
· The whole point is to find trouble before trouble finds you
· However
· It is difficult to predict all possible interactions between seemingly unrelated systems (aka: complex interactions 
Risk analysis 
· Challenges: 
· Inadequate assessment of risks posed by operational changes (drifts into failure, limited ability to think of all possibilities)
· Deviations of procedure reinterpreted as the norm 
· Quote: another factor is that people forget to be afraid; internal vigilance is key to safety 
Employee Adaptations 
· Difficult to detect from inside an organization as incremental changes are always occurring 
· Front-line operators create “locally efficient practices”
· Why? To get the job done 
· She prefers the term adaptations (as opposed to deviations) to the rules to get the job done
SMS: Incidental reporting 
· Challenges:
· Determining which incidents are reportable 
· Analyzing ‘near miss’ incidents to seek opportunities to make improvements to system 
· Shortcomings in companies’ analysis capabilities given scarce resources and ....
· Performance based on error trends misleading: no errors or incidents .....
· ...................
· 
SMS: Organizational Culture
· 
SMS: Accountability 
· To criminalize or not: That is the question 
· Europe has the tendency to criminalize human error 
· According to Dekker... 
· Elements of “Just Culture”
· ADD MISSING SLIDES
Summary 
· Adverse outcomes (accidents) are a result of a complex interaction of human, technically, and environment factors that are very difficult to predict  
· People at all levels in an organization create safety
· ‘near-misses’ must be viewed as “free opportunities” for organization learning 
· ............
· 
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*Human error is associated with most accidents
· “Human error” appears in many accident headlines!
Human Error in UAV Flying
· Most flying accidents happen during training 
*Human error is probably NOT the root cause of most accidents
[image: ]The Swiss Cheese Model 
· The cheese slices are like our lines of defence;  but they have holes in them; if the holes are aligned then some kind of an accident happens 
· Ex: Patient safety 
· Patient got the wrong blood going into an operation 
· Possible Causes: 
· nurse not checking wrist band (We could stop here and say – human error – it was the nurse)
· Anestheist not signing form (again – human error)
· Mix-up between previous patient and current patient 
· Previous poor relations between anestheist and nurse
· Bullying personality where no one wanted to talk to doctor
· Communication climate 
· Many lines of defence not lining up 
*Look for latent failures behind most accidents
Three Mile Island (TMI): Loss of Coolant Accident (LOCA): Chronology
· The holes in the defence lines: Not detecting leak, Lack of emergency training, Maintenance procedure violation, Poor human factors engineering (control room) 
· Two week before the accident:
· Backup cooling pumps shut during routine maintenance
· Did not re‐open when returned to routine operation
· [image: ]Failure in the sensor indicating state of the backup valves position
· Green did not necessarily mean valve completely shut
· Above failure was known
· March 28, 1979, 04:00:32:
· Pump of main cooling system trips
· Backup pump activated automatically
· In the meantime, temperature and pressure in the core rise, causing the PORV to open, and activate the mechanism for shutting down the reactor
· Backup pump does not work: it was not re‐opened after the maintenance
· Pressure down in the core, PORV closes only partially; indicator – closed; there is a leak
· Look for the latent failures behind most accidents
· Given latent failures, human error can be linked to various psychological mechanisms
· March 28, 1979, 04:02:
· Another pump starts injecting coolant into the core
· Operators think the PORV is closed and are concerned there will be too much water in the core
· They shut the coolant injection
· March 28, 1979, 04:08:
· The shut valves in the emergency system are discovered.
· The leak in the PORV is still not discovered
· All pumps are vibrating very hard; operators close them.
· Reducing chances of cooling the core
· March 28, 1979, 05:30:
· About 60% of the core are damaged
· Radioactive waste flows to the adjacent structure; it is not radiation protected
· Radioactive gasses are released to the atmosphere
· March 28, 1979, 06:30:
· Experts and consultants discover the faulty PORV
· Loss of cooling is stopped
· March 28, 1979, 07:30:
· Emergency state is declared
· Core is covered with coolant
Basic Taxonomy of Human Error

