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In clage exercige

- Today's question:

» What makes someone an expert!



What makes someone an expert?



Adminigetrivia

« HW/I due In | week

» If you have a laptop or tablet, bring it to class



What makes an expert?



What makes an expert?

* Experts are more intelligent?

» 1Q doesn't distinguish best chess players or most

successful artists or scientists (Doll & Mayr 1987) (Taylor
|975)

* Experts think faster or have larger memory?

+ World class chess experts don't differ from experts (de
Groot [978)



What makeg a grand magter a chesg expert?

+ Memory for random chess boards: same for experts and novices

+ Memory for position from actual game: much better for experts than novices

+ [deGroot 1946; Chase & Simon 1973]
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Schemag (ak.a chunking)

* Experts think differently.
+ Have schemas that help them to

* recognize and react to common situations through
System |

* encode the world in more abstract terms

* solve problems more effectively
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Mental models and problem golving



Mental models (ak.a conceptual modele)

* Internal representation in the head of how something works in
the real world

* E.g, changing appropriate knob adjusts temperature in freezer or
refrigerator



Mental modelg

* Only single temperature sensor.

 Controls not independent, need to adjust both.

* (also delayed feedback)



Problem golving

« Tower of Hanol

« Move all the discs

from left to right

* No larger disc may

e above smaller disc




Problem golving ag planning

- Goal state: state of the world to be achieved
»+ Operators: ways of changing the current state

» Plan: sequence of actions to take to achieve goal



Problem isomorphg

» Problem isomorph - same state space and operators, different
presentation

- May be

» harder to discover operators

* harder to understand new state
* harder to represent state

* Problem solving: representation + search
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* Isomorph of Tower of Hanol

* (Can take 8x longer to solve
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Duncker’e Candle Problem

@gd

* Problem: attach a candle to a wall

« Given: box of tacks, candles, matches



Function fixeneqg

* Solution: tack box to wall, melt candle to stick to box
» Challenge - including box as part of representation

* Functional fixedness: difficulty of seeing full space of operators
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Digtributed cognition

TABLE 3.1. Tradeoffs Between Knowledge in the World and in the Head

—

Knowledge in the World Knowledge in the Head
Information is readily and easily Material in working memory is read-
available whenever perceivable. ily available. Otherwise considerable
search and effort may be required.
Interpretation substitutes for Requires learning, which can be
learning. How easy it is to interpret | considerable. Learning is made
knowledge in the world depends easier if there is meaning or
upon the skill of the designer. structure to the material or if there
is a good conceptual model.
Slowed by the need to find and Can be efficient, especiall
interpret the knowledge. ' B

well-learned that it is automated.

Mdmcﬁmmhm.




E xternal repregentationg
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E xternal repregentationg

« Reduce STM burden

* Help restructure and reframe problem w/ new
abstractions, changing operators

* Encode information and relationships through use of
space

» Serve as reminders for future goals
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Taking action



Achieving goale

» Goal: make text
ow Into empty
space
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Achieving goale

» Turned the refrigerator knob to 4. Will the
refrigerator be cold enough now!
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Gulfe of execution and evaluation
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Norman'e 7 gtages of action

. Goal (form the goal)

. Plan (the action)

COMFPARE

. Specify (action sequence)

INTERPRET

. Perform (action sequence)

PERCEIVE

BRIDGE OF EXECUTION
NOLLYNTYAZ 40 394lad

. Perceive (the state of the world)
. Interpret (the perception)

. Compare (outcome w/ goal)
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Degigning for action

- Key challenge I1s designing interactions that help
users to accomplish their goals
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. Digcoverability

+ Make 1t possible to determine possible actions and current
state of device

* Which has more discoverable commands: Eclipse or emacs?

- , ' [ —

...........



2. Feedback

« There is full and continuous info about the results

of actions and the current state




3. Conceptual model

» Design projects all of the information needed to

create conceptual model.
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4. Affordanceg

- The proper affordances exist to make the desired actions possible.

- Affordance: an action that can be taken with an artifact to change

Its state
Bromse wowaing | bocking0e1 ® | aesren ® | merog ® |scoming "
Amaya Yes NA Yes
AOL Explorer Yes Yes Yes
Arora Yes Yes Yes Yes Yes
Avant Yes Yes Yes Yes
Camino Yes Yes Yes Yes Yes ?
Chromium Yes ? Yes ? Yes ?
Dillo Yes NA
Dooble Yes Yes Yes Yes Yes Yes
ELinks Yes NA Yes NA NA
Flock Yes Yes Yes Yes ?
Galeon Yes Yes Yes Yes Yes
Google Chrome Yes Yes Yes Yes




- Effective use
of signifiers to
communicate

discoverability
and feedback  EEEEEEE
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6. Mapping

* The relationship between controls and their

actions follows the principles of good mapping
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Natural mapping

» Best mapping: controls mounted next to item to
be controlled

» Second best mapping - controls as close as
possible to item to be controlled

» Third best mapping - controls arranged in same
spatial configuration
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Congigtent mapping

» Control consistently leads to same action

» Facilitates System | - taking action always leads to
the same effect

Question

Do you really want to continue? ‘

€ No ) ( Cancel ) ( Yes ) |

Yes No || canca | e

Do you want to Continue ?
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7. Congetrainte

* Provide physical, logical, semantic, cultural
constraints to guide actions and ease
interpretation
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Phygical constraintg

» Constrain possible operators (e.g., round peg,
square whole)

* Rely on properties of artifact, no training
required
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Lock ing

Keeps an operation active, preventing someone
from prematurely stopping

Mode]"?

