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In clage exercige

* As you come In and take a seat

* What was the hardest bug you ever had to find!

» What did you do? What made it hard?



What makeg debugging hard?



Adminigtrivia
» HWO and tech talk signup was due today

« HW| out and due Iin 2 weeks

* Weekly readings

s Should look at HTML / CSS / |S tutonal if new to web
programming

* How many have laptop or tablet?

* If you do, bring it to class









System |

 Automatic (unconscious)

« Effortless

 "Fast’ thinking

« Associative

* Heuristic

« Gullible

« Can't be turned off

System 2

* Voluntary (conscious)
* Effortful

« "“Slow" thinking

* Planning

* Logical

silia 2y

 Usually only partly on



£ xampleg of Sygtem |

» Detect that one object is more distant than another.

« Orient to the source of a sudden sound.

« Complete the phrase "bread and...”

+ Make a “disgust face” when shown a horrible picture.

« Answerto 2 + 2 =

* Drive a car on an empty road.

+ Understand simple sentences.



E xampleg of Sygtem 2

B e System | does not offer an answer (€18 [FADaES

 When an event Is detected that violates the model of
the world that System | maintains (e.g,, cat that barks)

 Continuous monitoring of behavior—(keeps you polite
when you are angry)

* Normally has the last word
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Attentional regourceg are fixed

« Demo



Attentional regourceg are fixed

* System 2 activity takes conscious attention

« Attentional resources are fixed

» Pupills dilate as mental effort increase

» |t demands exceed max, tasks prioritized.



E xampleg of attention limitationg

» Can walk and talk
» But not walk and compute 23 x /8

» Constructing complex argument better when still



Attention limitationg - demo

» Remember the following digits:

e ) | 900 |



Attentional limitationg - demo

* Would you prefer

* (3)




Attentional regourceg - demo

» More likely to choose (a) when attentional
resources are stressed

» Self control require attention and effort






Coexigtence of Systeme [ and 2

» System | processes normal, everyday, expectec
activities at low cost.

» System 2 takes over when necessary, at higher
@S,

» Law of least effort: pays for System 2 to be lazy.
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Conflict - demo

Your first task is to go down both columns, calling out whether each word is
printed in lowercase or in uppercase. When you are done with the first task,
go down both columns again, saying whether each word is printed to the left

or to the right of center by saying (or whispering to yourself) “LEFT" or
“RIGHT.”

LEFT upper

left lower
right LOWER
RIGHT upper

RIGHT UPPER

left lower
LEFT LOWER

right upper




Contlict - exampleg

* Irying not to stare at oddly dressed couple
* Force attention on a boring book

» Following correct instructions when car skidding
out of control on ice

 Not saying something negative to someone
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Decigion making



Anchoring heurigtic - demo

» Split into two groups, A and B



Anchoring heurigtic - demo

=i 5 seconds:

B s | x )2 x3x4x>5xbx/x8!



Anchoring heurigtic - demo

=i 5 seconds:

B TS X/ xbx5x4x3x2x |



Anchoring heurigtic - demo

« (Greater than 20007

e | ess than 20007



Anchoring heurigtic

« Actual answer: 40,320

» Estimate the number by looking at the first severa
numbers

e



Availability heurigtic - demo

* Are you more likely to be bitten by a shark or hit
by a falling airplane part?



Availability heurigtic

e Oliretrieving examples Used as cUete
estimate probability

» Greater reporting of shark attacks in media leads
to conclusion that even is more frequent

T



Sunk costs - example

SERIEERN ST spent $40 o see a concert. [Es EERIEIES
Do you stay or leave!

g[S

BREUNUSE oot free tickets to a concert. If's terfisies
Do you stay or leave!
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Sunk cogte

» $40 or $0 has already been spent (“sunk cost™)
and has no (rational) bearing on future actions.

* Sunk costs Influence behavior none the less.

i)



Central route - demo

: B
@A e

)
B mpg e

. , * Very good maintenance
» Excellent maintenance rating ,
rating

» Very good crash rating . Fine crach | i

* Avallable in your favorite

* Avallable in your favorite
color

color
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Peripheral route - demo

e @ 2

3



Elaboration likelihood model

« Humans choose how much consideration and elaboration

of arguments to make

* Peripheral route (System |) - persuasion based on
association with positive or negative stimull

 Central route (System 2) - persuading based on appeal to
logical arguments

B antral route requires more time and effort
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Decigion making summary

B || Vs, System 2

» Most decisions made by System | without System
2 involvement

* Even for central route, System 2 biased by
information provided by System |

B



Memory



Short term memory (STM)

* Primary, active memory used for holding current
context for System 2

» Unless actively maintained (or encoded to long-term
memory), decays after seconds

+ Capacity ~ 4 items

* (classic estimate of / +/- 2 Is wrong)
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Chunking - demo
What'e eagieat to remember?

