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Wearable devices are used for text entry on a daily basis. Nowadays, people use their fingers
to type text on touchscreens. Unfortunately, the screen size is too small to be able to type
text for a longer period of time comfortably compared to quick tasks, such as checking
social media posts or email.

I present DoubleType, a wearable solution where two bracelets are used together to type
text. When used together, the combined display area offers the user more screen estate for a
larger software keyboard with larger keys to type and more area for the text being edited to
look at. Three concepts were created and a paper prototype for each concept was produced.
A video prototype was created to illustrate how the user interacts with the bracelets when
entering text to the system. An online questionnaire was published and it contained images
of the paper prototypes and a link to a video of the prototypes in use. 34 volunteers
participated. Five background questions were asked and then five questions about the
prototypes.

In general, participants did not see DoubleType as a comfortable system to use for typing
text. Also, majority of participants did not think DoubleType will help avoid getting neck
and shoulder pains from typing text. And, most participants would not use DoubleType to
type in a standing position for some parts of one's days to avoid sitting long periods of time.
Of the three concepts, participants favored the most concept C, where the concept is put on
a table. From the open-ended questions it was revealed participants disliked the size of the
bracelets.

There could be use of the prototype in a factory for technicians who need to make notes of
the procedures they have done. Future research with working prototypes is needed to find

out how ergonomic and efficient DoubleType is for text entry.
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1 Introduction

Wearable technology has evolved from devices, such as the 1970s cassette tape
player Walkman, to large phones with high performance processors and also to small
smart rings collecting data of your health. Wearable technology means devices that
can be worn on your body or on your garment. Even smartphones can be seen as such
when worn in the pocket of one's trousers or jacket. Tablet computers are more
difficult to wear because of their size, so tablets can be categorized as mobile devices.
Examples of wearable devices are high-end smartphones (Apple iPhone 13, Samsung
Galaxy S22 Plus, Google Pixel 6), foldable phones (Samsung Galaxy Z Fold 3,
Huawei Mate Xs, Motorola Razr), smartwatches (Apple Watch, Samsung Galaxy
Watch, Oppo Watch), fitness trackers (Fitbit Charge, Garming Forerunner), GPS
trackers (Suunto Ambit3), and smart rings (Oura Ring, Movano Ring, Circular Ring,
Opn NFC Ring, Go2Sleep). In the health sector there are heart rate monitors (Polar
H9, Wahoo TICKR, Garmin HRM-Dual) and even blood glucose monitors (FreeStyle
Libre, Dexcom G6, Eversense CGM).

Wearable devices are used for text entry on a daily basis. People read and send chat
and email messages, make notes with text editors, search for information with web
browsers, use their calendars to read and edit information about meetings, check
notifications from applications, and so on. In 2021 it was estimated the world
population was over 7.8 billion [Worldometer 2022] and there were over 6.2 billion
smartphone subscriptions [Statista 2021]. Some of the most popular mobile note
taking applications, including Evernote, ColorNote and Microsoft OneNote, have
over 100 million installations, each, on Google Play [Google Play 2022c, Google
Play 2022a, Google Play 2022d]. Among the mobile Android office applications,
Microsoft Word and Google Docs, have over a billion installations, each [Google
Play 2022e, Google Play 2022b].

Wearables connect to the Internet using 3G, 4G and/or 5G networks, depending on
which ones are available in the area and which technology is supported by the
wearable. Mobile Internet connections allow people to continue editing their
documents, which have been edited with a desktop computer and uploaded to a cloud
service that shares the document with other devices the same user owns. Wearables,
such as smart watches, may also connect to other wearables using the Bluetooth
technology. This way smart watches are able to receive notifications sent to a user's
smart phone so that the user does not need to pick up one's phone from the pocket or
bag.

