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A User modelling for pervasive applications
I Introduction, Keystroké_eveiModel
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A Development support for pervasive applications
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A Combination of toolkit, user models, and IDE
I Design and architecture
I Programming by demonstration and stageaphs

A Summary and Conclusion
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Example Model 1ThreeStateModel

Raise Mouse Button Up

A Describes graphical input
A Simple, quick, expressive

A Possible extensions:
T multi-button interaction

. . Qut of Range Tracking Dragging

I stylus input

i direct vs. indirect input Buxton, W, 1990, A Thregtate Model of Graphical Input

In INTERACT'90, 4496
& 0 - 0 III I:I
Z 1 | 5 ey &
2 T 2 2 Ti r
e ime
@) & (b)

Dragging tasks: (a) mouse (b)-&fid-tap touchpad. MacKenzi€003]
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Example 2D dzA |- MaERe{Dd Bimanua$kill

A Many tasks are asymmetric with regard to left / right hand

A D dzi | mdBeQdentifies the roles and actions of the
non-preferred and preferred hands

o—— \ f Preferred hand
ujollows the non
preferred hand
oworks within
established frame of
reference set by the
non-preferred hand
operforms fine
movements

Non-preferred hand
weads the preferred
hand ;
usets the spatial frame
of reference for the
preferred hand
wperforms coarse
movements
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Example 2D dzA | Mb#Ref{od Bimanual Skill

Task Characteristics

Scrolling o precedes/overlaps other tasks
e sets the frame of reference

e minimal precision needed (coarse)

Selecting, o follows/overlaps scrolling
editing, reading. | o

: works within frame of reference set by scrolling
drawing, efc.

¢ demands precision (fine)

'ﬂ—.‘-.!-.

IIW

Microsoft Office Keyboard
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The GOMS Model

A G: goals
I (Verbal) description of what a user wants to accomplish
I Various levels of complexity possible

A O: operators
I Possible actions in the system
I Various levels of abstraction possible (sydals / ... / keystrokes)

A M: methods
I Seqguences of operators that achieve a goal

A S selection rules
I Rules that define when a user employs which method

A User tasks are split into goals which are achieved by solvin
sub-goals in a dividand-conquer fashion

Card, S. K.; Newell, A.; Moran, T. P., 1983, The Psychology of-Bomanter Interaction (Book)
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GOMS Example: ATM Machine

A GOMS gives an early understanding of interactions
Aal 2énott 22a4S e&2dz OF NR¢

GOAL: GET- MONEY GOAL: GET- MONEY
GOAL: USE- CASH MACHINE . GOAL: USE- CASH MACHINE
INSERT- CARD : INSERT- CARD
ENTER PIN : ENTER PIN
SELECTF GETF CASH : SELECTF GETF CASH
ENTER AMOUNT : ENTER AMOUNT
COLLECT MONEY : COLLECT CARD
COLLECT MONEY

(outer goal satisfied!)
COLLECT CARD (outer goal satisfied!)

8 Y\
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Models: Levelsf Detall

A Different levels of detail for the steyud
atask performed by a user

A Abstract:correct wrong spelling

A concrete: mark- word

delete - word
type - word

A KeystrokeLevel: noid - shit

n-cursor - right

recall - word
del - key
n-letter - key

9 N
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Keystrokel.evel Model

A Simplified version of GOMS

I only operators on keystrokkvel
I no subgoals
I no methods

T no selection rules

A KLM predicts how much time it takes to execute a task
A Execution of a task is decomposed into primitive
operators

I Physicamotor operators

A pressing a buttonpointing, drawinga ling X
I Mental operator

A preparingfor a physicahction
I Systenresponseoperator

A userwaits for the system to dsomething
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Task

Switch your mobile phone to silent mode

Get your phone 3.89 sec.
Remove key lock 0.99 sec.
Enter PIN 1.72 sec.

Wait for confirmation 2.70 sec.
Enter silent mode 0.99 sec.
Switch on key lock 0.99 sec.

11.28 seconds
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Basics to Build On

A Cognitive mOdeuingAéderson, J. RRules of the MindLawrence
Erlbaum Associates, 19)33
GOMSC(ard, S. K., Newell, A., and Moran, TTRe Psychology of Human
Computer Interaction.awrenceErbaumAssociates, 198)3

A KeystrokelevelModel (card, s. K., Moran, T. P., and Newell: Fhe

Keystrokel_evel Model for User Performance Time with Interactive Systems
Communications of the ACM 23, no. 7. 1980.-396.)