Rasmessen’s RSK Model 
· Conscious 
· Knowledge based
· Rule-based
· Skill based
· They act as a continuous process
Skill-based error mechanisms
· “Lost” in sequence
· Forget to release hand-brake 
· Motor variability 
· Press on acceleration too hard, turn wheel too fast 
· Habit takeover 
Rule-base error mechanisms 
· Disregard to special circumstances
· Keeping distance in slippery conditions
· Short‐cut
· Engine hot because of water (oil?)
· Matching bias
· Fill in water and not check oil
· Skipping
· Not setting hand‐brake in standard gear car
Knowledge-base error mechanisms 
· Wrong diagnosis
· Temperature gauge – yes; Oil gauge – no.
· Supposition
· Temperature has to do with water (not with oil)
· Lack of information gathering
*Given latent failures, human error can be linked to various psychological mechanisms 
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Public information officer for the Ottawa fire department 
*Ottawa has a tiered response system: Firefighters, Paramedics, and Police
Typical Fire Incident; Human Factors:
· Preplanning by looking at buildings (helps to know what they up against)
· Training: entanglement (wires from ceiling on the ground) – self-rescue training 
· Once alarm goes off they get information by who called it in
· Can’t make a decision without info
· They have to think about the weather (if it’s hot, guys will get fatigue, which affects decision making; if its winter have to wear additional clothing)
· Time of day also matters 
· Vehicles might give them an idea of how many people are in the building
· Road layout, vehicle placement, placement of hoses, hydrants, etc all have to been taken into affect
· Ambulances have to be taken into consideration; must get by 
· Size-up: is a 360 around the building to get an idea what they are up against 
· Ex: downtown buildings only have 2 walls of support, the other 2 walls a=can easily collapse 
· Collapse time has then been reduced
· When a firefighter can collapse through the floor
·  Decision making process is based on information 
· Smoke conditions (density, colour, etc)
· Depending on the stage (exposure), firefighters decide to go into a building 
· Pre flashover stage: fire and gases build up 
· Prerollover stages: when the flames continue 
· Flashover stage: when everything in the room takes into flames 
· Backdraft stage: windows will rattle and smoke comes in and out; fire is running out of oxygen
· Ventilation reduces the chances of flashover; it also increases visibility  
· Pushing the fire towards the open ‘ventilation’ window
· Thermo layering is when heat comes over when ventilating 
· Rank order organization; juniors must listen to commanding office
· **Communication is key, especially because they can’t see each other inside the building
· Radios are crucial for communication; some have repeaters (to repeat what someone said)
· But they still rely to person to person communication 
· **Information goes hand in hand and is also very important 
· Ex: when a firefighter got onto the scene with a tunnel vision of putting out the fire; created problems because he put water into the ventilation window when guys were inside 
· Thermo imagers: military technology that detects heat; doesn’t get to the scene right away ~15mins
· Accountability: keeping track of everyone that’s there; someone is appointed this position; precaution for explosion 
· Rapid intervention team is sent out if someone is missing 
· Tactics:
· Offense: offensive attack going in to rescue
· Defence: slowly going in to put out the fire; prevent damage
· Language:
· In Ottawa it has to be English 
· In Rockland it is French 
· Be aware of surroundings; commanding officer will let you know 
Motor Vehicle Collisions; Human Factors
· Goal: fire safety and patient care until ambulance gets there 
· Execration: usage of jaws of life 
· As time goes by, people operating it gets stressed out, which affects their abilities; they send in another firefighter and he gets it
· Emotions can become a big problems, they can affect judgements and thinking process
· If someone is emotional, they will be put on simple tasks not requiring crucial decisions – ex: close to the rehab truck (after fire, firefighters go to rehabilitate; drink)
*everyone must check with commanding officer at green light post
Development of standard operating procedure (SOP)
· After a fire, they all sit down and figure out how to better themselves, better situations, and try to develop an SOP for the next time
· Share what everyone did and what worked
· Now there are visual LCD displays on lens to indicate oxygen levels, as well as an alarm
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· Starting to talk about the engineering factors today
· Devices that firefighters work with: 
· beeper, fire truck, display on mask, accountability suitcase (low tech – white board) 
· Objectives:
· Become aware an approach to defining display requirements
· Given a problem, you can determine the relevant display requirements
· Topics:
· Required information
· Info characteristics and details
· Info criticality and rate of change
Human Factors Framework
· Visual detection
· Recognition
· Understanding
· Visual acuity 
· Colour perception 
· Visual search 
· Perception 
· Communication 
· Verbal info – communication
*Displaying information to the user is a critical factor in enabling desired performance or experience
The basic questions
· What do we want to display? In the case of the treadmill 
· What is the domain? 
· What is the user task? Get fit, run, workout, build cardiovascular endurance, train
· What is the info for that task? Pace, distance, heart rate monitor, calories burned, time, incline
· Task examples: 
· go to SSRB > check map (directions)
· keep speed under 110 > speedometer (speed of car)
· monitor temperature in airplane > temp gauge (temp)
· how much time till the end of the lecture > clock (time)
· What are the information characteristics? Min/km, heart beats per minutes, meters, time elapsed or left, angle
· go to SSRB > check map (directions)>”u r here”
· keep speed under 110 > speedometer (speed of car) >acceleration
· monitor temperature in airplane > temp gauge (temp) > rate of temp change
· how much time till the end of the lecture > clock (time)> time elapsed
· What is the required level of detail?
· What does the user do with the information? What will help with the objective of the task? For angle: Show level in degrees – 0-25degrees, incline 5degrees 
· Minutes, seconds, etc
· Helps use determine how detailed  we should be 
· Ex: different temperature gauges with and without information
· What is the expected level of tolerance for errors?
· Worse cases scenarios for different crucial temperatures 
· Possible consequences 
· What is the required rate of update? Depends on level of detail
· How do we want to display it? Next week 
*Before designing or evaluating a display, you need to define what you want to display
*Define the nature of the information to be displayed and the required level of details
*Not all information is equal. Some is more critical than other
*Not all information is equal. Some changes more often than other
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· 
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The Engineering Factors 
· Display
· Control
· Dialogue
Today’s Session 
· Objectives:
· Learn about control types
· Given a problem, you can determine the relevant control type
· Topics:
· Taxonomy for controls 
· Criteria for selecting controls 
Control Properties 
· Controlled function
· Human channel (hand, finger, foot, gaze, speech...) What part of the body we need to use
· Human control action (push, pull, press, rotate,...) What would be the control action (ex: with hand, push or pull, etc) that is needed to achieve the goal
Control Classification
· Examples:
· Using an ATM would be discrete (yes or no; right or left): very short lived
· Controlling a car’s speed: continuous 
· Controlling a radio is discrete, you just choose a channel or it can be continuous by switching through all channels 

