Diverse Contributions to Implicit
Human-Computer Interaction

PhD thesis by Luis A. Leiva
advised by Roberto Vivo and Enrique Vidal

A5 UNIVERSITAT
A7) poLTECNICA

%/ DE VALENCIA

November 8, 2012



Presentation Outline

Introduction

Interactive Usability Evaluation
Behavioral Clustering

Human Multitasking

Adaptive User Interfaces
Interactive Pattern Recognition

Conclusions

Slides available at http://personales.upv.es/luileito/phd/defense.pdf

15

20

24

28

38

Diverse Contributions to Implicit Human-Computer Interaction



http://personales.upv.es/luileito/phd/defense.pdf

Introduction

Diverse Contributions to Implicit Human-Computer Interaction 2

L tUUHUUHUmUoOOsssTTTT S




direct manipulation
command interfaces

| demand ==

tana

=

LT

&= allen

abstraction
automation

ﬁhk'-'.L;_J_};')

alerts
direction _
i
= /1/t1atIvVe wmp
ambient
agents

Diverse Contributions to Implicit Human-Computer Interaction




Motivation

The intention of the user is mostly hidden.
Direct user feedback is difficult to gather and unreliable most of the time.
Users are unique, but some behaviors are common.

Making computers more useful and tailored to our needs.
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Previous Work

e Ubiquitous Computing [Weiser, 1993]

e Calm Technology [Weiser and Brown, 1996]

e Proactive Computing [Tennenhouse, 2000]

e Ambient Intelligence [Hansmann, 2003]

e Perceptual Interface [Wilson and Oliver, 2005]

e Untold Feedback [Tan and Teo, 1998]

e Subsymbolic Behavior [Hofmann et al., 2006]
e Subconscious Awareness [Yoneki, 20006]

e Passive Actions [Grimes et al., 2007]

e Implicit Intentions [Kitayama et al., 2008]
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Implicit Interaction

An action performed by the user that is not primarily aimed to interact
with a computerized system but which such a system understands as
input.

[Schmidt, 2000]
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Thesis Statement

1) There is a lot of information inherently encoded in user interactions, which
2) can be measured and from which it is possible to extract meaningful
knowledge, and therefore 3) can be leveraged in a wide spectrum of

applications and tasks.
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Interactive Usability Evaluation
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Interactive Usability Evaluation

Development of Simple Mouse Tracking (smt2)

e Lowering usability costs
e Hypervideo-based visualization
e A tool for user modeling

e +100K downloads since 2009
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(smt)? - simple mouse tracking

Logged in as root — disconnect

Customize

User logs
m_-r."_m

sortable columns

AuMCyx eg800998ectB427e 2010-10-01 20:01:11 5.00 56 view &7 analyze delete

AuMCyx €9800998ecf8427e 15 2010-10-0119:51:273 3.79 50 view £7 analyze delete

AuMCyx e9800098ect8427e 1 2010-10-0115:53:55 18.71 514 view &7 analyze delete
8853a5cbiagq13cca b3zc2ifbeaoch8d6 59 2010-10-01 15:19:43 14.04 140 view £/ analyze delete
8853a5cbiagq13cca b3z2c2ifbeaoch8d6 59 2010-10-01 15:12:46 12.12 144 view i analyze delete
8853a5chiaqigeca b32c2ifbeaoch8d6 58 2010-10-0115:02:34 10.07 102 view i analyze delete
8853a5chiaq13cca b32c21fbeaocbh8d6 57 17.25 254 view i analyze delete
8853a5chiaq13cca b32c21fbeaoch8d6 57 2 9.42 88 view i analyze delete .
8853a5ch1aq13¢cea h3zc2ifbeanch8ds 56 2010-10-01 14:54:01 6.71 8g view & analyze delete paglnated results
8853a5chiagq13ceca b32c21fheaoch8d6 56 2 6.04 73 view @ analyze delete I