KLM Operators:

I Mental Act, M

I System Response Time, R
I KeypressK

I Homing, H

I Pointing, P

i Drawing, D
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Task

Switch mobile phone to silent mode

Get your phone
Remove key lock
Enter PIN

Wait for confirmation
Enter silent mode
Enter key lock

Initial Preparation

Hotkey+ System Response
4*Key, Hotkey

System Response
Hotkey+ System Response
Hotkey+ System Response

K, R
4*K, K

K, R
K, R

13 ¥

3.89
0.99
1.72
2.70
0.99
0.99
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Calculate Interaction Time

execute E r OP set of available operators

OFEOP Nop #occurrences of the operatap

| + B*Iﬁey]+ 3*R +4*K[hotke)ﬂ + motkey] + R

= 11.28 sec.
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KLM In Use at CHI et al.

A Systems and Applications

I Gong, R.Elkerton J. Designing Minimal Documentatioblsing a GOMS Model: a Usability Evaluation of
an Engineering Approach. In Proc. CHI 1994.080 1990

i John, B. E., Extensions of GOMS Analyses to Expert Performance Reguogpgion of Dynamic Visual
and Auditory Information In Proc. CHI 1990. 1Q715. 1990

i John, B. E., Vera, A. H., A GOMS AnalysiG@pdic Machingpaced, Highly Interactive Taskn Proc. CHI
1992. 251258. 1992

i Gong, RKierasD., A Validation of the GOMS Model Methodology inDleeelopment of a Specialized,
Commercial Software Applicatiarin Proc. CHI 1994. 3857, 1994

i Haunold P., Kuhn W., A Keystroke Level AnalysisGraahics Application: Manual Map Digitizingn Proc.
CHI 1994. 33343. 1994

i Balter O., Keystroke Level Analysi€ofail Message Organizatiom Proc. CHI 2000

I Manes, D., Green, P., and Hunter,®ediction of Destination Entry and Retrieval Timgsing Keystroke
Level Models (Technical Report UMBBRI37). The University of Michigan Transportation Research
Institute

i Hinckley, K.Guimbretiere F.,.BaudischP.,Sarin R. Agrawala M., andCutrell E.,The Springboard:
Multiple Modes in one Springoaded Control In Proc. CHI 2006. 1-890.2006
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KLM In Use at CHI et al.

A Mobile Phone Text Input

i Dunlop, M.D.CrossanA.,Predictive Text Entry Methods for Mobile PhoneBersonal
Technologies, 4¢3), 2000

I SilfverbergV., MacKenziel. S.Korhonen P.Predicting Text Entry Speed on Mobile
Phones In Proc. CHI 2000;1%. 2000

I James, C.LReischelK.M.,Text Input for Mobile Devices: Comparing Model Prediction
to Actual Performanceln Proc. CHI 2001, 3@51

I MyungR.,Keystrokelevel Analysis of Korean Text Entry Methods on Mobile Phanes
International Journal of Huma@omputer Studies 60,6, HCI Issues in Mobile
Computing. 545%63. 2004

I PavlovychA.,StuerzlingerW.,Model for Nonexpert Text Entry Speed on dutton
Phone Keypadsin Proc. CHI 2004. ACM Press.-358. 2004

I How Y., Kan M.XQptimizing Predictive Text Entry for Short Message Service on Mobile
Phones In Proc. HCII 2008005
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KLM In Use at CHI et al.

A Mobile Phone Interactions

I Mori, R.,Matsunobe T., Yamaoka, R, Task Operation Prediction Time Computation
based on GOMELM Improved for the Cellular Phone and the Verification of that
Validity. 2003.10, Journal of the Asian Design International Conference. Vol.1. 2003

i Luqg L., John, B. EPredicting Task Execution Time on Handheld Devices Using the
Keystrokelevel Model In Extended Abstracts CHI 2005. 1-4698. 2005

I Teq L., John, B. EEomparisons of Keystrokkevel Model Predictions to Observed Data
In Extended Abstracts CHI 2006. ACM Press.-1426,2006

I Holleis, P., Otto, F., Schmidt, A., HussmanrK&ystrokeLevel Model for Advanced
Mobile Phone Applicationsin Proc. CHI007
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Keystrokel.evel Modelk Example Task

9 Y

Task in MS Word, add a 6pt space after the current paragrag

— Word 2003:

Actions

Locate menu OFc
Press ALTo or mouse click
Locate entry OF
Press O6p06 or mc
Locate item in dialogue
Point to item

Enter a 6 for a 6pt space
Close the dialogue (ENTER)

Operator Estimated Time
(keyboard) (in sec.)