Assessment Criteria
· The required space would be the available space that we have 
· Likelihood for erroneous activation (for making an error; would it be easy to make an error; what are the consequences for making an error)
· Feedback effectiveness 
· Visual (ex: stick shift – when you’re unaware of what gear you are in, is there visual feedback?)  
· Haptic (physically felt feedback; could be pressure, touch, feel, temperature, vibration, etc) 
· Effectiveness as part of a group (ex: push and pull controls on a dash; are they effective together?)
· Effectiveness in operating similar controls concurrently (very effective; ex: light switches)
· Effectiveness in operating as a part of multi-function controls (a mouse is multi-functional, with different push buttons and rotary thingy)
*The control type should be appropriate to the control parameters and characteristics in the task
Control Assessment 
*we should use this table to categorize the controls 
***This table will be on the exam with a few controls
	
	Space
	Incidental Activation
	Feedback Effectiveness
	Effectiveness as part of a group
	Effectiveness in operating similar controls concurrently
	Effectiveness in operating as a part of multi-function control

	Push Button
	Little
	Depends; eject button close to u can be dangerous; put a guard on it; can make it resistant 
	Depends if u can c it pushed in or not; momentary button not easy to c (push in and comes out; not much haptic feedback); Can put a light in it; Can get auditory feedback; 
	Depends what the other controls are; depends on access to it  
	Yes; (ex: keyboard)
	Yes, pretty effective; depends on neighbouring controls