More results .
Mine results
segment uscers
Leave fields blank for default values
| _Fliter by |
Page ID‘ e ﬂ Client ID| -—— ! Operating System | -— n Browser| — E Only first-time users group logs
Records perc[nery Group resultby| —— ﬂ .
November 2010 12:00 am

Time range (seconds)

from| | mof -

min. 123 — max. 368

Apply filter Reset filter

Mo Tu We Th Fr Sa Wl Hour Minute

1 2 3 4 5 6

7 8 9| 10| 11| 12) 13

14, 15| 16/ 17| 18/ 19 20

21| 22| 23| 24| 25| 26| 27
28 29| 30

Today Done

Formak @ XML' O TXT! T csv? 18V | Download Iog.

1 each log is stored in a single file, then all are compressed in a ZIP file. I

2 all logs are dumped in a single file (logs are separated by a newline). .
export oflline

report a bug

some Tights reserved
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LAYERS

CUSTOr SELECTIONS

background auerlay

.
ol
127 points in cluster @ (452, 329)

b
: inuert layers

interacted areas
toggle all/none
rmauze path

e rHing: pe default selection
dwell firmes iy selection

drag&drop/selections TIME CHRRTS

clicks
A coords us, fime
direction & distances

B EnrEne Y coords us. time
path centroid 20 (experimental)

rnouse pointers
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(smt)? - simple mouse tracking

d in asroot — disconnect

Tracking report

+ Back to tracking index

Raw Log Data

Client details
T o e T

20100503 201803.html Flrefox 3. 6 on Windows i 1280 x 800
e o vﬂNcala e | 5 4

o b 4
b - L “Madrid ﬂemm “Eh v
(A O, =t
iy =/
. Talavera QToIedo ¥

Caceres
S de 2 Reina s \Espaﬁa t\\ .

" Spain \Npamm ,.'

Interacted elements

hovered elements (frequency) clicked elements (frequency)
Lizlisti_4=21.81%
DIV.blanco-contenido FORM = 17.97%

LIzlisti_5=16.13% LI#list1_2 =133.33%
LI#listh_3=15.21% LI#list1_3=133.33%
Ll#listi_2 =12.44% LI#list1_4=133.33%

LIzlist1 6=6.01%
LI#list1_1=5.07%

Interaction metrics
mmm- SR AR AR A .
4.52, 1504, 467, 0.36, 390, 59.18,
nod 0-58 6.35 2114 286 0.43 252 x34 82.21
o, o, 0, 0, 0, o, 101.36,
0 0 o
[+ o o o o o 74.56
Notes:

1. First row is j, while second row is a.
2. Values for activity and scroll reach are reported as per-unit: 0 < value < 1.
3. Comma-separated values denote a column vector (X and Y components).

Click Path

Hover on each link to see more details. show all hide all

2[1]=[2]=[3]1-[4]=[5]1—=[6]—-[7curreni (z150) | view 7 |delete | =[8] =[9] = [10] = [11]=[12]=[13]—=[14] = [15]=[16]=[17]—~[18]

report a bug
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These people have tried smt2

A\ Observatoario
de Tendencias
United States* l \ :. del Habitat

Census
\ 2010

¥ SIVARIS
ﬁ'Human Interfaces Inc. bnlt|peters

W smAsHING YAHOO

Pepe Gimeno Proyecto Grifico a Qagroup company
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Behavioral Clustering
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Behavioral Clustering

Website Modeling

Subtrajectory ldentification
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Website Modeling Evaluation

NM

nnnnnnnnnnnnnnnnnn

sssssss taﬁdd.ﬁnln.nnhm&iaﬁmmﬁ

1 L+ G55 ¥ A

5K samples 6K samples 2K samples
60 URLs 40 URLs 20 URLs
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SQE (o< intra-cluster variance)

