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Schedule

Jan 14: Introduction

Jan 21:. Computational modeling
Jan 28: Analytical methods

Feb 4: User research

Feb 11: Literature review

Feb 18: Research strategy

Feb 25: No meeting

Mar 4: Research planning

Mar 11: Guest lecture

Mar 18: Modeling clinic

Mar 25: No meeting

Apr 1: Modeling clinic

April 8: Scientific writing

Apr 15: Scientific presentation
Independent study period

May 14: Submission of paper (PDF)
May 15: Dress rehearsal

May 16: Final presentations
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A warm up question

 What aspect of writing have you struggled with
in this course?
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Status with research

Anything you want to bring up?

If you get stuck:

1) Consult yourself, talk with a peer
2) Consult your coach

3) Email Antti

A’, Aalto University
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Preparation for this lecture

1. Pen and paper: Checklist of things you can improve
2. Your current manuscript

A’ , Aalto University
8.4.2021
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Q: Why do we learn to write in this
course?

Writing communicates your work |

Writing makes it scrutinable by others
Writing is research

Writing is a skill

* You can develop it

« It is deceptively easy to read a well-written
paper o

Writing also teaches you how to read

Writing in HCI poses some special
requirements

A’, Aalto University



Learning objectives

1. Understand scientific writing
« Beyond “reporting”
« Communication, argumentation, appeal

2. Understand basic structures and
techniques in an HCI paper

3. Enhance the value of your research
4. Learn tips and avoid common pitfalls

Improving Two-Thumb Text Entry
on To Devices

A’, Aalto University




Evaluation form for your coach

Usefulness of outcomes (1 — 5)

“These results make a significant contribution toward solving the
original problem”

Validity of methodology (1 — 5)

“The methodology followed is valid. | have high confidence in the
obtained results.”

Process (1 -5)

“l am happy with how the research project was managed by the
student.”

Overall grade (1 - 5)

. Free comments




Scientific Writing for HCI

Scope: HCI papers

_style. scientific writing |

A’ , Aalto University
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Objectives for
Writing in HCI




Four objectives for writing

ICommunication

» Get your reader to 1) attend to your point, 2) understand it, and 3) be
able to act upon it

Scrutinability and replicability

 After reading this, will I be able to understand how you exactly did it
and replicate it?

ollows tradition
 Follows the tradition in HCI in paper writing
ppeal

« Am I convinced that you have done this according to the highest
standards of quality? Does this work excite me?




Grading: Demonstrate your acquired
competences in...

Formulation of research problems

User research methods

Representations of user research data
Understanding the design space and tasks
Computational approaches

Research planning

Research strategy

Empirical methods

Data analysis and visualization

10. Scientific reporting and presentations

© 0N R®®DMDA
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Typical fallacies in student writing

Complicated writing
» Too many things are said. 2 Focus on one main problem
Chronological writing

» Reporting things in the order they occurred - Scientific
argumentation is more important

Argumentative flow broken

 Sections don’t flow well from one to another

« Argumentative elements missing

Depersonalized writing

» Not clear what the student did - Explicate your own contribution
Inefficient writing

* Lots of space is wasted for less important points - Dedicate space
according to importance



”The CHI Style”

CHI202|

Making Waves, Combining Strengths
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Type: Late Breaking Paper at CHI

Minimum length 6 pages - excluding Appendices and
References. Maximum 10 apges

"A Late-Breaking Work submission is a concise report of recent findings or other
types of innovative or thought-provoking work relevant to the CHI community.
Late-Breaking Work submissions represent work that has not reached a level of
completion or maturity that would warrant the full refereed selection process.

Appropriate submissions should make a contribution to the body of HCI
knowledge, whether realized or promised. [..] Examples of work sought by this
submission category include: emergent technologies, designs, empirical findings
or theoretical contributions, preliminary studies, and ongoing work."

A’, Aalto University



CHI author guidelines

. Making a Significant Contribution
. Offering Benefit to the Reader
. Ensuring Results are Valid

. Gaining Credit for Originality
. Replicability
. Describing the Work Clearly and Concisely

A,, Aalto University
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First page,
Abstract, &
Introduction



It’s simple

You can follow a template

« It pays attention to the description of the practical problem and
research problem

A’, Aalto University



Use the beginning to communicate the
main points

What interests readers is
not what interests authors

Components of Readers ’ Introduction
primary interest

Authors } Body
Readers } Conclusion
Authors Appendices

A, , Aalto University

Principae.be Het Pand



Abstract: What’s in it?