How do people input text on their mobile and wearable devices and what kind of
problems do they encounter and what kind of solutions are they using? Nowadays,



people use their fingers to type text on touchscreens. Wearable devices that have
displays, usually show on the display a software keyboard, which the user taps with a
finger. Another way of entering text is to use speech recognition technology of the
phone. With that technology user may give commands to a phone or may also dictate
longer texts for later editing with a desktop computer. Before smart phones existed,
one wrote using a physical keypad on one's mobile phone or used a stylus to write
with a PDA (personal digital assistant). Mobile phones did not usually have as many
physical keys as desktop keyboards. To be able to type text, for example multi-tap
was used. With PDAs, the tip of the stylus was small enough so that a software
keyboard could be used on the display. Because mobile phones usually did not have a
QWERTY keyboard, for example smaller non-QWERTY keyboards were used. With
multi-tap one physical key is pressed multiple times until the correct character
appears on a phone's display. Assistive technologies were invented to make it easier
to type text using a small physical keypad on a mobile phone or using a small
touchscreen on a smart phone. If autocorrection is enabled, phone will replace
incorrectly typed words by predicting what the user was thinking of writing. This
technology is not perfect and the user may need to delete the suggested word and type
the correct word instead. Word suggestion technology suggests the rest of the
characters of an unfinished word. Unfortunately, this will burden the user's cognitive
abilities as the user needs to look at the display and the keyboard switching gaze from
the text to the keyboard multiple times during a text entry session. With smart
watches very small software keyboards are used, but they are slow and cumbersome
to use. One could carry a wireless desktop keyboard with them, but people do not
always like to carry devices larger than a phone with them. There are also silicone or
"rubber" keyboards that can be folded, but they do take space and do not fit into
pockets easily. Some people use wrist-worn keyboards, but they are clumsy and they
are meant to be used with desktop computers instead of phones. Another solution
could be a glove for one-handed text entry, such as Hifinger [Jiang et al. 2019], but is
designed for computer use. HandyKey Twiddler [Lyons et al. 2006] is an eyes-free
keyboard, but you need to learn the key combinations to be able to use it. One could
just buy a smart phone with as big display as possible, but it would not be easy to
wear anymore.

To solve the problems mentioned above, I present DoubleType: a solution where two
bracelets are used together to type text. There are three concepts which are different,
but also similar: DoubleType A, DoubleType B, and DoubleType C. DoubleType A
consists of two smart bracelets that are worn on the left and right wrist. When the
user needs to type text, he will remove the bracelets and use the left bracelet to
display text being edited and the right bracelet for typing text on a software keyboard.
The bracelets attach to each other forming a cross-like figure so that the user only
needs to hold one of the bracelets and use the other hand for typing. Not all people
use their index or middle fingers to type, so the second concept is for thumb typists.



DoubleType B also consists of two bracelets that can be attached to each other
creating a cross-like figure. The only difference is that keys of the software keyboard
are closer to the thumbs for thumb typists to edit text with. DoubleType C also
consists of two bracelets, but is designed to be used on a table. The left bracelet is
bent approximately to an L-shape figure and put on the table to display text being
edited. The right bracelet is put in front of the left bracelet and used as a keyboard.

The gap in the research regarding mobile and wearable text entry is that there is no
research on making text entry easier using two bracelets together to increase the area
of display, so that both the area of text being edited and the area containing the
software keyboard is larger than with current average-sized smartphones and
smartwatches. This study fills this gap by presenting three concepts that use two
bracelets to increase the display area for text being edited and to increase the area for
the software keyboard.

In this study, the concepts are presented and paper prototypes of the concepts are
produced. A video [Hésd 2021] is made of the paper prototypes where a person is
using them and screenshots are generated from the video. The screenshots are
embedded to a questionnaire that is shown to the participants of this study. The video
may also be viewed, but it is not necessary because of the screenshots.

In the questionnaire, the participants are asked their opinions about the prototypes
and they are also asked how they use their phones: do they type with one hand or
with two hands and what kind of actions they perform with their phones i.e. what
kind of applications they use. In addition to finding out how people use their phones,
the aim of this study is to find out the reception of people regarding the concepts.

This thesis consist of seven chapters. Chapter 2 provides a background for the
reported study. It discusses the problems and solutions involved with mobile and
wearable text entry. In Chapter 3 the concepts are explained, assessment of the
concepts is made via a questionnaire and results of the questionnaire are presented
and discussed. Chapter 4 contains the conclusions, which are a summary of the
research results and future work.



2 Mobile and wearable text entry

Heller et al. [2021] categorize wearable displays from the perspective of how they are
used: accessories (e.g. eyewear, headwear, watches, bracelets, rings, earrings,
handbags, shoes), clothing (e.g. shirts, pants, skirts, suits, dresses), and skin & body
(display is applied directly on to body). This chapter omits for example garment,
rings, earrings, handbags, and shoes as they are not very suitable for text entry.

