Introduction

Human factors has three major objectives on man-machine systems:

(1) making the interface more friendly,

(2) making the system more efficient, and

(3) enhancing the quality of human life.
或

(1)安全 (2)效率 (3)舒適
HCI involves the design, implementation, and evaluation of interactive systems in the context of the machine, the user, and the working environment.

(The user, the machine, and the environment) accomplish something.

In the future, (the robots and the environment) accomplish something.

人機系統包含人 機器 介面 及 環境

In the robot world, HCI should also involve machine-machine interaction.

An HCI engineer is required to be an artist and a scientist in order to be successful.

It involves computer science, psychology and cognitive science,

Design Focus (p. 6):

No quick fixes.

Existing of some other users.

Fast prototyping and trying it out.

Involving the eventual users.

Iterations expected.
Making early prototypes less precious and easier through away.

Part 1 Foundations

1 The human (1 week, Ch. 1)

2 The computer (1 week, Ch. 2)

3 The interaction (1 week, Ch. 3)

Ch. 1 The human

Discusses the psychological and physiological attributes (the capabilities and limitations) of humans.

Overviews (p.11)

Limitations on capabilities.

Input/output channels: vision, hearing, touch channels, and movement.

Memory: sensory memory, short-term memory, and long-term memory.

Information to knowledge.

Differences in individuals.

To design something for someone, we should know the limitations and capabilities of that person.

Problems: 

How humans (robots) perceive the world around them?

How humans (robots) store and process information?

How humans (robots) develop new skills?

How humans (robots) physically manipulate objects?

How humans (robots) express emotions.

A human model: the perceptual system (inputs), the motor system (outputs), and the cognitive system (memory and information processing).

A dummy robot: 視覺 肢體 小腦(平衡) 大腦 
Human factors and external factors: psychological, social and organizational environment.

If a robot can recognize emotions, then external factors become important.

1.2 Input/Output channels.

Without I/O, a human is just a plant. 植物人也許只是斷了I/O
Input channels, the five major senses: vision, hearing, touch, taste and smell. 

Vision, hearing, and touch are central (at least for nowadays) for HCI.

1.2.1 vision

Two stages: the physical reception of stimulus, and the processing and interpretation of the stimulus.

p. 15 fig 1.1:
Cornea 角膜 Lens 水晶體 Pupil 瞳孔Iris 虹彩Ligament 韌帶

Blind spot 盲點 Fovea 小凹面 Retina 視網膜
Ganglion cell 神經細胞

Photoreceptors on retina of an eye: 120 million rods 桿and 6 million cones 錐.

Rods: highly sensitive o light

Temporary blindness: rods are active and saturated by sudden light.

Rods are mainly situated towards the edges of the retina (peripheral vision).

Three types of cones: mainly concentrated on the fovea (color vision).

The blind spot (no rods and cones on it) is the place where optic nerve enters the eye.
Ganglion cells:

X-cells: concentrated on fovea, responsible for the early detection of pattern;

Y-cells: widly distributed in the retina, responsible for early detection of movement.

Human eyes are more sensitive to object movement than pattern or peripheral vision.

Visual angle of an object is affected by both the size of the object and its distance from the eye.

Visual acuity limitations: a single line with visual angle of 0.5 seconds of arc; spaces between lines 30 seconds to 1 minute of visual arc.

Detection of size depends on visual angle and depth (distance).

Brightness 

Luminance

Contrast

Flicker

In dim lights, the rods predominate vision. In normal lights, the cones take over.

As luminance increases, flicker also increases.

In high luminance, flicker can be over 50 Hz.

Cones are sensitive to light of different wavelengths.

Three types of cones: each sensitive to one of blue, green, and red.

7 millions of different colors are possible: only around 10 can be identified by an individual without training.

Only 3-4% of the fovea is occupied by blue-sensitive cones; blue acuity is lower than green and red.

8% males and 1% females suffer from color blindness (red or green).