Topic and problem

Motivation

* “Who cares about this problem and why?”
Inadequacy of existing solutions

* “Why could we not solve this straight away?”
Research problem

Your core concept/method/solution/knowledge
« “How did you solve this? Why does it work?”
Evidence for the solution

« “Why should I believe this?”

Benefit or “gain in problem-solving capacity”
* “So what?”



Example: Spotlights (CHI’16)
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How to construct a Nature summary paragraph

Annotated example taken from Nature 435, 114-118 (5 May 2005).

One or two sentences providing a basic introduction to the field,
comprehensible to a scientist in any discipline.

Two to three sentences of more detailed background, comprehensible
to scientists in related disciplines.

One sentence clearly stating the general problem being addressed by
this particular study.

One sentence summarizing the main result (with the words “here we
show” or their equivalent).

Two or three sentences explaining what the main result reveals in direct
comparison to what was thought to be the case previously, or how the
main result adds to previous knowledge.

I One or two sentences to put the results into a more general context.

—1

Two or three sentences to provide a broader perspective, readily
comprehensible to a scientist in any discipline, may be included in the
first paragraph if the editor considers that the accessibility of the paper
is significantly enhanced by their inclusion. Under these circumstances,
the length of the paragraph can be up to 300 words. (This example is
190 words without the final section, and 250 words with it).

RAilv VINveIDdILy

During cell division, mitotic spindles are assembled by microtubule-
based motor proteins'?. The bipolar organization of spindles is
essential for proper segregation of chromosomes, and requires plus-
end-directed homotetrameric motor proteins of the widely conserved
kinesin-5 (BimC) family’. Hypotheses for bipolar spindle formation
include the ‘push—pull mitotic muscle’ model, in which kinesin-5 and
opposing motor proteins act between overlapping microtubules™**.
However, the precise roles of kinesin-5 during this process are
unknown. Here we show that the vertebrate kinesin-5 Eg5 drives

the sliding of microtubules depending on their relative orientation.
We found in controlled in vitro assays that Eg5 has the remarkable
capability of simultaneously moving at ~20 nm s™ towards the plus-
ends of each of the two microtubules it crosslinks. For anti-parallel
microtubules, this results in relative sliding at ~40 nm s, comparable
to spindle pole separation rates in vivo®. Furthermore, we found

that Eg5 can tether microtubule plus-ends, suggesting an additional
microtubule-binding mode for Eg5. Our results demonstrate

how members of the kinesin-5 family are likely to function in
mitosis, pushing apart interpolar microtubules as well as recruiting
microtubules into bundles that are subsequently polarized by relative
sliding. We anticipate our assay to be a starting point for more
sophisticated in vitro models of mitotic spindles. For example, the
individual and combined action of multiple mitotic motors could be
tested, including minus-end-directed motors opposing Eg5 motility.
Furthermore, Eg5 inhibition is a major target of anti-cancer drug
development, and a well-defined and quantitative assay for motor
function will be relevant for such developments.




Spotlights, a paper at CHI 2016

The paper contributes a novel technique that can improve
user performance in skim reading. Users typically use a
continuous-rate-based scrolling technique to skim works such
as longer Web pages, e-books, and PDF files. However, visual
attention is compromised at higher scrolling rates because of
motion blur and extraneous objects with overly brief expo-
sure times. In response, we present Spotlights. It comple-
ments the regular continuous technique at high speeds (220
pages/s). We present a novel design rule informed by the-
ories of the human visual system for dynamically selecting
objects and placing them on transparent overlays on top of
the viewer. This improves the quality of visual processing
at high scrolling rates by 1) limiting the number of objects,
2) ensuring minimal processing time per object, and 3) keep-
ing objects static to avoid motion blur and facilitate gaze de-
ployment. Comprehension levels for long documents were
comparable with those in continuous-rate-based scrolling, but
Spotlights showed significantly better scrolling speed, gaze

A”

deplpymgnt, recall, lookup performance, and user-rated com-
prehension.