	Toggle
	
	
	
	
	
	

	Rocker
	
	
	
	
	
	

	Rotary Selector 
	Little
	Depends on proximity to other controls; can be accidentally turned easily unless it has resistance
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


Controls Classification
· Push Button: Discrete, Linear (up or down; sideways), and Uni-directional
· Toggle (light switch): Discrete, Linear (up or down; sideways), and Uni-directional
· Rocker (button that rocks between 2 positions; used to set parameters – up or down): Discrete, Linear (up or down; sideways), and Uni-directional (the control itself is discrete because you only do one movement, but the outcome (ex: more $ could be continuous if you hold your finger on one side – don’t get it confused) 
· Rotary Selector: Continuous, Circular/Rotary, Uni-directional (if it clicks and stops in different positions then its discrete; if it keeps going then its continuous with more accuracy like decmals) 
· Push-Pull Knob (you need to push the button to pull out the choke in an older car; colour, shape, can help distinguish different functions) , Pedal, Slider, Lever: Continuous, Linear, and Uni-directional
· Lever: Continuous, Linear, Circular/Rotary (if it has more degrees of freedom), and Multi-directional  
· Joystick/Miniature Joystick (in the G spot of the keyboard; has more degrees of freedom): Continuous, Linear, Circular/Rotary, Multi-directional
The Joystick
[image: ]
Displacement: Full hand movement; isotonic joystick
Isometric thumb: only thumb involved; more or less pressure controls it
 Isometric finger: only finger
Performance with joystick
[image: ]
· It’s better to use isometric controls if time is critical; or depending on how much space we have (its smaller)
Control Classification Con’t
· Steering Wheel: Continuous, Circular/Rotary, Uni-directional (Can it be multi-directional too?)
· “Mouse”: Continuous, Linear, Circular/Rotary, Multi-directional
· Touch: Discrete (as if we are pressing buttons), Continuous (can slide finger), Linear, Circular/Rotary, Multi-directional
· Space ball: Continuous, Circular/Rotary, and Multi-directional 
Performance with some control s
  [image: ]
· Speed: touch screen best to displacement joystick worst
· Accuracy:
· Preference: 
Classification con’t
· Data Glove: Continuous, Linear, Circular/Rotary, Multi-directional 
· Gaze (there is machine that tracks eye movements and will activate functions depending on position of the eye): Continuous, Circular/Rotary, Multidirectional 
· Speech: (you talk to it and it turns it into text) continuous, but could be discrete
Multi-Function Control 
[image: ]
*The control type choice depends on the space it takes, available human activation channel, need for feedback, and relations to other controls 
Control Types – Summary 
	