The visual system compensates, and sometimes overcompensates, the world perceived. (視覺系統會由上下文解釋所見 但可能自作聰明)Fig. 1,4, 1.5, 1.6, and 1.7 ( 13 or B in 數字 或 字母 上下文)
Reading:

Stages: 1. Perceiving the visual pattern of the words. 2. Decoding with reference to an internal representation of language. 3. Syntactic and semantic analysis. (just like computer?)

250 words per min.

Reading from computer screen is slower than from a book.

A negative contrast (dark characters on light screen) is preferred and provides more accurate performance than a positive contrast.

1.2.2 Hearing

outer ear, middle ear, and inner ear.

Outer ear (pinna 耳翼, auditory canal ): protect outside objects reaching the middle ear, keep the middle ear at a constant temperature, amplify sound waves.

Sound waves pass along the auditory canal and vibrate the ear drum which in turn vibrates the ossicles (小骨), which transmit the vibrations to the cochlea (耳窩) of the inner ear.
The relay through the middle ear is necessary (the sound waves are consentrated and amplified.

Cilia (耳纖毛) bend because of the vibration in the cochlean liquid and release a chemical transmitter which causes impulses in the auditory nerve.
Pitch is the frequency of the sound.

Loudness is proportional to the amplitude of the sound.

Timbre (音色) relates to the type of sound (different instruments).

Because of two ears, the location of the sound can be identified.

Limit: 20 Hz to 15kHz.distinquish less than 1.5 Hz

The auditory system filters sounds received, ignores background noise and concentrate on important information (mothers to the cries of her baby).

The ear can differentiate quite subtle sound changes and familiar sounds.

More extensive use the sound in future interface design can be expected.

習題: 思考 以聲音為介面的應用
1.2.3 Touch

觸覺與視覺比起來不是那麼重要，因為我們要似乎都靠視覺辨認物體。
看到物體卻抓不到，亦即沒有任何觸覺上的訊息回饋,此時你會相信觸覺？還是相信視覺？
觸覺回饋有時比視覺更重要
觸覺回饋會是重要HCI.
Three types of sensory receptor on the skin: (1) heat or cold, (2) intense pressure, heat and pain, and (3) pressure.

Some areas have greater sensitivity or acuity of touch than others.

For those whose other sensors are impaired, touch is vitally important.

1.2.4 Movement

A person can react to an auditory signal in app. 150 ms, to a visual signal in 200 ms and to pain in 700 ms.
(視而不見 較 聽而不聞 常見)
Skill and practice can reduce reaction time, and fatigue can increase it.

Speed and accuracy of movement are important considerations in HCI.

1.3 Human memory

Sensory buffers, short-term memory, and long-term memory.

Attention is the concentration of the mind on one out of many competing stimuli or thoughts due to the limited capacity of our sensory and mental processes.

Short-term memory can be accessed rapidly around 70 ms and be held in the order of 200 ms.

Chunking information (in patterns) can increase the short-term memory capacity.

03 427 9094 instead of 034279094.

The successful formation of a sequence of things is known as closure.

領錢 closure is (插卡 …. 拿卡 取錢) instead of (插卡 …. 取錢 拿卡)

好的介面可幫助使用者不發生錯誤
(Digits and images use different channels.)

1.3.3 Long-term memory

huge, slow access time, forgeting slowly.

Two kinds: 

(1)episodic memory: events and experiences in a serial (time and space) form. (資源健忘症)

(2)semantic memory: structured record of facts, concepts, and skills.

Or,

(1) implicit memory: swimming skill, balancing skill. 不須皮質的持續參與
(2) explicit memory: 意識下能想起，須皮質的持續參與

Nervous 脈衝 (at a speed of 12 - 120 m/s):
人腦約數億神經元

Soma (cell body, about 40 mm) 細胞體 , 數千dendrites 樹突, one axon 軸突, synapse 突觸 (軸突與下游神經元樹突間之小小間隙), myelin sheath 髓鞘 (軸突外之絕緣體). 
神經細胞由細胞本體延伸出許多樹枝狀的神經纖維，這些纖維如同錯縱複雜的電線一般，組織成複雜綿密的網路。神經纖維的外層包裹著一層名為「髓鞘質」（myelin）的物質，它像電線的塑膠皮具有隔離絕緣的功能，好讓不同的神經傳導路徑的訊號不會相互干擾，同時還可以加速我們神經訊號的傳導。當 髓鞘質被破壞後，神經的訊息傳遞就會變慢甚至停止。
電位 -70 mV (idle), +20mV (firing)
Firing: 正電位差 > 軸突許多小囊泡 釋出 化學傳導物質 > 下游神經元正電位差 (活化)