Example



Spotlights, a paper at CHI 2016
Topic statement

The paper contributes—a novel technique that can improve
user performance in skim reading. Users typically use a
continuous-rate-based scrolling technique to skim works such
as longer Web pages, e-books, and PDF files. However, visual
attention is compromised at higher scrolling rates because-ef— Problem statement
motion blur and extraneous objects with overly brief expo-
sure times. In response, we present Spotlights. It comple-
ments the regular continuous technique at high speeds (2-20

pages/s). We present a novel design rule informed by the- | . .
ories of the human visual system—fm Contribution statement

objects and placing them on transparent overlays on to I .

the viewer. This improves the qﬂﬁ?@’cﬁme—sﬁfgt Benefit statement
at high scrolling rates by 1) limiting the number of objects,
2) ensuring minimal processing time per object, and 3) keep-
ing objects static to avoid motion blur and facilitate gaze de-
ployment. Comprehension levels for long documents wer -

comparable with those in continuoum Evidence statement
Spotlights showed significantly better scrolling speed, gaze

deployment, recall, lookup performance, and user-rated com-
prehension.

A’, Aalto University
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Introduction: Objectives

PROBLEM

What is the problem in terms of design / engineering / scientific knowledge?
MOTIVATION

What do we lose when the problem remains unsolved? What should we achieve?
INADEQUACY OF EXISTING SOLUTIONS

What have previous solutions achieved / failed to achieve?
YOUR SOLUTION/RESULT

How does it improve over state-of-the-art?
EVIDENCE FOR THE SOLUTION

What evidence decreases uncertainty over the your solution’s capability?
CONTRIBUTION & BENEFIT

What is known now that was not known before

How is the reader now better able to solve the original problem?



Introduction: Exercise (8 mins)

PROBLEM

What is the problem in terms of design / engineering / scientific
knowledge?

MOTIVATION

What do we lose when the problem remains unsolved? What should we
achieve?

INADEQUACY OF EXISTING SOLUTIONS

What have previous solutions achieved / failed to achieve?
SOLUTION/RESULT

How does it improve over state-of-the-art?
EVIDENCE

What evidence decreases uncertainty over the your solution’s capability?

CONTRIBUTION & BENEFIT
What new knowledge is produced?
How is the reader now better able to solve the original problem?

1. Two-person rooms in
Zoom
2. Provide your paper to the
pair
3. Circle these elements from
the Introduction
* Do you find them?
* Are they well
expressed?
4. Report back after 8 mins

A’, Aalto University



Aalto University

Communicating
structure &
argument
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Improving Two-Thumb Text Entry
on Touchscreen Devices

Antti Oulasvirta, Anna Reichel, Wenbin Li,

Yan Zhang, Myroslav Bachynskyi

mleslwls Max Planck Institute for Informatics f ¢ [ + | o W
P x| c Keith Vertanen T e U
Montana Tech of the
RfY|s|z University of Montana kKjlafjr]e
olInlcflv Per Ola Kristensson
University of St Andrews
Figure 1. KALQ (pr asin ) is a soft key designed to jafTove two-thumb text entry on tablet devices.

Its design considers grip, coordinated performance of the

ABSTRACT

We study the design of split keyboards for fast text éntry
with two thumbs on mobile touchscreen devices. The layout
of KALQ was determined through first studying how
should grip a device with two hands. We then assigned let-
ters to keys computationally, using a model of two-thumb
tapping. KALQ minimizes thumb travel distance and maxim-
izes alternation between thumbs. An error-correction algo-
rithm was added to help address linguistic and motor errors.
Users reached a rate of 37 words per minute (with a 5%
error rate) after a training program.

Author Keywords
Soft keyb ; keyboard opti ; two-thumb text
entry; touchscreen devtces bimanual perfom)ance

ACM Classification Keywords
H.5.m. Information interfaces and presentation (e.g., HCI):
Miscellaneous.

INTRODUCTION

Tablet computers and large smartphones with touchscreens
are commonly interacted with using two thumbs. Use of the
thumbs has an intuitive appeal: the grip is stable and sup-
ports typing while walking, sitting, or lying down. Despite
these advantages, the low rate of text entry is a recognized
problem. Reported rates (in words per minute, wpm) for
two-thumb typing on a touchscreen range from 14 wpm
[24] to 31 wpm [8]. Compare this range to other input tech-
niques with mobile devices: 55 wpm with 8-10 fingers on a

Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies are
not made or distributed for profit or commercial advantage and that copics
bear this notice and the full citation on the first page. To copy otherwise,
or republish, to post on servers or to redistribute to lists, requires prior
specific permission and/or a fee.

CHI 2013, April 27-May 2, 2013, Paris, France.