	Continuous
	Discrete

	Linear
	Joystick
Trackball
Mouse
	Pushbutton
Slider
Toggle
Rocker Push-Pull

	Circular/Rotary
	Selector
Thumbwheel
	Selector
Thumbwheel


Question for you
· Treadmill: Rocker to do increments of 5 degrees would be discrete; rocker continuously changing for every degree would be continuous 
· Change incline
· Determine controls
Control resistance
· Using resistance to provide feedback
· Magnitude of the movement 
· Required force to activate/move
· Displacement – isotonic
· Force – isometric 
· Static resistance
· Initial force
· Effective in preventing accidental activation 
· Elastic/Variable resistance
· Resistance varies with movement (spring-based)
· Provide feedback of controlling the system directly
· Combination of isotonic and isometric 
· Effective for tracking tasks (compensatory)
· Effective for critical controls (“Dead Man’s Switch”)
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Display-control compatibility 
[image: ]
· Research shows that when controls are compatible with the screen there is a lot more accuracy (left buttons to left of screen)
· Ex: stoves and knobs can be in different placements
· Best if controls corresponds with placement (o mistakes with #1)
Display Movement 
· Works best if you have to turn or pull in the same direction as the function 
*Control movement should be compatible with the corresponding and resulting movement in the display
Control-Display Ratio
[image: ]
High control sensitivity; High gain		Low control sensitivity; Low gain
Less time					More time
 Display Control Integration
· In continuous control of quantitative setting
· What are the relationships between
· Control movement
· System response
· Display response
· Two primary human actions:
· Course, gross movement towards the “target” (speed)
· Fine tuning towards the target (accuracy)
· The speed accuracy tradeoff; how important each are given a specific task 
*To reach your target fast – use a low control-display ratio; to reach your target accurately, use a high control-display ratio  
Movement speed and accuracy
· Started with the problem of pointing, especially when interacting with systems such as computers and tablets 
· How long does it take to point to the target; the larger the target is the faster we get to the target 
· The farther it is, the longer it takes to get to
· Movement time is related to distance from target (A - amplitude) and size (W width)
· Fitts Law (1954)
· MT=a+b log2 (2A/W) – index of difficulty
· Not applicable in very fast movements with no visual feedback
Index of difficulty 
[image: ]
· ID (index of difficulty) = log2 (2A/W)
[image: ]
· 3 is an index; useful to compare to other indexes 
· 4 means it is more difficulty to accurately get that target 
· Strange to see that the large target that is further is the same as a small target closer (4)
Movement profile 
· Profile: time, distance from target, and target 
· How much distance do we cover as a function of time
Movement profile variability 
Speed accuracy Trade Off 
· If you want to be fast, you will not be as accurate
· If you want to be accurate, you will not be as fast
Some implications 
· Menus on computers: Edit > big target > little target for sub menu to keep it open 
· Cameras: vertical vs. horizontal arrangement and accuracy:
· Vertical buttons are better for accuracy (less errors)
· But depends on available space
· Horizontally we are less accuracy therefore, give the buttons more space (i.e. width) so people can be more accurate  
*Targets closer and larger are easier to attain than smaller and further; if it must be far – it should be large to support speed and accuracy 
Tracking (Continuous Movements)
· Ex: keeping in your lane (relative to the lines), parallel parking (relative to the curb), mazes 
· A task requiring continuous control of the position or quantity (the controlled element) relative to a target objective
· For example:
· Driving
· Flying
· Piloting ships
· Tele‐robotics
· Telemedicine
Tracking performance
· System dynamics
· The target:
· Fixed, constant (ex: highway driving)
· Variable (ex: driving on curvy road; dynamic)
· The feedback 
Changing target in tracking 
· Transient (changes once and a while)
· Step (_|once)
· Ramp (/)
· Continuous
· Periodic (~~~)
· Random (~/-\...)
Control Order
· Position control (Zero order)
· Position change of control – position change of controlled element
· Velocity control (First order)
· Position change of control – velocity change of controlled element
· Acceleration control (Second order)
· Position change of control – acceleration change of controlled element
Control order and target behaviour
Tracking Types
· Compensatory 
· Fixed target (curb) and moving controlled element (car)
· More errors with this type
· Pursuit
· Moving target (winding road) and moving controlled element (car)
· More information with this one; the gap could be because or something we did or the target
· We make less errors with pursuit b/c of info for the gap 
Tracking performance
· The more info (continuous feedback info) towards a target = less errors
Predictor display
· Aviation came up with this to make landing easier 
· A tracking device 
· Ahead of displays in planes to aid in landing 
*Avoid acceleration type tracking (2nd order), use pursuit tracking, and provide predictor display
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Today’ session
· Objectives:
· The components of HF evaluation and testing 
· Planning the study
· Topics:
· Timing of the rest 
· Test design  
The 4 Tier Model of HF Research