In this chapter, six categories, which have been researched from the viewpoint of text
entry, are used: mobile phones [Silfverberg et al. 2000], handheld computers
[Silfverberg 2007], wrist wearables [Dunlop et al. 2014], HMDs [Adhikary and
Vertanen 2021], smart glasses [Ghosh et al. 2020], and wearable computers [ Thomas
et al. 1998]. Some of the first or notable devices in each category are mentioned and
what kind of problems each category has. Lastly, text entry speed research is
discussed.

2.1 Mobile phones

In the 1980s, the first mobile phones had a physical keypad for text entry. Full-size
QWERTY keyboards were generally not practical. A 12-key keypad was commonly
used with mobile phones [Silfverberg 2007]. For the 12-key keypad multi-tap is one
of the text entry methods used. With multi-tap, a key is pressed one or more times to
generate one character for the text being edited as most languages have more
characters than in the 12-key keypad. A predictive method, such as T9, can be used to
decrease the number of key presses needed to type text. With T9, as the user presses
the keys, the system can suggest words from a dictionary before the whole word has
been typed. Silfverberg [2007] mentions alternative text entry methods to the 12-key
keypad, such as the 26-key Fastap and the 20-key reduced QWERTY keyboard (and
three buttons above it) on BlackBerry 7100v. Currently, people most probably buy a
smart phone instead of a mobile phone, but there are people who buy dumbphones for
example for nostalgic reasons or to avoid wasting time with social media [Bearne
2022]. The display is too small on current phones and tablets, which makes typing
more error-prone [Kim et al. 2014].

2.2 Handheld computers

Early handheld computers did not have wireless communication technology
[Narayanaswami 2006]. The first personal digital assistant (PDA), Hewlett-Packard



HP95LX, was released in 1991 [MacKenzie and Soukoreff 2002]. It had a QWERTY
keyboard, numeric keypad, function keys and other buttons. One of the first notable
pen-based handheld computers, Apple MessagePad, was announced in 1993.
Unfortunately, the handwriting recognition was poor, like other pen-based handheld
computers in the early 1990s. Palm Pilot, which was released in 1996, introduced a
simplified handwriting technique known as Graffiti. It also had for example a feature
called HotSync for transferring data between a desktop computer and the Palm Pilot
using a cable. In the same year, Windows CE (Casio Cassiopeia) and Symbian (Nokia
Communicator) handheld devices emerged. Nokia Communicator can also be seen as
a foldable phone, as you can open it to reveal a QWERTY keyboard and a larger
display. Nowadays, you could see phones, tablets and laptops having replaced
handheld computers, which are too large compared to phones to keep with you and
too small for text entry compared to laptops.

2.3 Wrist wearables

The earliest wristwatches were probably created in the 1790s. Mostly women wore
wristwatches at that time. Men's wristwatches appeared in the late nineteenth century,
but as military devices, at first. Before the early 1900s, men usually wore pocket
watches. In 1957 Sony released pocket radios that were advertised as "pocketable",
but they could only fit oversized pockets. Hewlett-Packard released a wristwatch
calculator in 1977 and Seiko manufactured watches with small televisions in 1982.
[Ryan 2014] More recent wrist wearables are for example FitBit, Nike FuelBand,
Jawbone UP, Sony SmartWatch [Park ef al. 2014] and Apple Watch. A wrist wearable
may have a software keyboard or other ways of entering text, such as the bezel or
physical buttons, but a small display and slow text entry is even a greater problem for
wrist wearables compared to phones.

2.4 HMDs

In 1968 Ivan Sutherland developed a computer-based head-mounted display (HMD).
It was too heavy to be usable, but worked as proof-of-concept. [Ryan 2014] In the
late 1980s and early 1990s, VPL Research, Virtual Research, Phillips, and Nintendo
started creating virtual headsets. [Starner 2014] These headsets or HMDs might be
considered as wearables, but they are not very mobile, so that one could take them
with them as one needs a desktop computer or a gaming system to use them.