M 1.35

K,K 2*0.28
M 1.35
K 0.28
M 1.35

K,K 2*0.28
K 0.28
K 0.28

Operator Estimated Time
(mouse) (in sec.)

M 1.35

P,B 1.10+0.10
M 1.35

P.B 1.10+0.10
M 1.35

P,B 1.10+0.10
K 0.28
K 0.28

— Word 2007:

-

Sum (keyboard): 7.22 sec.

Sum (mouse): 7.65 sec.

Operators: K (key press), P (mouse pointing), B (mouse button press), M (mental ac
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KLMc¢ Application

A Model and basic values validated in the last 25 years
A Valuable especially for experts / with many repetitions
A Available operators:

I Mental Act, M
I System Response Time, R
I Keypress, K However:
i Homing, H Onlyfor desktop / mouse
. i /| keyboard setting
| Pointing, P
I Drawing, D — Extensionfor
mobile interactions
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Models for Mobile Applications Why?!?

A Task completion time interesting for

I Timecritical applications
A emergency
A Medical
A Interaction chains
A between tasks

I Userfriendly applications
A concentrate on important things
A when to introduceshortcuts

A General advantages
I Can helpsn deciding between alternative design
I Can identifybottlenecks
I Can providedlustrativefigures
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Interactions with Mobile Phones

Input capabilities

Keypad, hotkeys (numbers, text, control)
Microphone

Camera

Sensors (like accelerometers)

Bluetooth etc.

Readergtags

o To T T To Do

Touch a tag

Scan a visual tag

Take a picture
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Interactions with Mobile Phones

Input capabilities

A Keypad, hotkeys (numbers, text, control)
A Microphone
A Camera
A Sensors (like accelerometers) Used as
A Bluetooth etc. A Remote control, data storage,
A Readers (tags) personal key, organiser, payment,
browser X
A aLKeaArAOlf Y2oAfS
Enabled additional interactions (Rukzio et al. [32])
A Speech .
A Gestures Pecu_llarltles
A Location sensitive A Size
A . A More likely to be distracted
g/larkedr detglgtlo_n (RIFIDd’ NI):C’ A Need to switch attention between
arco_ €S, visual codes phone and real world
A Pointing
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Extensions for Novel Mobile Interaction

A Current mobile interactions use

Keypad, hotkeys

I
I Microphone
:

|
|

Sensors like accelerometers

"~ Visual markers, tag readers (NFC)
" Bluetooth

A Method for Extending the Model:
I Large set of studies
I Software on the phone
I Video frameby-frame analysis
I Eyetracker

— Total number of actions measured: 2134
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Extended KLM Operators

A
A

To JTo To To To Ix o T I

Mental Act, M

System ResponsBk, <—— unchanged

Keystroke button press, K

Homing, H <—— adapted operator value
Pointing,P

Micro attentions Shift,S;;.,
Macro attention shift, S, ..
Finger movement F
Distraction X

Gesture G

Initial preparation |

<—— newly added
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Micro Attention ShiftS,:...

Switch attention between phone parts

display

26
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-

Svicro ¢ Operator Time Estimation

‘ Task 1: write a text message Task 2: change the ringtone. Task 3: set alarm clock

4
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Svicro ¢ Operator Time Estimation

Study
I 10 participants, 2484 years, 6 female

Micro Attention Shift:

1500 shifts detected

Using automatic eyracking

Svicro = 0.14sec

3 pre-set tasks

400
350
300
250
200
150
100
50
0

Micro Attention Shift

| . . I !