←Extend of Generalization to Many Products→
· Level of Focus on a Specific Product
· Firstly, we need to ask if the system useable or not (everything we know about the context)
· Interested in the design of the product; strong focus on the product (did they do things right?)
· Must test to come up with guidelines 
· Slowly broadening the scope of what we are looking for in research 
· Dealing with working memory –specific design problem (in the BB ex)
· Lower we are in the pyramid, the more we can generalize to all products 
· Usability and comparative we be the focus 
HF & E Evaluation and Testing 
· When?
· The product grows until it reaches full maturity (peaks) and then declines (influences new vision with a new function)
· Life cycle contains lots of little cycles inside; 
· Envision, plan, design, develop, test, release (continuous cycle)
· Feedback (in a lab or using) contributes to the cycle 
· Formative
· Summative 
· Is it easier, less costly, and you are able to make as many changes as possible in the early stages (concept)
*Test early, save money
HF & E Evaluation and Testing 
· What?
· System performance
· User performance with system
· User performance with system 
· Goals and tasks (user research; what do they what to do with the product)
· Product/system (what it has; displays, controls, physical layout) 
· Human (cognition, physical aspects, etc)
· Environment (what happens in the broader context; noise, lighting, vibrations, etc)
[image: ]
*In the human factors discipline we test the machine by examining human performance with the machine 
HF & E Evaluation and Testing
· How?
· Research methods
· Measurements and metrics
· Data collection 
· Analysis 
General Research Methods
· Controlled (in a lab or in the field)
· Un-controlled, Ex Post Facto (quasi-experimental)
· Inspection, Evaluation
· Compliance
The Controlled Test 
·  Independent, explaining variables 
· Dependent, explained  variables 
· Testimonials require trust
· Everyone does a cost-benefit analysis of perceived risk 
The Test Design: Variables 
· Experimental Group: (need a control group)
· Manipulation of the independent variables 
· Measurement of the dependent variables 
· Ex: testimonials are a measurement of trust and risk perception 
The Test Design: Threats to Design Validity
· External events 
· Effects of testing 
· Selection (it is never random, especially with first year PSYC students)
· Ambiguous effect of independent variables 
The Test Design: Control 
· Any means that can rule out threats to the validity of the experimental design:
· Comparison – The control group (trying to eliminate all possible confounds)
· Reduce variability 
The Experimental Design 
· Ex:
· Hypothesis: the presence of testimonials with high-price products will raise trust and lower perceived risk
· Experimental group: testimonials 
· Control group: no testimonials 
The Self Checkout Case Study
· Context
· Objectives 
· Setting up the test
· Independent variables 
· Measurements and metrics
The Human Factors
The Environmental Factors
The Engineering Factors 
	The Engineering Factors
	Explanation
	Application

	Touch screen 
	A unit combining display of information and
controls; activated by touch
	Used to start the process, to view the prices, and the total, used to view the weight and the respective cost

	Scanner
	A unit capable of reading bar codes; requires to
place the product above it
	Used for scanning and reading bar codes of products and the product name and price appear on the touch screen

	Weight
	A device used for weighting products
	Used for weighting products that do not have a bar code; the weight and cost appear on the touch screen


	Payment Device
	A device for inserting wither debit or credit cards,
entering required parameters
	Used for paying after all products have been scanned successfully

	Basket/Bags Location
	A space dedicated to placing bags
	Placing the bags or boxes used for packaging all the products

	Overall Machine Layout
	The arrangement of all elements in the machine
	The placement of the scanner and the touch screen relative to each other, and the placement of the payment device relative to them



Implications 
· Are the “Engineering Factors” appropriate?
· Overall layout: bagging too far from scanning (requires too much physical movement)
· Overall layout: payment too far from info screen 
· Do any of them introduce additional constraints and limitations?
· The frequent need to move from the scanning to the bagging place after each product;
· The shopping info is not in FOV (field of view) when paying
· What is the problem? Not in the field of view 
· Based on HF analysis, gives us our research questions; lets test these questions; seems to be a problem; lets test to see if it’s really a problem 
Test Design Variety
	
	
	
	Number of Values for Each Variable

	
	
	1
	2
	2<

	Number of Independent Variables
	1
	Single machine
	2 groups and 2 experimental conditions
	