Copyright ©2013 ACM 978-1-4503-1899-0/13/04...815.00.

keyboard [4]. With such rates, two-thumb text entry O
touchscreens may be limited to simple tasks such as entry

Our goal is to investigate the T it of typing perfor-
mance via methods known to improve typing p
We address two major issues. First, no convention exlsts
comparable to touch typing that
informs how to hold the device or how to move the thumbs.
Touchscreens offer poor tactile feedback for keypresses,
and the touch sensor does not allow the thumb to rest on its
next target while the other thumb is moving, a technique
known to boost rates with physical buttons [5]. Moreover,
users may grip the device in ways that are detrimental to
performance. Second, it is not known whether the QWERTY
layout, traditionally used such that both thumbs are respon-
sible for a single key, is efficient when the thumbs do all
the presses.

The design of KALQ, shown in Figure 1, is informed by a
series of studies that shed light on these open questions:

1. Button size, keyboard shape, and position are in-
formed by a study of symmetric two-hand grips (N=6).

2. Letter-to-key assi is resolved computationally,
informed by a model of two-thumb performance ac-
quired from a bimanual tapping task (N=20).

3. Online error correction is based on a large corpus of
mobile text and by modeling tap inaccuracies.

To evaluate KALQ we trained users (N=6) longitudinally in
the new layout using a number of performance-enhancing
strategies. Users reached 37 wpm upon completion of the
training. We conclude by discussing performance gains
brought about by each design decision.

— Title communicates the topic,
objective or outcome of your work

Abstract provides an overview
of the whole argument and
contribution

—— Figure 1 (teaser; optional)
shows the main outcome or

approach
\

edundancy: The same
thing is said many times but
increasing level of detail

REDUNDANCY
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Figure 1. KALQ (pr asin ) is a soft key designed to improve two-thumb text entry on tablet devices.

Its design considers grip, coordinated performance of the two thumbs, and linguistic and motor errors.

ABSTRACT

We study the design of split keyboards for fast text entry
with two thumbs on mobile touchscreen devices. The layout
of KALQ was determined through first studying how users
should grip a device with two hands. We then assigned let-

tablet placed on a surface [15], 44 wpm with a stylus [22],
and 60 wpm with two thumbs on a physical mini-QWERTY
keyboard [4]. With such rates, two-thumb text entry on
touchscreens may be limited to simple tasks such as entry

ters to keys computationally, using a model of two-thumb
tapping. KALQ minimizes thumb travel distance and maxim-
izes alternation between thumbs. An error-correction algo-
rithm was added to help address linguistic and motor errors.
Users reached a rate of 37 words per minute (with a 5%
error rate) after a training program.

Author Keywords

Soft keyboards; keyboard opti ; two-thumb text
entry; touchscreen devices; bimanual performance

ACM Classification Keywords
H.5.m. Information interfaces and presentation (e.g., HCI):
Miscellaneous.

INTRODUCTION

Tablet computers and large smartphones with touchscreens
are commonly interacted with using two thumbs. Use of the
thumbs has an intuitive appeal: the grip is stable and sup-
ports typing while walking, sitting, or lying down. Despite
these advantages, the low rate of text entry is a recognized
problem. Reported rates (in words per minute, wpm) for
two-thumb typing on a touchscreen range from 14 wpm
[24] to 31 wpm [8]. Compare this range to other input tech-
niques with mobile devices: 55 wpm with 8-10 fingers on a

Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies are
not made or distributed for profit or commercial advantage and that copics
bear this notice and the full citation on the first page. To copy otherwise,
or republish, to post on servers or to redistribute to lists, requires prior
specific permission and/or a fee.
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of dd calendar events, and names [2].

Our goal is to investigate the upper limit of typing perfor-
mance via methods known to improve typing performance.
We address two major issues. First, no convention exists
comparable to touch typing with physical keyboards that
informs how to hold the device or how to move the thumbs.
Touchscreens offer poor tactile feedback for keypresses,
and the touch sensor does not allow the thumb to rest on its
next target while the other thumb is moving, a technique
known to boost rates with physical buttons [5]. Moreover,
users may grip the device in ways that are detrimental to
performance. Second, it is not known whether the QWERTY
layout, traditionally used such that both thumbs are respon-
sible for a single key, is efficient when the thumbs do all
the presses.

The design of KALQ, shown in Figure 1, is informed by a
series of studies that shed light on these open questions:

1. Button size, keyboard shape, and position are in-
formed by a study of symmetric two-hand grips (N=6).

2. Letter-to-key assi is resolved computationally,
informed by a model of two-thumb performance ac-
quired from a bimanual tapping task (N=20).