Website Modeling Evaluation

p—t
-
©

# Clusters (k)

SQE (o intra-cluster variance)

p—d
oy

p—d

o
3}

-

\ —— LAKQ
‘\ --- NM
L |
\
\\\ k=06
\\.(5
5 _____ S~ - = =
| | | | |
2 6 10 14 18

# Clusters (k)
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Subtrajectory Identification Evaluation

WKM algorithm

K-means WKM K-means WKM
27 iter., 68 ms 7 iter., 4 ms 19 iter., 147 ms 4 iter., 68 ms
oY) I o
%.. \..
Spiral: 613 points, 5 classes Hello: 836 points, 5 classes

Other experiments with sensor data (UCI ML repository)
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Human Multitasking
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Human Multitasking

Multitasking is costly.

MouseHints: Using the mouse cursor as a proxy of attention.

W3C providés a number of views of its specifications. including:

= by teshnology topic (such as “all the HTML-related specifications”) = by technology topic (such as “all the HTML-related specifications”)
« by status-this is an approximation of the "classic” TR view, with recent publications-at the top and « by status+this is an approximation of the "classic" TR view, with recent publicafions at the top and

then all specific; s grouped by status, from Recommendations to drafts then all specificatians grouped by status, from Recommendations to drafts
« by date (most recent af'the top) + by date (most recent

+ by group (who is working oh.the specmr‘iin) » by group (who is working ofrthe specification)
_~

If you are learning about Web technology, you may Wish to start with the introduction below, and follow links for If you are learning about Web technology, you may wish to start with the introduction below, and follow links for

Raw trajectory viz IDT viz

W3C provides a nurier of views of its specifications. including: W3C provides a number of views of its specifications. including:

= by technology fopicysuch as “all the HTML-related specifications’ . ‘hytechnologytopm (such as “all the HTML-related specifications”)

« by status (this is an approximation of the "classic” TR view, recent publications at the top and + by status (this is an approximation of the "classic” TR view, with recent publications at the top and
then all specifications grotmed by status, from Rec endations to drafts) then all specifications grouped by status, from Recommendations to drafs)

« by date (most recent at the top) + by date {most recent at the top)
* by group (who is working on the fion) * by group (who is working on the specification)
If you are learning about Web technology. you may wish to start with the introduction below, and follow links for If you are learning about Web technology. you may wish to start with the introduction below, and follow links for

WKM viz DOM-based viz
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MouseHints

& o B

Get Add-ons | Extensions = Themes Lahguages Plugins

MouseHints 0.1

A Visual Interaction Assistant for Easing Task Switching in Parallel
Browsing

| Preferences | Disable || Uninstall

. :
o 3 Ubuntu _F[refox Mo © @® @ MouseHints pref
Ubuntu Firefox Pack.
FPS {max. 100)
a5

Timeout (seconds)

600

Display dwell times

| Find Updates |

| % Close

0 maximize consensus about QUICK LING maximize consensus about QuUICK LING lo maximize consensus about QUICK LING jlo maximize consensus about QUICK LING 0 maximize consensus about QUICK LING
eam endorsement by W3C and o eayn endorsement by W3C and o earn endorsement by W3C and b earn endorsement by W3C and earn endorsement by W3C and
N
All Specificd All cificd M AII__Speci!lc: All SpecificH All Specificg
Eecent . o o i Hecqln! Recent ﬁecent
Subscribe | o Sub?cribe Subscribe Subscribe
publications at the top and qullcatmns atthé"tup and | publications at the top and publications at the top and
afts) FAQ afts) FAQ afts) FAQ afts) FAQ
About Stan : T. ~ About Stan About Stan About Stan
n below, and follow links for USE THE 9§ i below, and follow links for USE THE 9 i below, and follow links for USE THE 9 n below, and follow links for USE THE S n below, and follow links for USE THE S
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Evaluation Results

2 groups of 18 users each

Mean task resumption (ms) Mean task completion (min)
2,500 |- - 6 I I .
1,500 | | L . 4 T

I 2 b L

500 |- -

| | | |
Control Exp. Control Exp.
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Adaptive User Interfaces
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Adaptive User Interfaces

Interaction-based Ul redesign.