	
	1<
	Testing tasks w/ single machine
	Factorial
	Factorial


Test Design Options 
· Single machine 
· Comparative 
· Design alternatives 
· Another machine 
· Benchmark 
“Single Machine” Test 
· Test tasks 
· Scan small vs. large products to c if that causes problem
· Scan vs. need to weight 
· Many vs. few
· You need to go back to user research  
· “Road Blocks” (artificially induce problems; common way to test simple tasks and get comparisons)
· Faulty scans 
· Repeated scans 
The “Faceoff” Test
· Compare one machine to another SCO  with a ‘different design’ 
Design Alternatives 
· Use of prototypes and markups are common to test if the additional physical step creates problems with SCOs 
*The controlled test allows the isolation of the impact of various factors; it provides internal validity; it lacks ecological (or external) validity 
· Because there are a lot of things out of control in human factors 
Quasi-Experimental Approach 
· Can we do a controlled test here (with the ticket machine)? 
· No; its continuously used so you cannot just stop usage to control factors on it; you can only observe 
· Yes; can recreate a similar machine and place it in the context
· Can’t control: sampling, participants
· Quasi because we are introducing a new machine into the line-up (environment)
· Ethnographic methods
· Observations 
· Passive (just observe for far)
· Active (ask participants questions, etc)
· In-context interviews 
· Quasi Variables (can try to control or at least be very mindful of...)
· Duration of observations 
· Time of the observation 
*The quasi-experimental approach is appropriate for field testing; it provides ecological validity; it lacks internal validity 
The Experimental Design: Operational Definitions 
· How to measure trust? Self-reports, interviews, buyer loyalty 
· The practical details of the:
· IVs - manipulations
· DVs – measurements 
· Measurement of trust and risk:
· Time in site
· Browsing patterns
· Proportion of details given (credit card info is the ultimate measure of trust)
· Number of products in shopping cart
· Subjective rating 
Measurement and metrics 
· Human performance
· Human experience
· Situations and events 
Human performance metrics 
· Effectiveness 
· Successes 
· Failures 
· Efficiency (speed, costs, etc)
The Self Checkout Case Study 
· Context 
· Objectives 
· Setting up the test 
· IVs
· Measurement and metrics
How do you measure success?
· Completed in a fully optimal way
· Completed in some way (on their own)
· Completed with frustration
· Completed in some way with some verbal assistance
· Unable to complete
· Gave up
· Thought they were done but they weren’t
Failures and Errors 
· Error type
· Rate of errors
· Error content 
· To see how it was completed 