1 59 117175233291 349407 465523581 639 697 755 813 871 929 98710491031612192772339393451509



y 29 ¥
Macro Attention Shifts,..q

Switch attention between phone and real world
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Svacro G Operator Time Estimation

Study

— 9 participants, 2216 years, 2 female
— 121 detected shifts

— Frameby-frame analysis of video footage

— No significant difference in the two directions
(t=0.57, p>0.36)

0,90
0,80
0,70

0,60 ||
0,50
0,40 lI
0,30
0,20
0,10

0,00

Macro Shift: 0.36ec

30 ¥

(quartiles: 0.24, 0.44)

Macro Attention Shift

|

|

T

1 6 11 16 21 26 31 36 41 46 51 56 61 66 71 76 81 86 91 96 101 106 111 116 12:
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Distraction, X

Distraction: multiplicative
StUdy Xslight: 6%>Xstrong: 21%
I 10 participants, 2483 years, 3 female
i Short message in 3 settings (quiet room, standing outside, walking)
i Relative slondown (significantt=2.23, p<0.03 and t=3.28, p<0.01)

O silent room
— [ stand on street
B walk on street

g

Person

r(
=
~

Time to type one character (in sec

9 10
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New KLM Operators: G

A Gesture. = 0.80 sec Movements with the phone

treated as input

10 participants, 233 years, 5 female

Samsung SGH760, builkin accelerometer, standard applications, games

Simple gestures only
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New KLM Operators: F

A Finger Movement, F= 0.23 sec.
(hotkey regiononly. F =0.16)

Analysed 323 key presses
Used $vicro] to calculate
Holds for semiand fully experienced people

SilfverbergMacKenzieKorhonen 0.27, Mori et al.: 0.19
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New KLM Operators: |

A Initial Preparation | = 4.61
I externally initiated: | =5.32
I Internally initiated: | = 3.89
I optimal setting: | =1.18

10 participants, 254 years, 4 female
Large differences due to different storage of phones

Depends on whether user starts or is, e.g., called
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Extended KLM Time Prediction

Set of Available Operators:
OP: {A’ F, G’ H, I, K, M, P’Saicro’ SMacro}

Total Execution Time:
Texecute: Z (nop T dop ] Xslight + Dop ] Xstrong) 0P

op=OP

n,,: #occurrences of the operatap e OP without any distraction
dop- #occurrences of the operatap e OP under slight distraction (modelled B,
D,p: #occurrences of the operatap € OP under strong distraction (modelled B,
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Advanced Mobile Phone KLdWalues

Operator Time Qu.l1 Qu3 Operator Time Qu.l1 Qu3
picture / marker 1.23 0.61 144 M, Mental Act 1.35
A Action NFC 0.00 - - P. Pointin 1.00 0.84 1.20
In general variable, input to model 246 2.80
B, lMouse Button Press not applicable 'S E visual marker 2.09 282
D Mouse Drawing not applicable in general variable, input to model
0.20 0.29 Suscre. Macro Attention Shift 0.36 0.28 0.44
0.73 0.87 keypad — display 0.14 0.14 0.19
H, Homing 095 081  1.00 Suicre. Micro hotkey « display 012 002  0.14
external trigger 5.32 398 751 Attention Shift  yeynaq . hotkey 0.04 0.02 0.12
| self triggered 3.89 223 489 in general 0.14 0.10 0.16
Initial Act  ontimal setting 118 110 126 slight 6% 3%  13%
no assumptions 4.61 - - X, Distraction strong 21 % 11 % 25 %
keypad average 0.39 0.37 0.43
K, ' 0.33 .
e s | SOMe are to be revised

every now and then ...
€ 4
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KLMc¢ Existing Extensions

A Example: text input on small devices

Text Entry Method WPM Reference

T9 25.0 [Dunlop and Crossan 1999]

T9 index finger (thumb) 45.7 (40.6) [Silfverberg, MacKenzie, and Korhonen 2000]
T9 17.6 [James and Reischel 2001]

T9 expert(novice 4.80(3.80 [Cockburn and Siresena 2003]

T9 novice 7.58 [Pavlovych and Stirzlinger 2004]

Multitap 18.4 [Dunlop and Crossan 1999]

Multitap 14.9 [Dunlop and Crossan 2000]

Multitap index finger (thumb) 22.5(20.8) [Silfverberg, MacKenzie, and Korhen 2000]
Multitap 14.9 [James and Reischel 2001]

Multitap expert(novice 8.20(5.00 [Cockburn and Siresena 2003]

Multitap 7.15 [Pavlovych and Stirzlinger 2003]