Normally, 30 - 100 Hz, up to 500 Hz. 頻率越高傳導物質釋出越多

專一性結合: 下游神經元細胞膜有特殊蛋白質受體只接受與它搭配之傳導物質

Information coding in brain: unknown

工作特別賣力(同步激化 及 持續激化)的軸突會產生強化作用 也可能產生鈍化作用

具強化過的軸突 極易 被激化 產生更強烈後續反應

具鈍化過的軸突 須更強的激化 才能產生反應 (嗎啡 模擬 腦啡)

convergent thinking (尋找唯一想法 深入) 

vs. divergent thinking (同時想到多種想法 廣泛)

Darwinian process:
Pattern (DNA), copy (half-half combination), mutation 突變, selective survival 天擇.
大腦以複製競爭方式把胡思亂想篩選成有道理的憶測並操控表達

智能的表現: 重複在思想與行為的時間尺度中(ms - min.)進行即興創作 (copy, mutation) 與修飾 (selective survival) 作品的過程
Ch. 2 The computer

IBM 1130:  32 MB main memory, OS around 16 kB.

Card punch; card reader; chain printer.

Housed in a room with space around 8 pings.
Terminal to host through RS232 1800 bits per second

GA machine

CDC machine

台北查號系統

(HP 3000 + 4x50MB disks) + 2 (HP 1000 + 25 terminals)

Proprietary OS.
系統功能: (1)訊息接收 (2)訊息儲存 (3)訊息處理 (4)採取行動
Input devices:

Text entry: 

Keyboard:

QWERTY keyboard

DVORAK keyboard: biased towards right-handed people.

Chord keyboard: 5 keys, extremely compact p. 59.

Handwriting recognition:

Disadvantages: inaccurate in recognition

Stroke information + character shape

On-line recognition is easier.

Pen-based systems like PDA.

中文 

signature authentication (different pattern of strokes)

Speech recognition:
電腦認知 中文 比 英文 容易

Only for a restricted vocabulary of command words.

Trained and tuned to each new speaker.

Strong accents, a cold or emotion problems.

Background noise (driving a car).

Used where keyboard based input is impractical or impossible.

Positioning and pointing devices:

Mouse: indirect mapping.

Trackball:

Joystick: two types: absolute and isometric (pressure ~ velocity)

Fairly robust used in computer games.

Touchscreen: direct maping. (接觸 會有靜電 感覺 有害?)
Disadvantages: greasy marks on the screen, selection of small regions, tiring.

Light pen: accurate, tiring, easily broken and lost.

Digitizing tablet: indirect.

Touch pad: replace mouse, accidentally touches.

Eyegaze: associated with a head-band, can determine the direction the eye is looking, expensive, eye not move smoothly.

For where hands are not available.

VR:

Positioning in 3D space:

From 2 degrees of freedom to 6 degrees (x, y, z, pitch 頭向上下, yaw左右搖, roll 滾: p.70)

3D mouse: holding the mouse in the air for a long period, tiring.

Dataglove: expensive (expecting $50 rather than $10,000) but potential for gesture recognition and sign language interpretation.

VR helmet:

(1) display 3D world (2) tracking of head position.

Whole-body tracking: really in the virtual world (沉浸式)

White spots are stuck at the body, tracked by several cameras.

Other types of sensors: locomotion dynamics analysis.

2.4 Output devices

CRT 

Health hazards:

Not siting too close to the screen or to the rear of the tube.

LCD

3D displays

3D: shadows, occlusion 遮蓋, and perspective 透視. 
Two eyes with different 2D vision - stereo vision.

1. images with different perspectives to the eyes.