3. Online error correction is based on a large corpus of
mobile text and by modeling tap inaccuracies.

To evaluate KALQ we trained users (N=6) longitudinally in
the new layout using a number of performance-enhancing
strategies. Users reached 37 wpm upon completion of the
training. We conclude by discussing performance gains
brought about by each design decision.

Expressing your work

Use clear statements and
active voice (“we”, “1”)

to describe recognizable
elements of your research

“Our goalisto ...”

“The design of X is informed by ..
“To evaluate X, we ...”
“We cast the problem of ... as ...”
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Use figures & tables to convey the story

Example: How we type (CHI’16)
MAIN TOPIC AND PROBLEM

Touch  NonTouch MW Stat.
easure Mo s M _so U
Background
Reported strategy (%) 43.33 - 56.66 - -
Yearstouchhyping 1696 966 - -
Age 300 915 2882 750 075 007
Comp. experience ) 2169 773 1638 395 O 64 0053
Weeklyyping () 47152063 4456 1639 O 8 044
Wl 5783 1525 5893 1082 O 103 038
Random 2743 873 2702 846 0% 028
Aug. K1 (ms) 17639 4431 16891 322 O 103 038
andom (ms) 36231 12256 39936 13370 O 100 034
Error rate (%) 76 6 042 O82 013
Random (%) 098 08 072 108 @60 002
Effciency 088 003 083 004 O 100 034
Figure 1. Four users showing different typing behaviours involving different numbers of fingers and movement strategies. This paper reports typing e gae 082 099 120 094 003
. s . . . . . . . e et B
rates, gaze and movement strategies for everyday typists, including both professionally trained and self-taught typists. We explain how untrained typists o020 027 041 0% oot
i i i i i ¢ i #Fingers used 854 108 620 094 <001
are able to type at very high rates, which were previously attributed only to the touch typing system that enforces the use of all 10 fingers. Tingers s o4 1o o2 0o o0
Righ hand 408 073 276 073 o0t
Keys per finger 364 074 565 151 <001
pres. bybolnhands 145 117 441 235 Zo01
Hand alternation (% 4650 061 4826 235 <0.01
i (ms) 15066 3176 14128 3253 OG0 02
z Finger altematon (%) 3594 6.0 2642 1076 ® 44 <001
Phenomenon or Measure M __ SD Ref Non-touch typistC=] Sentences| 79 IKI (ms) 16161 3166 16110 4138 O 99 032
Background Factors: Studies were usually conducted with [5, 13, Touch typist [z Random 2 N Same finger (%) 10 Ses iser 987 @50 <od
professionally rained and employed ypiss. 2,29] §60 . 1K (ms) 19480 2680 20275 3424 O %8 031
g o - Lotiorrepatiion (%) 671 0.0 668 012 O91 0z
Participants touch typing (%) 100 0 450 . ., K (ms) 15930 2536 14516 1259 O 72 006
Weekly amount of typing (h) 11 19 (23 % Hand alt. benefit (ms) 16.96 1583 28.72 2348 O 82  0.12
Porformanes Averago ror o ol (1) 2 Tacior o (23] fol . B e O3 L 0= 0@ el Toor
typical choica-roaction times (e.9. 560 ms). The tying rato is Bl . e e o oo 5% ol om
slawed for rarcom leier sequences. & Dist tonextkey(om) 184 041 241 05y @60 o0
£ 7| [wse Touh e Nortouch typis] y (em)
Words por minule o7 il 0 5 1’0 15 20 25 30 & 0 40 50 60 70 80 ® : Significant diff O : N ificant diffe
ignificant iference o signifcant iferenco
w0 -
1Kl easy prose (ms) 140 29 Participants Words per minute, sentences. Table 2. Overview of results, comparing touch- and non-touch typists.
1Kl random strings (ms) 326 — 29) ) ) o e ;
Figure 3. Left: Partcipants” 341079 wpm and did ypists. Rights The it evel using .
Hand- and finger alternation: Letter pais (bigrams) yped. [24] AN signed rank testand reported n the st two columns,
by fingers of different handis is 30-60 ms faster than those
typed by the same hand.
Bigrams typed by
Hand alternation (%) 48 - 151
IKI (ms) 155 43 23]
Fingor alternaton (%) 3 - 125]
IKI (ms) 194 45 (23]
Same finger (%) 46 - il
1K (ms) 223 41 23]
Letterrepetion (%) wa - Figure 2. Experimental setup: The typing process of 30 participants was
- IKi (ms) 176 26 23] captured using a motion capture system and eye tracking glasses. In
Table 1. W ished ph  thei i it i i
based on prior studies of professional touch typists. Exact values are addition, keypress timings were logged and a reference video recorded. 1.0
selected from the referenced papers and may vary in other studies. 14 Non-touch typists| 260| 2“”"“0“‘32
212 Touch typists Jlog T 4 o
F3 = **® Corr.: 0.81 -
o1 S5 220|
] z
s 2< 180
o 0433
2 2 160) e ———
—_— Eo >
3 02 2149
02 120)
00