* A lock combination with 8 numbers in order: 10, 20, 30, 40, 50,
60, /0, 80

« A lock combination with 8 numbers in order: 50, 30, 60, 20, 80,
10, 40, /0

e iicier [0 letter: R BEL BV, Q M, 5D, G

* A string of 52 letters: | pledge allegiance to the flag of the
United State of America.
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Chunking

* [tems iIn memory encoded as chunks
A chunk may be anything that has meaning

« # of chunks in STM fixed, but remembering bigger chunks
lets you remember more

« Memory retention relative to the concepts you already have

« —> schemas & mental models (next time)
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Long term memory (LTM)

* [tems In short term memory may be encoded Into storage
in long term memory

* LTM capacity not limited

* Information must be retrieved from long term memory
(1.e., through System |)

« Many factors influence what is encoded into LTM and how
it Is encoded
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Serial pogition effect

100
QO
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f TO | g
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i —
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| 4[ I | | 8[ I | | 112 ! ! | 116 ! | | 210
POSITION IN LIST

* Primacy effect - early rtems remembered better

B cenic) clfect - late items remembered betiel
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Encoding specificity principle

» Match between context at encoding and at retrieval
Improves memory

 Context factors

* Environment (e.g., studying in same room as exam)

» Internal state (e.g., remember happy events when
happy)
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Memory ig recongtructive - example

* How fast was the car going when 1t hit
the other vehicle?

VS

* How fast was the the car going when
it smmashed into the other vehicle?

B E@iNore remember seeing broken

olass

il



Memory ig recongtructive

* Not stored files on a disk

» Encoded In brain, may be different every time
retrieved

B SRicmiber pleces, reconstruct other detallsibascElER
expectations on what must have occurred

» Hard to distinguish similar memories

il



Vivid memorieg may be wrong

* What were you doing when you first learned
about the Sept | | attacks!

 Flashbulb memories vivid, but still reconstructed,
and no more likely to be accurate

« Humans not effective at gauging accuracy of
memories
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Types of memory

+ Semantic memory: facts, meanings, concepts
» Paris Is the caprtal of France; cats are animals

* Episodic memory: memory of events and sequences
of events

 Greeted by server; assigned seat, get menu, order
drinks, order food, ask for check, pay, leave
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Learning



Reheares|

* Information may be repetitively experienced or
actively repeated ("'subvocalization”™)

e 5o 48/ 235

* More times information Is rehearsed, better

memory
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Depth of procesging

* More time spent interacting with information,
more likely 1t Is to be remembered
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Automaticity

# ['his effect happens for sequences of actions
(“scripts’) as well.

» Example: tying shoelaces

BGke repetitions, faster, requires less consciots
attention.

B e bonsibility shifts from System 2 —> Systemi

48



Habit formation takeg time

ERIe long does It take to
form a eating, drinking, or
activity habit?

SRlleani 66 days, Min: |8 days, f
Max: 254 days

« More complex behaviors
take longer to become habit

i



Skinner box
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Operant conditioning
(ak.a. reinforcement learning)

Reinforcement Punishment
Increase Behavior Decrease Behavior
Positive Negative Positive Negative
Add appetative stimulus Add noxious stimuli Remove appetative stimulus
following correct behavior following behavior following behavior
Giving a treat when the dog sits Spanking a child for cursing Telling the child to go to his room for cursing
Escape Active Avoidance
Remove noxious stimuli Behavior avoids noxious
following correct behavior stimulus
Turning off an alarm clock by pressing Studying to avoid getting a bad grade
the snooze button.

"Operant conditioning diagram" by Studentne
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Motivation



Poagible reinforcement echeduleg

* Fixed interval: reward proportional to fixed time passed

* Variable interval: reward proportional to time, but
rewards given stochastically

* Fixed ratio: reward proportional to # actions taken

* Variable ratio: reward proportional to # actions taken,
but rewards given stochastically
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Variable rewards are powerful
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Autonomy

* Humans motivated by perception of control to do
things when and how they want to do them
rather than controlled by others

BRE Sienew a drivers license online, cnline Baisiiss
online investment site, ...
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Surprigeg

» Unexpected, novel actions that are unexpected
orab attention (engage System 2) and are
enjoyable
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Being busy

» You walk 2 minutes to get luggage carousel, and
spend |0 minutes waiting for luggage.