Unattended + attentive + smooth adaptation.

Teading

Widget

Open| |Save|

Heading

Lorem ipsum dolor sit amet,
consectetur adipiscing elit. Etiam non
leo ac enim blandit vehicula sit amet
eu lorem. Duis pellentesque mauris a
libero fringilla laoreet.

® Integer ornare feugiat orci.
* Nibh quis gravida malesuada.

Nunc elit purus, lobortis nec posuere
at, adipiscing porttitor massa. Donec
eu lorem velit, eget auctor ligula.
Suspendisse a lacus nisi. In et massa id
odio laoreet blandit.

Widget

Open| | Save

Heading

Lorem ipsum dolor sit amet,
consectetur adipiscing elit.
Etiam non leo ac enim blandit vehicula
sit amet eu lorem. Duis pellentesque
mauris a libero fringilla laoreet.

* Integer ornare feugiat orci.
+ Nibh quis gravida malesuada.

Nunc elit purus, lo0bortis nec posuere
at, adipiscing porttitor massa. Donec
eu lorem velit, eget auctor ligula.
Suspendisse a lacus nisi. In et massa id
odio laoreet blandit.

Footer text

bibendum faucibus dapibus

Footer text

bibendum faucibus dapibus

Because one

size does not fill all.
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ACE: Adaptive CSS Engine

CSS  XPath

v

app

elems evts

Developer

User

Edit View
Open Messag Easdenva Grade Level
High School |
Save Middle School High School
Elementary School Middle School
Standardized Tests Elementary Schoaol
ACT
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TRANSPORT COMPANY

We care about your cargo

MAIN PAGE TRACKING RATES PICK UP|

WELCOME TO OUR TRUCK TRACKING COMPA]

Donec dictum luctus turpis, pharetra rutrum velit elementun
Cuisque tincidunt metus id arcu rutrum id congue odio scel
Proin nec eros vel erat commodo venenatis.

Duis vehicula leo ut urna ultrices dictum sed id nulla. Cras
feugiat ante congue id eleifend ante porttitor. Nunc suscipit]
odio venenatis et feugiat tortor commodo.

Fusce sodales, odio vitae rhoncus ulfricies, eros urna matti
eget venenatis tellus dolor sit amet lectus. Aenean leo sapil
et lacinia aliquam, egestas ac ligula.

FEATURED SERVICES

= Lorem ipsum = Sed in nunc odio dapi
= The forum = Suspendisse auctor
= Dolor sit amet = Integer dui velit

= Consectetur adipiscing elit = Fusce sodales

Fostering creativity

K TRACKI

& Copy; 7ht inform

TRANSPORT COMPANY

We care about your cargo

MAIN PAGE TRACKING RATES

WELCOME TO OUR TRUCK TRACKING COMPA]

Donec dictum luctus turpis, pharetra rutrum velit elementuni
‘Quisque tincidunt metus id arcu rutrum id congue odio scelf
Proin nec eros vel erat commodo venenatis.

Duis vehicula leo ut urna ultrices dictum sed id nulla. Cras
feugiat ante congue id eleifend ante porttitor. Nunc suscipitj
odio venenatis et feugiat tortor commodo.

Fusce sodales, odio vitae rhoncus ultricies, eros urna mattig
eget venenatis tellus dolor sit amet lectus. Aenean leo sapi
et lacinia aliqguam, egestas ac ligula.