Gaze shift Visual attention oo 0 1 2 0.0 0.2 04 0.6 08 1.0
Gaze shifts to keyboard Visual attention on keyboard

Figure d. Characteristics of eye gaze during text input. Left: Touch typists spent less time looking at the keyboard (visual attention) and required less
gaze shift. Right: Gaze switches and visual attention correlate with the average inter-key interval, increasing as performance gets slower.

RESULTS DETAIL




Clear Visual Design of Figures

Non-touch typists e®e Touch typists
300
’g o
= 250" \\
©
2 o Clear colors
€ 200 ® ® o
< o
> .
o ®_— Clear axis-labels
L 150-® ° ]
9 PY Corr. 0.62
C

(a) Entropy

o ®
oo+ | o Cor. 037 Large, readable font
8.0 0.2 0.4 0.6 0.8 1.0
Entropy / Clear labeling

Use figures and tables to support quick absorption of your main
message.

You can skim the paper just by looking at them



Informative Headers

Use brief, recognizable section/subsection headers

CLUSTERING OF MOVEMENT STRATEGIES

To identify similarities among typists, we performed hierar-
chical clustering on the finger-to-key mappings of each user.
Clustering in this space groups users with similar mappings,
revealing the input strategies used by multiple users. As de-
scribed above, we found notable differences in behaviour be-
tween the left and right hands — the right hand has higher
global movement, while the left hand typically has more ac-
tive fingers, independent of the handedness of the participant.
Given these differences, we decided to cluster the finger-to-key
mappings for each hand separately to uncover subtle within-
hand effects that might be masked in a joint analysis.

Input Data and Clustering Method

For each user, the feature vector consisted of 10 entries per
key, giving the proportion of total presses by each finger. We
performed Hierarchical Clustering [16] since it is powerful,
flexible and makes no assumptions about the distribution of
the data. We used a Euclidean distance measure and Ward’s
linkage criterion [33] to create compact clusters with minimum
internal variance.

A’, Aalto University



“Paper gestalit”

Paper gestalt refers

to the visual flow and layout of elements.

Figures and tables on top / bottom

50|[ES Non-touch typistC1 Sentences|
= &

15
participants

z

£

5 60| * .
gsof ot ..
210 .
Eaof s

£ | o mermn ]
* %% a0 50 60 70 80

Words per minute, sentences

Right The

‘Typing Performance
We compue the following messure of typing performance for
onditio

random and sente

Words per minute (wpm): based on the raw typing log, without
exclusion of outlers. For cach sentence we find the time
between the first and last keypresses and divide it by the length
of the finalinput given in number of words (any 5 characters).

Inter-key interval (IKD): in milliscconds, average interval
between all keystrokes in the preprocessed data, including
presses of modifier keys and error correction.

Uncorrected error rate (%): the Damerau-Levenshtein edit
distance between the stimulus and entered text and dividing it
by the larger number of characters

Kevboard eficency: the raio of number of chaacters i the
input and e of eystokes Chiractericsthe acuricy
during A wa

untrained.

Percentage and average IKI of letter pairs (bi

ms) typed by
1. Hand alternation: fingers of different hands,
2. Finger alternation: different fingers of the same hand.
3. Same finger: typing different leters with the same finger,
4. Leter repeition: pressing the same key twicc
Entropy of the finger-to-key mapping: the finger-to-key map-
ping describes which finger a participant uscs to press
ey The nropy lls how comsisenty ke s pressd vih
the same finger. For cach key k, given a frequency distribution
over the 10 fingers we compute the enropy as:

Hy Y prlomalpy) 0]

where p, is the probability that finger / presses key &. The ay-

erage entropy of a finger-to-key mapping is then computed as
sum over the entropies of each key weighted by the frequencs

2
lage mumber o coreced eors.