» You walk |0 minutes to luggage carousel and spend 2
minutes walting for luggage.

* Which do you prefer?

* Humans happier when they're busy

57



Oagtoral eceneg

* EXperiencing images
of nature

* replenishes System
2 resources

* reduces hospital
stays

B cllces required
pain medication
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Crave familiarity when ecared

* Had a bad day. Will you get lunch at the place you
always eat at or try something new!

« Preference for familiar when sad or scared.

535



g Cal oradient effect: the shorter the distance tosis
ooal, the more humans are motivated to reach it

60



Intringic va. extringic motivation

* Intrinsic: motivated by properties of the task rtself
* e.g,doing a task to gain knowledge

* Extrinsic: motivated by the desire to obtain a
desired outcome by completing the task

* e.g, doing a task because you're paid to do It

6l



Flow

* Humans experience flow when
* A challenging activity that is neither too difficult nor too easy
* The merging of action and awareness - complete occupation of System 2
* Clear goals and feedback
» Concentration on the task at hand

* Paradox of control - perceive to be in control of situation, dictated by external
events

* Loss of self consciousness - no self scrutiny or judgements of self
BNeioiisense of perceived time

» Autotelic experience - intrinsically rewarding tasks
62



Affect



Affect

« Current emotional state
» Valence: positive or negative

» Arousal: strength of activation of sympathetic

BER/OUS System
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Atfect affecte focug and creativity

* Negative affect / high arousal
* Escape from danger
BRI cidoor doesn't open —= pusn harder

* Neurotransmitted bias brain to focus on problem &
ignore distractions

* [Junnel vision on most salient aspects
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Atfect affecte focug and creativity

* Positive affect / lower arousal
» Better brainstorming and generating alternatives

* More likely to work around minor difficulties
o velteEUsability

8 c bioger picture, less focusea
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Oerformance / arougal curve

Strong —

~ \Simgle task

J/ Focused attention, flashbulb
/ memory, fear conditioning

Difficult task
Impairment of
divided attention, working
memory, decision-making

and multitasking

v

Low High

Arousal

Performance

* Yerkes / Dodson law

* Arousal increasing performance for System | tasks, but only

Increases performance on System 2 tasks up to a threshold
67/



Human performance modeling



Human performance modeling

* Predicts skilled performance time analytically from model
* Assumptions
* Goals of accomplishing the task and doing so in as little time as possible
* Known tasks
* Known operators, of known time
* Perceivable inputs

« Complete knowledge of the task and environment
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Example: (RS office automation gystem

« TMAC: procurement of office automation systems and software,
maintenance and support

 Quantified factor in evaluation: Impact of software integration on

user productivity

$1.4 billion contract
awarded to AT&T
over |BM and
Lockheed

/0



Enableq efficiency to be predicted
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Keystroke-level model (KLM)

Pre-defined level of detall:
the keystroke-level

No representation of goals, methods or selection-rules, just a
sequence of operators that perform a task

Input: a suite of benchmark tasks that are important to your design
or evaluation

Output: the time 1t would take a skilled user to perform these
benchmark tasks

7%



Applying KLM by hand

» List the overt actions necessary to do the task

» Keystrokes and button actions (K)

« Mouse movements (P)

« Hand movements from keyboard to mouse (H)

« Also system response time (if user has to wait)

* Insert mental operators (M) by CMN's heuristics

* Assign execution times from previous research

« K, M, H are straightforward

* P often requires measuring D and S and calculating Fitts's Law time

+ Add up the execution times
73



Automated KLM - CogTool
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Implicationg for degign



Some design implicationg

Take advantage of System | where possible
Don't confuse System | (e.g,, consistent mapping in next lecture)
Users can be stubborn (sunk cost investment in current strategy)

People can get upset when have goals they cannot accomplish, as
attentional resources exhausted solving problem and less self
control

Let users doing something else while waiting
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Regourceg and further reading

* Thinking Fast and Slow. Daniel Kahneman. 201 3.

» |00 things every designer needs to know about
people. Susan M. Weinshenk. 201 .

» Cognitive Psychology. Douglas M. Medin, Brian H.
Ross, Arthur B. Markman. 2001.

» Human Performance Modeling. Bonnie John.
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