2.5 Smart glasses



Google Glass was released in 2013 for beta-testing [Bruno 2015]. Google Glass is a
brand of smart glasses that uses a multitouch trackpad, head motion and speech for its
input. Networking is available using Wi-Fi or Bluetooth tethering to a phone. [Starner
2014] Smart glasses differ from HMDs in the sense that they are designed to be used
without a direct connection to a desktop computer. They collect information from the
surroundings and analyze them. The user may also for example connect to the
Internet to search for information or send messages. [Hofmann et al. 2016] With
smart glasses text entry is slow if you only use the trackpad of the smart glasses
instead of a wireless keyboard.

2.6 Wearable computers

One of the earliest wearable computers was developed in 1961 and its purpose was to
predict roulette wheels [Thorpe 1998, Narayanaswami 2006]. The computer was
about the size of a cigarette pack. In the 1990s, a wearable computer called VuMan 3
[Bass et al. 1997, Narayanaswami 2006], was designed for marines to help inspect
amphibious tractors. VuMan 3 consisted of a display worn on the head and buttons
worn on the waist. Research papers about NetMan [Kortuem et al. 1999,
Narayanaswami 2006] were published in 1999. NetMan was a collaborative wearable
system to enhance the co-operation of network technicians. Technicians could have
real-time audioconferences, transmit video images and access a shared notebook. The
problem with wearable computers, such as VuMan 3 and NetMan, is that they are
intended for certain kind of tasks whereas smart phones and laptops are designed for
general use at work and in free time.

2.7 Text entry speed

One way of measuring the usefulness and efficiency of mobile and wearable devices
regarding text input is the text entry speed. Words per minute (WPM), characters per
second (CPS) and keystrokes per character (KSPC) are common measurements
[MacKenzie and Soukoreff 2002]. Related to text entry speed, errors made during
typing are often measured also, and measurements in that case can be for example
total error rate (TER), corrected error rate (CER), and not corrected error rate
(NCER) [Soukoreff and MacKenzie 2004]. Here we concentrate on WPM for easy
comparison of text entry speeds.

Buschek et al. [2018] compare different hand postures when using a phone. Average
speed for all participants for all hand postures was 32.1 WPM. Average speed for
different hand postures were 36.8 WPM for two-thumb typing was, 25.3 WPM for
right hand thumb typists, 27.3 WPM for left hand thumb typists, 36.7 WPM for two



index finger typists, 24.4 WPM for right index finger typists and 30.8 WPM for left
index finger typists. Individual participants did not always use one hand posture,
instead they changed postures. In [Oulasvirta et al. 2013] participants were using a
two thumb hand posture with a split software keyboard and reached a rate of 37
WPM. Does a grip ring, such as PopSocket, speed up text entry? Shen et al. [2018]
tested a Bunker Ring and noticed grip rings do not affect text entry performance in
terms of speed, accuracy, or keystrokes per character. Entry speeds without and with
a grip ring were 25.56 WPM and 25.59 WPM, respectively.

Arif and Mazalek [2016] survey text entry techniques for smartwatches. They
compare software keyboards and handwriting techniques from the literature.
Keyboards are categorized as QWERTY keyboards and novel keyboards. The fastest
non-predictive QWERTY keyboards are DualKey (19.61 WPM), ZoomBoard (17.08
WPM), and SplitBoard (15.07 WPM). Swype (29.3 WPM) is the fastest in predictive
QWERTY keyboards and DualKey in novel non-predictive keyboards when using a
SWEQTY keyboard (21.59 WPM).

Kristensson and Denby [2009] and Fleetwood et al. [2002] measured the speed for
handwriting using a stylus. Kristensson and Denby [2009] report a mean text entry
rate of 24.1 WPM after 250 minutes of practice. In Fleetwood et al.'s [2002] study,
experts reached an average rate of 21 WPM. For comparison, they also measured the
pen and paper speed, which was 26.8 WPM.

Lyons et al. [2006] and Clarkson et al. [2005] researched the speeds of mobile
physical keyboards. Lyons et al. [2006] tested HandyKey Twiddler, a one-handed
chording mobile keyboard. Five of the twelve participants achieved an average rate of
47 WPM after practicing approximately 25 hours. In Clarkson et al.'s [2005] study
each of the participants were randomly assigned one of two different mini-QWERTY
keyboards. After the twentieth session, average speed was 60 WPM. Single fastest
session speed was 74.69 WPM.