In addition we compute the percentage difference in WPM
between the two conditions, which further characterises the
typing skill of participants,

Eye G
Due to varying tracking quality, analysis was done manually
based on the video recordings of the eye tracking glasses.

Gaze shiffs: the average number of gaze shifts from the moni-
tor o the keyboard during a sentence.

Visual attention: ratio between the time spent looking at the
keyboard and the time a sentence was displayed. Between 0
and 1, where 0 means no time spent looking at the keyboard.

Motion Analysis
In the following analysis we only consider the letters common
to both the Finnish and English sentences and exclude control
keys, space, and punctuation.

Number of keys: operated by cach finger and hand.

Keys per finger: the ave. number of keys mapped to each

of the letter. The touch typing system has 0
entropy, as each key is pressed by only one finger.

Global movement: of each hand, computed at each keypress
as the average of the standard deviations of the x-, y- and z-
coordinates of the two markers on the back of the hand.

Distance 1o the next key: the average distance of the execut-
ing finger Lo its target at the time of the preceding keypress.
Measures the preparation of upcoming keystrokes by moving

finger to 10 its target during the execution of a preceding
keypress.

RESULTS
We collected 93,294 keypresses over the three conditions, and
36,955 in the sentences condition. Results of all staistical
tests are summarised in Table 2. It compares participants
twained in the touch typing system (hereinafier called touch

cance was tested at the 5% level using the the Mann-Whitney
signed rank test, as required by the data, which are not nor-
mally distributed and have different cell sizes. Where the dis

tribution of the data allowed, we performed a 2-way ANOVA
with language and touch/non-touch as factors. However, it
showed no effect on any metric, except the reported hours of

weekly typing. Detailed results per participant are provided in
the HOW-WE-TYPE dataset.

Background Factors
Based on the survey, 43% of participants learned and used
th ouch pingsystcm. The avrage amount o touch ping
experience Th

typists and non-touch typists was ot significantly different.
More background factors are shown in Table 2

e mean age of touch

years (SD

Performance
ingly, we did not find a significant difference in inpur

performance betw

erage entry rate and IKI were found to be 57.8 WPM and

17639 ms for touch typists, and 58.93 WPM and 168.91 ms

The performance in wpm of cach paric-
ipant is shown in Figure 3. Touch typists and non-to
had saistically simil

respectively. Both groups typed with high efficiency, making

few mistak

s and requiring few keystrokes to correet th

The common understanding in the literature was that touch
typists could type faster and operate with higher accura
However, the presented findings show that touch t
non-touch typists have comparable speed and efficiency in
transcribing sentences.

s and

Effect of randorm strings
‘When typing random letter sequences entry rate dropped on
average by ~50% compared to the sentences condition. The
hange was similar across both groups, with no significant dif-
ence between their performances in the random condition.
The average uncorrected error rate was 0.98 % for touch typ-
ists and 0.72 % for non-touch typists, a significant difference.
One participant was excluded from this analysis, as the error
ate in the random condition was 116

Figure 3 shows how the oss of performance changes as yping
skillincreases. The faster typists can type random material
faster, not only in absolute terms but also as a percentage of
their typing specd. This can be explained with the findings
of Salthouse [23]. He states that high performance text en-
tycannot nly b atcibuted o well pratced moorpters
corresponding to larger units of language, such as words or
phrass. Instead hefnds thatsiled ypiis show more con-
inther ke interal when ypin the same leer
Tepeaiedly n the same comext. This contency may il b
Ghnerved i th random conditon.

Eye Gaze
The aalysi of ey gaae foun that mortuch ypists st
significantly higher amount of time looking at the keyboard,
ot shiwn i Figar 4. The average rumbes of gase sotehes
within a sentence was 0.92 for touch typists and 1.2 for non-
touch typists, a significant difference. The ratio of time spent
looking a he keyboard was 0.2 ot touch ypists nd 041 for
non-touch typists, also a significant difference. We found a
cortlaton between th average 1K1 and ¢ye gize, 5 dhown
i the right plots of Figure 4. Correlation between IKI and
gaze switch was 0.81 for touch typists and 0.32 for non-touch