FEATURED SERVICES

» Loremipsum = Sed in nunc odio dapij
n The forum m Suspendisse auctor
» Dolor sit amet m nteger dui velit

» Consectetur adipiscing elit m Fusce sodales

i© Copyright inform

TRANSPORT COMPANY

We care about your cargo

MAIN PAGE TRACKING RATES PICK UP S

WELCOME TO OUR TRUCK TRACKIN|
COMPANY

Donec dictum luctus turpis, pharetra rutrum velit eld
nec. Quisque tincidunt metus id arcu rutrum id cong
scelerisque. Proin nec eros vel erat commodo veng

Duis vehicula leo ut urna ultrices dictum sed id nullg
facilisis orci feugiat ante congue id eleifend ante pol
Nunc suscipit diam eget odio venenatis et feugiat td
commodo.

Fusce sodales, odio vitae rhoncus ultricies, eros urna mattis§
venenatis tellus dolor sit amet lectus. Aenean leo sapien, la
lacinia aliquam, egestas ac ligula

FEATURED SERVICES

= | orem ipsum = Sed in nunc odio df
= The forum nulla
= Dolor sit amet = Suspendisse auctof

= Consectetur adipiscing elit = Integer dui velit
= Fusce sodales

iZ Copyright inform
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Interactive Pattern Recognition
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Interactive Pattern Recognition

MIPFRC YV

NS OLIDER | NG ENI O 2 010

Mulflmodol Interaction in P attern Recognition and Computer Vision

Contributions: Ul prototype development & user evaluation
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General Framework
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General Framework

= I

h
f | feedback

X Multimodal h
. >
Interactive System
x;, h,
X,y h2 f
t» Off-line On-line
( Training Training
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Deployed Interactive Protocols

Structured input (fixed order)

Desultory input (no order)
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Interactive Handwriting Transcription

///)7}747 /;r;r/ p‘////f/ //////‘2’/ S i cobers

happen just after

| e ?
St
&

Automatic output: “Happen just after the bird dog river”
Corrective feedback: “Happen just after th” 4 pen strokes
Amended output: “Happen just after this fish hod risen above”
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Evaluation Results

2 groups of 13 users each

14
100 - T -
12 | -
g 12| 1 o < 80| .
) < S
= 10 1 2 W =
- 6| 40 |- .
__ J ;
8 | | T | 20 | |
Control Exp. Control Exp. Control Exp.
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Interactive Image Retrieval
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Interactive Image Retrieval

Query refinement suggestion

Are you looking for coolkie chip chocolate?

Tag cloud suggestion

chip chocolateeasy
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Evaluation Results

Query refinement suggestion Tag cloud suggestion

—F— Bad —<— Neutral —@— Good

| | | 25 |
g O | g |
: / 3201
s B B -
- W = 151 1
= > J_
: 20| . < 10 LT T
E E\B\E Di J_J‘J‘IJT_ITT
SIS . = 5 -+
‘ ‘ ‘ 0 T T T T T

\ \
1 23 45 6 7 8 910
# Selected images Tag rank position
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Conclusions
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Conclusions

Virtually any application can benefit from implicit interactions.

Advantages

e Every user interaction may contribute to enhance the system utility.
e They are a useful complementary tier.

e They can be gathered for free, without burdening the user.

e [hey are valuable to understand how people interact with computers.

Drawbacks

e They do not provide always clear information.
e Some assumptions need to be made.
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Research Dissemination

In the academia:

23  Conference papers (plus 3 in preparation)
3 Journal papers (plus 4 in preparation)
3  Workshop papers
3 Book chapters
3 Research awards

In the industry:

4 Technology transfer projects?
3 Issued patents (pending)

I Available at http://www.upv.es/carta/
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Appendix

Available prototypes:

Interactive Usability Evaluation: http://smt2.googlecode.com/

. Sequential Clustering: http://personales.upv.es/luileito/wkm/
Human Multitasking: MouseHints Firefox extension

Adaptive Uls: http://personales.upv.es/luileito/ace/
Interactive Image Retrieval: http://rise.iti.upv.es/

. Other deployed MIPRCV prototypes: http://cat.iti.upv.es/

S o1k
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Outlook

Prevalence of web applications
Cursor data: mouse/pen vs. touch

Future work
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" {QUESTIONS %

SWERS >
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