Multitap novice 5.87 [Pavlovych and Stirzlinger 2004]

Multitap expert fovice 30.4(25.7) [Holleis, Otto, et al. 2007]

37 Y
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Extended KLM Empirical Validation

A Task: buy a public transportation ticket from A to B
A Implemented 2 ways of performing the task

I Access through mobile web browser
I Direct interaction with NFC tags

A Comparison:

I Created the two Keystrokkeevel Models

i Study: 9 people, 234 years, 3 female [k e
K@y
|| Child 8\
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Time in seconds

250

200

150

100

50

Browser Interaction

NFC Interaction

Extended KLM Empirical Validatio

mKLM  Study @ KLM  Study
123 i 147 137
I A

|

Predicted speed loss: 20%

Actual speed loss: 17%

9
N
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Experiscope& Visualizing KLM

A Analyticaltool for designers to explore the results of quantitative

evaluations
A Combines = Toolbar
i Threestate Model % O, ®
i KLM - P
I < W : O
L
® oo
T o 3
L O
Es E o ﬂ;
& -
= E — — @ L

Guimbretiéreet al. ExperiScopeAn Analysis Tool for Interacti&nl & I =/ | |

\ 4
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Models

A John, B. E. (2003)
Information processing
and skilled behavior. Ir
J. M. Carroll, (Ed.),
Toward a
multidisciplinary
science of human
computer interaction.
Morgan Kaufman

"

Computational
cognitive
architectures

Conceptual frameworks

Task analysis
techniques

b=

L

| -

o~

Task analysis

General GOMS

Il ah B

Other task analysis
techniques (e.g., see
Kirwan & Ainsworth, 1992;
Vicente, 1999)

CMN- NGOMSL CPM-
GOMS GOMS
Other
hitectures,
NGOMSL  CPM- (oo acrrem,
inCCT GOMS in Soar, EPIC, see
Apex Pew & Mavor,
1998 )
MHP
Serial Parallel
stage models multi-
processor

stage models

Stage models of human
information processing
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pra

I
l
-

K__..— The critical path of the proposed

workstation was not affected by

Proposed workstation
Visual
Perceptual
operators
g Aural
C v
ognitive . g :
8 C n t n * Opel'at()l's /
R-hand E 7
P t h Motor [-hand |
a. operators
Verbal
I\/I et h O d Eye movement

removing these operators.

Proposed workstation

System

operations
Visual
Perceprtual

Dp(’ralor.\

Aural

Cognitive

f)p(‘l'il[f.)l'S

R-hand —
Motor [-hand 4/ .&
operators Verbal :I/ LTlle critical path of the ','

proposed workstation was |

Eyve movement lengthened by adding

these operators.

John, B. E. (2003) Information processing and skilled behavior. In J. M. Carroll, (Ed.), Toward a
multidisciplinary science of human computer interaction. Morgan Kaufman
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Example KLM Extension

Ad Y [ :AaMethod for Predictingserinteraction
Timeand Systenienergy Consumptioduring
Application5 S & ALHo/A¢,Siewiorek D.,
L{2/ QnT

A Mapping between interaction and energy
consumption
6. dzZA@éo0YZ 53 -ROBY {athotahXv
iaLROSVY *L{LhbZX twh/ 95



Weaknesses of GOMS et al.

A Just spending time is not modelled
A Difficult to target specific users

A No real users

A Difficult to model novel interactions
A Various variable parameters

A Users like to have impact

44 N
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Strengths of GOMS et al.

A Good treatment of learning effects A Less cost in money and time

I Measurement of learnability
I Independence of sequences

I Measurement of knowledge
requirements

A Good results
I Glves reasons
I Helps in decision making
I Identifies bottlenecks
I Provides illustrative figures
I Combines various views
I Treats feasibility and cognitive load

Quick to apply
Quick to prepare
Helpful to design
Cheap to apply
Easy to repeat
Quick to analyse
Precise to interpret

Easy to convey
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GOMS / KLM Summary Example

A Example prototype: th€ombimouse

A Ergonomic models followed

A FollowsD dzA | nihEe{od
bimanual control

(for right handed people scrolling

with the nonpreferred hand)
AwSY20Sa Y[aQa | 2YAy 3

operator (H ~ 1 sec.)

http://www.combimouse.com