Measure
Background
Roported sratogy (%)
Years touch tyging
oo

Touch  NonTouch  M.W.Stat
0 M sp 3

5656
o o5 2w 13

o, pernce )
Ve o

395
1839

Peror

wen 765 1525 5883 1082 038

Fan 2743 873 2702 846 028

Aug. IKI (ms) 17639 4431 16891 322 038

Random (ms) 38231 12256 39936 13370 3

Erorrate (%) 076 08 047 042 013

Random (%) o0ss 0a 072 108 002

Eficency 088 003 089 o004 034
Eyegaze

%2 0% 1 003

020 027 o o3 <001

854 108 624 094 ot

446 06 347 070 <001

48 o7 278 o7 001

074 585 151 <01

15117 a4t 235 “001

4650 061 48 001

15064 3178 14128 3250 02

394 608 2642 1076 <001

61 3168 16110 4138 032

105 588 18e7 987 <001

19430 2660 20275 3420 031

671 010 6 02

530 2536 14516 1250 006

Hand at. benelit(ms) 1695 1583 2872 2348 0.12

Eniropy 02 018 038 020 o047

Giobal mow lefi om) 002 008 001 001 050

Giobal mov ight (em) 105 0.80 081 038 040

Dist tonertkey(om) 194 041 241 059 @60 002

Sinifcantdference O : No signfcant diference
“Table 2. Oxerview of resuls, comparing touch- and non-touch typists.

signed rank test and reported in th last (wo colums.

typists. For visual attention the correlation was 0.69 for touch
typists and 0.53 for non-touch typists

Alfonghouch ying is ot ecasally Caer, it llows i

taining visual attention on the display. Often self-taught ty
even fast ones with unambiguous mappings,

reliant on visual attention to the keyboard. However, the &

Motion Analysis
Hand and finger usage

nger
AW Tovcn typists have a clear sepa
left and right hand, whereas for non-touch
more keys that fingers of both hands operatgl Al participants

report on the differences of hand- and fhger usage in more

No orphans / widows
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Approach & Results

OVERVIEW OF APPROACH

This section describes your approach to solving the prob-
lem. It describes only the highest-level choices and justifies
them if needed. Most of this content will come from your
research plan and research strategy (latter part of the
course). This section is optional. Suggested length: 2-4 par-
agraphs.

METHOD/PROTOTYPE/MODELING/...

This section describes the core of your research work,
whether it is an empirical study (method), design (proto-
type), or model (modeling). Subsections should follow the
conventions of the corresponding paper type. Suggested
length: 20-40% of total paper length.

RESULTS/EVALUATION

This section describes the obtained results or evaluation of
the final result. Again, subsections should follow the con-
ventions of the corresponding paper type. Suggested length:
20-40% of total paper length.

Specific to the type of work

See assignments from first weeks
where we identified example papers
for you.

A’, Aalto University
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Discussion & Conclusion

DISCUSSION

This section discusses how well you achieved the original
objectives. It should first summarize the main outcome. It
should then assess its pros and cons. Discuss benefits to
practitioners. Finally, it should discuss limitations. Limita-
tions can be phrased as challenges for future work. Be clear
about what you learned. Suggested length: 2-4 paragraphs.

CONCLUSION

A one paragraph summary of what you conclude based on
the study. This should go beyond what was said in the be-
ginning.

A’ , Aalto University



“Hourglass structure”

/\ Big themes

A paper starts with
broad ambitions,
narrows down to the
particularities of its
study, only to become
back to the broadest
issues in the end

Your actual
work

Big themes



Other goals

Balanced sections

* Do not need to be equally long, but ensure there is a balance between
the importance of a section and its length

Use Appendices for materials that are not necessary for your
argumentation

 This does not count for total page count
Find 2-3 well-written papers and learn from them

A’, Aalto University
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Process writing

“There is no perfect writing, only perfect rewriting”

Drafting
e

Peer

Revise . Review
Sequencing Ildeas
Organization
5 Rethinking
SUpponingh R .
Concise Word Choice 1
Audience/Purpose ! P u bl I S h I ng

In-Class
Online
The Writers’ INK

Prewriting

Identifying Audience

Editing

Grammar

Defining Purpose Punctuation
Thinking Spelling
Discussing Formatting
Gathering ldeas In-text Citation
Reading/Annotating Works Cited/Bibliography
Freewriting
Outlining

A,, Aalto University
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Tips

Write daily

Set explicit goals for writing outcomes

« E.g., “Tomorrow I'll write Method”

Accept imperfection & and embrace iteration

* Do not expect high quality writing during the first pass
Allow enough time for polishing, getting feedback etc.

Aim at having first full version of your manuscript ready 1 week
before the deadline

A’, Aalto University
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Assignment 11

| will send 5 points to focus on in this round
Based on the lecture
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