2. Special spectacles blanked out by timed electrical signals synchronied with the frame rate of the screen, each eye sees alternate images.

Or. Use different 慮光 for each spectacle.

3. Ideal: a special 3D screen.

Stereo vision is not the only story: focus 聚焦 is the other.

2.6 Memory

Memory hierarchy: cache, real memory, extended memory, disks, network server.

Very short-term memory: cache

Short-term memory: working memory or real memory RAM

Long-term memory: disks, memory on servers.

Table 2.2, P. 91 capacities and speed.

Text or image compression:

Huffman encoding: short codes for frequently used words.

Run-length encoding: (len, same value) pairs.

Video compression: store only the differences of successive frames (5 hr. video can be compressed on 1 GB hard disk.

Fractals: images with parts scaled-similar to the whole; parts can be stored as a fractal with a few parameters.

2.7.2 Factors influence interactive performance

Computation bound: slowly filling bar indicating amount done.

Storage channel bound: browse quickly, but slowly store updated information.

Graphics bound: graphics coprocessor.

Network bound: 

2.7.3 Network computing
History:

Mini computer 

Main frame computer

Super computer

Server computer

PC

Network computers + Internet + Servers

Network computer: no disks, as smart terminals.

Internet: TCP/IP

TCP: transmission control protocol, moving packet from source to destination.

IP: internet protocol, specify the destination, where is the destination.

A long delay in network is possible; one may repeat a request when getting no response in time.

A fully predictable, deterministic into a non-deterministic one: one may not know what going on in the system because too many possible delays.

Ch. 3 Interaction

Terms:

System:

User:

Interaction:

Domain: graphic design domain: including concepts or objects: geographic shapes, drawing surfaces ….

Tasks: operations manipulating concepts or objects of a domain.

Goal: desired output.

Task analysis: problem space analysis of tasks.

System language: core language describing computational attributes of system states.

User's language: task language describing psychological attributes of user's states.

3.2.2 Norman's execution-evaluation cycle.

Two phases (execution, evaluation) with 7 stages: 

Establishing a goal.

Forming the intention.

Specifying the action sequence.

Executing the actions

Perceiving the system state

Interpreting the system state

Evaluation the system state w.r.t. the goal.

Due to different languages:

Gulf of execution: the actions expected by the user --Gap-- the actions actually executed by the system.

Gulf of evaluation: interpreted the system state --gap-- the actual system state.

The interaction model:

S core lang. (I input lang./O output lang.) U task lang.

Input language:

Output lagguage:

Fig. 3-1, 3.2, 3.3 on page 106, 107, 110

U -- I -- S -- O -- U. Four mappings.

3.3 Ergonomics.

Ergonomics: the performance, how the interface enhances or detracts from it.

3-4-1 Control and display 

Inappropriate placements of controls and displays can lead to inefficiency and frustration.

Aircrafts not only the PC.

Functional: Functionally related are placed close together – numeric pad.

Sequential: organized w.r.t. to the order of their use – er.

Frequency: how often they are used – chain wheel printer.

3-4.2 environment

Where (office vs. field) , By whom (tall vs. short, fat vs. slim, ..) , sitting (back support) or standing (enough room for movement).

3-4.3 health issues

physical position

temperature

lighting

noise

time (how long)

3-4.4 colors

as distinct as possible.

Blue should not be used as a critical information.

Red (stop, emergency), green (go, active), and yellow (standby, auxiliary function).

3-5 interaction styles

command lines

menus

natural language

query dialog

form-fills and spreadsheets

WIMP (windows, icons, menus, and pointers – toolbars, palettes, dialog boxes)

Point and click

3D interfaces.

Flat buttons vs. sculptured buttons (push me).

3D displays.

3-7 screen display

presenting information

entering information

Beauty may not be useful. 中看未必中用

Knowing what to do.

What you see is what you get.