Measuring Efficiency
· Response times
· Duration of sequences or workflow
· Duration of actions (or omissions)
· Proportion of actions and events in unit
Response time
· Detection, perception 
· Beginning of response, movement 
· Beginning of correction, undo
· Time between tasks or actions
· Detect, identify trend, pattern
Durations 
· Single action 
· Sequence (comprising a task)
· Omission 
Frequencies 
· Rate of specific actions 
· Options, function 
· Use of interaction devices (mouse, KBD)
· Rate of specific sequences 
· Rate of omissions 
· Proportion of users doing...
*Effectiveness and efficiency are common metric for human performance with products/systems 
 Behaviours (has to do with judgement of observer; what did you have to go through to get the task done?)
· Hesitation 
· Search 
· Confused 
· Question 
· Stop, pause
· Undo, regret 
· Complain, curse
Quasi-Experimental Approach
· What can we measure here? Ticket machine
· Time of completion (efficiency)
· # of errors (effectiveness)
· Rate of success (effectiveness & efficiency)
· Facial expressions 
· We can capture a lot of metrics for this machine through observation 
Human experience metrics
· Satisfaction 
· Attitudes 
· Feelings 
Scale of Satisfaction 
· Can use a vertical scale with colours from red to green (really satisfied)
[image: ]
Questionnaire (5-point Likert scale; agreement “5”)
1. I thought the machine was extremely bizarre.
2. This test was a violation of my constitutional rights.
3. Sometimes I hear voices telling me to hurt myself.
4. I would imagine that most people would prefer to use this machine in the nude.
5. I found the facilitator to be extremely odd.
6. I liked the water that was provided during the test.
7. I thought there was too much consistency in this machine.
8. I found this questionnaire very cumbersome to fill out.
9. I am a complete moron, no doubt about it.
10. Sometimes, I think I am God.
Categories in Questionnaires
· There is discussion for the amount of categories in questionnaires
· The effectiveness of a scale: best with 1-5 categories
· Resolution (learn something about the item were are trying to assess): best 1-9
Objective Metrics of Satisfaction 
· Complaints (measures indirect perceptions)
· Withdrawals 
· Returning customers (measures indirect happiness)
*User experience measures are based primarily on self-reports 
Analysis
· Best way to measure is through graphs (especially bar charts – to show what happened before and after redesign, the frequency of responding, average rating, visual evaluation, functional evaluation)
· Tables are good too
Today’s Twitters
· Test early, save money
· In the Human Factors discipline we test the machine by examining human performance with the machine
· The controlled test allows the isolation of the impact of various factors; it provides internal validity; it lack ecological validity
· The quasi‐experimental approach is appropriate for field testing; it provides ecological validity; it lack internal validity
· Effectiveness and efficiency are common metric for human performance with products/systems 
· User experience measures are based primarily on self-reports 
[bookmark: _Toc311791304]Summary & Review
· Summary
· Resources in HF
· HF in Carleton
· Employment 
Course Headlines
· Human Factors can:
· Save lives (accident in health care when wrong organ was removed; nuclear power industry – can lose lives)
· Increase effectiveness (manage to achieve goals) and efficiency (don’t need to spend too many resources to do it) (ex: simple door handles; ticket machine; treadmill – they can make our lives easier)
· Increase enjoyment and pleasure (with proper design)
Course objectives:
· Become aware 
· Know (through quizzes)
· Apply (through assignments)
· Positive attitudes, interest
Sections 
· The Problem (Research and Analysis)
· The Human Factors 
· The Engineering Factors
The HF Framework >
· Everything affects performance (mental models, feelings, efficiency, etc)
· Last column – engineering factors
· Middle column – human factors
The influencing factors
[image: ]
Human Factors and Ergonomics 
· International HF and Ergonomics society 
· Covers key issues and produces books 
Books in HCI
· Only 3 books 
HF in Carleton 
· The Applied Psychology area, Department of Psychology 
· In the next year there might be an Honours seminar  in HF 
· Graduate program in HCI
· Cognitive research with flight stimulators 
My (His) Research Area
· Patient safety (healthcare)
· Teamwork
· In the operating room
· Hand-offs (when patient gets moved from operating room to recovery – lots of info is transferred)
· Firefighting teamwork and forest firefighting in Sudbury
· Teamwork could have detrimental outcomes; critical for fires close to residential areas; how tech and info can help 
· Special cognition
· Air traffic control
· Special abilities 
· Apply to understanding to better selection for civilian and military aircrafts
HF Employment
· Government 
· Transport Canada
· CNSC
· NAV CANADA
· NRC
· National Defence
· Industry 
· CAE (flight stimulators) 
· GD (General Dynamics)
· Consulting Firms
[bookmark: _Toc311791305]Human Factors and Electro-Optics (Denis Tang)
· Use of night vision devices from National Defence 
· He is a bioscience officer
Introduction 
· What is EO? Any device that photon to electron conversion (photoconversion) – user perspectives
· HF and EO: SWaP size weight and power (tradeoff of space)
EM Spectrum 
· How are infrared, image intensifier based technology, normal vision related to each other
· Different wavelength (it goes up to 950 instead of ~600)
· Different photoconversion physics
· Chemicals enhance vision 
· What is the HF impact of this?
· Diff wavelengths = different photoconversion efficiency (SWaP)
· Less energy = bigger optics = more power requirements = heavier system; less = more sensitivity = draws more power = bigger batteries 
I2 vs IR
· I2: image intensifier – reflective 
· More natural image easily interpreted by the brain 
· IR: focal plane array – emissive 
· Need training for the brain to extrapolate info from the scene
· Heat radiates from the body or a rock at night
Optical Design 
· How does OD impact on HF option space?
· Size: bigger for more range but heavier
· Power: better image enhancement electronics but more power requirements 
· Weight: depends on the range needed, some want short range and others want long range; individual vs. tripod vs vehicle (battery vs generator vs persistence)
Optical designs 
· Molecular (less power, only 1 tube, small, fits in pocket)
· Binocular (heavier, 2 tubs, if 1 fails you have the other, more expensive)
· Biocular  (2 tubes go into 1)
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Time Line and Workload
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Decision-Action, Information-Action
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