Do you want to save the changes made to the
document “vihcc15-tdl-v6 [Compatibility
Your changes will be lost if you don't save them.

Don’t Save Cancel Save
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Lock outg

* Prevents an event from occurring

Disk Cleanup “

Are you sure you want to permanently delete
these files?

Annoying Confirmation

9 Are you sure?

[—Dektcﬁles {} Concel
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Interlocke

* Force actions to take place in the proper
sequence
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Cultural, semantic, logical congtraintg

* Norms, conventions that describe possible actions
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E xample: faucetg

» Control 2 variables: temperature, rate of flow
» Physical model: water enters through 2 pipes
» Solutions:

» Separate controls for hot and cold

» Control only temp / control only ant

« On/ off

« One control
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E xample: faucetg

* Mapping problems:

* Which know controls hot and which cold?

* How do you change temperature w/ out flow rate?
* How do you change flow w/out temperature!

« Which direction increases water flow?
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E xample: faucetg

» Standard conventions: left hot, right cold; counter-
clockwise turns it on

« But

* Not in England
* Not always on shower controls

 Not always for blade controls

45



Human Error



What caugeg dieagtere?

« Mechanical malfunction?
» Poor design?

« Human error?



Quige cheege model

Local tiggers
Intrinsic defects
Atypical conditions

» Accidents must penetrate levels of system
defenses
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Root cauge analygig

* Keep asking question to determine causes for actions

* Human error only part of the chain

* Example

+ 2010 F-22 crash that killed pilot

- Official cause: pilot error - pilot failed to take corrective action

* |G report: pilot was probably unconscious
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Case Study No. 1: Three Mile Island

—_——
o errors

Mantnance crew introduces  Although this erTor had occurmed on two previous occasions, the
© water it the instrument air operating company had not taken steps to s
$t8ps 10 prevent its recurrence.
Tubine tipped. Feedwater The two biock vaives had been eronecusly left in the closed

come on muummmdummmu
but flow blocked vahes closed
.“- by ] was obscured by a maintenance tag.

pumps shut down. Emergency Posiion during maintenance, probably carmed out wo days

Rapid rise in core temperature During an incident at the Dauis - Besse plant (another Babcock &
and pressure, causing the Wicox PWR) in September 1577, the PORV aiso stuck open. The
reactor o trip. Relef valve (PORV) incident was investigated by Babcock & Wikcox and the U.S. Nuciear
opens automatically, but then Reguiatory Commission. However, these analyses wers not collated,
$8cks in the open and the information obtaned regarding appropriate operator acton
The scene is now set for a loss was not communicated 10 the industy at large.

of coolant accident (LOCA) 13 (Regutatory fatrs)

$econds into the emergency..

Operators fal to recognise that 1. m-“qwmmmwmu -

:h*,x*-- . zlﬁ.cmz.mumm
in it trough '

actve water, under high
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Violation

Error occurred because user intended the erroneous output
Routine violation - user always intends to do It

* Noncompliance is so frequent it is ignored

* E.g., running a red light

Exceptional - only In some cases

Sabotage - intended destruction
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Migtakeg

- User formulated the wrong goal or plan
* Executing action will not achieve goal

* Rule based: appropriately diagnosed situation, but
chosen erroneous course of action

- Knowledge based: does not have correct information
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Slipg

* Attentional failure - user intended to do correct
action, but did not actually execute action

+ Example: forgot to turn off the gas burner on the
stove after cooking
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Strong habit intrugion

» Performance of some well-practiced activity in
familiar surroundings

» Intention to depart from custom
* Fallure to make an appropriate check

« Example: start trip to frequent destination, forget
going somewhere else
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Omiggiong

- May be Interrupted, forgetting intention to act

» | picked up my coat to go out when the phone
rang. | answered It and then went out of the front
door without my coat.”
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Perceptual confugiong

- Take frequent action very often, don't perform
perceptual check to verify it Is the correct one

+ Example: "l began to pour coffee into the sugar
bowl”
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Migtimed checke

* Highly automated System | activity that is
interrupted

* Error in resuming activity because usually
UNCONSCIOUS.

* Example - interrupted in the middle of tying shoes
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Group activity



Group activity

* In groups of 3 or 4

* Pick a (complex) application or website

- List violations of Norman'’s principles for designing for action
» List name of principle (e.g., discoverability)

» |dentify a user goal and relevant features of the application

* Explain how the design violates the principle
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Norman'e degigning for action principles

|. Discoverability - make it possible to determine possible actions and state
2. Feedback - full and continuous feedback about result of action

3. Conceptual Model - design communicates info for conceptual model

4. Affordances - desired affordances exist

5. Signifiers - effective use of signifiers to communicate

6. Mapping - relationship between controls and goals uses good mapping

/. Constraints - physical, logical, semantic, cultural constraints
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