Problems:

1. How to design a user interface for 5-year old kids?

2. How to design a user interface for 90-year old peoples?

Part 2 Design practice

1 The design process (1 weeks, Ch. 4 and 5)

2 The models and analysis (1 week, Ch. 6 and 7)

3 The evaluation (1 week, Ch. 11)

Ch. 5 The design process

5.2 s/w life cycle

flexibility study

system analysis

design: 

activities in the design life cycle Fig. 5.1 p.180: 

requirement specification

architectural design (functional decomposition)

detailed design

coding and unit testing (Testing should be in the early stage of the design process.)

integration and testing

operation and maintenance

top-down-design and bottom-up-test.

Feedback fig. 5.2 p.183

5.2.2 validation and verification

validation: check to ensure the product satisfies the customer’s requirements. (external correctness: to deliver the right thing) usually no formal proof. Language gaps exist.

Verification: check completeness and internal consistence. (internal correctness: designing the right thing) formal proofs can be expected. No language gaps.

5.4 usability engineering

validation process

user-centered design process: how useful judged by the user.

Explicit criteria: time to complete a task, ratio of success to failures, …
5.5 iterative design

to build a system and test them out on real users; feedback; redesign …
cycling through several designs incrementally improving.

Approaches of prototyping:

Throw-away

Incremental

Evolutionary
Techniques for prototyping

Storyboards: a series of pictures (snapshots) presenting the interaction features of the design. 

Limited functionality simulations: 

Fast prototyping: storyboards + limited functionality simulations with high-level lang  support.

Ch. 6 Models 

6.4 S/W systems methodology

SSM: the organization as a system including technology and people.

To find out (get the rich picture in any form) the situation instead of a solution.

Should be clear and informative to the designer.

Components:

Clients

Actors

Transformations

World view

Owner

Environment

P.228

8-3-5 Petri net

for reasoning about concurrent activities.

Components:

Places: circles

Transitions: rectangles; firing

Tokens: states on/off

Arcs: flows of tokens

Environment: tokens generated from outside the system













8-3-7 flow charts

fig 8-13
textual notations:

grammars

production rules (expert systems)

CSP (concurrent sequential processes): 

guarded command:

[ g1 ( a1 ||

 g2 ( a2 ||

 .

 .

 default ( default action.]

Links to programming languages

Links to formal specification

Both diagrammatic or textual notations deal with the two properties:

Action properties

State properties

Ch. 9

9.3 interaction models

The PIE model: WYSIWYG what you see is what you get.

No internal (block-box model), but external what you see (inputs and outputs from the user’s point of view)

D: the set of possible displays (what you see).

R: the set of possible results (what you get).

E: effects

C: commands

P: program

P = seq C 

I: interpretation function.

P (I: through interpretation) E (effects on) D and R.

Fig. 9-3 p.356

PIE: many levels of abstraction.

Ch.11 Evaluation techniques

To ensure the design actually behave as we expect and meet the requirements of the user.

P. 405

Laboratory studies
Field studies

11.4.1 cognitive walkthrough

Walkthroughs require detailed review of a sequence of actions: step through action sequence to check for potential problems. Evaluation by experiments.

Cognitive (認知) walkthrough: the focus is how easy a system is to learn.

To do it, you need four things:
1. a description of the prototype of the system.

2. a description of the task the user is to perform.

3. a written list of actions to complete the task.

4. indication of who the users are (the background)

Prototype and Manual.

For each action, the evaluators try to answer four questions:
(Task and actions) link with (what the user expected to perform.)

U-I-S-O-U  

It is vital to keep a record of what is good and what needs improvement in the design.

11.4.2 heuristic evaluation

Several evaluators independently critique a system to come up with potential usability problems.

The heuristics are related to principles and guidelines: p.413, 414.

11.4.3 review-based evaluation

Evaluation through reviewing similar designs reported in the past.

Differences as well as Similarities should be taken into account.

11.4.4 model-based evaluation

Combining design specification and evaluation into the same framework.

Human Factors research methodologies:
基本研究方法:

(1) Descriptive studies (描述法): 

   e
(2) Experimental Research(實驗法)

(3) Evaluation Research(評估法)

Variables

Criteria Measures

Reliability

Validity

Human Reliability

Part 3 Applications

Students are grouped in an interface design study.

理髮店