How do the above speeds compare to a physical normal-sized keyboard? In Li et al.'s
[2011] study participants achieved an average typing speed of 82.6 WPM with a
physical keyboard. In Shi et al.'s [2018] study participants typed with an average
speed of 68.4 WPM. In Findlater et al.'s [2011] study mean typing speed for twenty
skilled typists was 85.0 WPM.

What speed is sufficient for mobile and wearable text entry? Kristensson and
Vertanen [2014] introduce the concept of the inviscid entry rate where there is a point
when the user’s creativity is the bottleneck rather than the text entry method.
According to them, the sufficiently inviscid text entry rate for mobile text entry is
around 67 WPM. With this concept we could rule out typing with a software



keyboard on a phone or a smartwatch or using a stylus. On the other hand, it seems
like typing with a virtual keyboard on a phone is good enough for people, but that
probably means in the case of writing for example short chat and email messages
instead of writing long articles. For longer texts, a physical mini-QWERTY keyboard,
a device with a larger touchscreen or a wireless physical keyboard would help
making it easier and faster to type. Problem with a larger touchscreen or a wireless
physical keyboard is the space they take. They usually don't fit a pocket unless you
can fold them and in that case they could be too thick to fit the pocket.



3 DoubleType

In this chapter, I present three concepts, DoubleType A, DoubleType B, and
DoubleType C. The design rationale is explained for each concept.

3.1 Motivation

Five problems exist regarding wearable and mobile note taking. (1) The virtual
keyboard is too small on current phones and tablets, so you make a lot of mistypings,
which makes typing inefficient [Kim et al. 2014, Pereira et al. 2014]. For older
people and people with big hands this is an even greater problem [Smith and
Chaparro 2015]. Not everyone likes autocorrect [Madison 2011], so that is not a
solution for small screens for everyone. (2) We sit too much and it is not healthy for
us [Dunstan et al. 2011]. (3) Current laptops are too heavy if one wants to write text
standing up without using a table. (4) If you want to walk outside and take notes
[Ahtinen ef al. 2017], there are no tables you can put your laptop on to be able to
write ergonomically. (5) You do not always have a bag or even clothes with pockets,
as in the situation you are jogging on a hot day or you take sun on the beach. You
never know when you get an idea and you need to write down your ideas
immediately before you forget them. If you have no pockets and you do not want to
carry a phone in your palm, you could use a smartwatch or a smart bracelet, but the
display is too small for writing text efficiently with them.

The DoubleType concept solves all five problems mentioned above. (1) The virtual
keyboard is of the size of 26.5 cm x 5.9 cm (10.4" x 2.3"), which should be large
enough for comfortably typing text without making mistypings as often as with
phones and tablets. (2) With DoubleType you are able to type anywhere, sitting or
standing up. (3) DoubleType is not as heavy as laptops and not as cumbersome to use
while standing up. (4) You do not need a table with DoubleType (concepts A and B)
as you do with laptops. (5) DoubleType does not need pockets, because you can carry
it on your wrists.

3.2 Method

Protypes help designers share new ideas, get feedback from users and articulate
reasons for final choices. They also encourage communication, help designers and
users to discuss options and interact with each other. [Beaudouin-Lafon and Mackay
2012] In this study, three paper prototypes were created and then one video prototype
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to illustrate how the user interacts with the bracelets when entering text to the system.

In human-computer interaction (HCI), surveys are used to collect information about
users' satisfaction, opinions, ideas, and evaluations about a system [Ozok 2012]. This
study used an online questionnaire to ask participants closed and open-ended
questions about the prototypes to get feedback about the pros and cons of the
prototypes.

This study was done during the COVID-19 pandemic, so an online questionnaire was
an obvious choice to avoid unnecessary contact with people [Amuedo-Dorantes et al.
2021, Reif et al. 2021]. There is a problem receiving enough feedback using feedback
forms in Finnish schools [Henttinen 2000, Savolainen 2000], so my aim was to make
the questions easy to respond to by avoiding too many open-ended questions.

3.3 DoubleType A

The first concept, DoubleType A, consists of two bracelets. Figure la shows the
bracelets separated from each other. Each bracelet has a magnet. The magnets are
shown as gray circles in Figure la and they are used to connect the braceletes
together. The "Nonactive area" is the part of the bracelet that does not react to touch,
so it is safe to touch while holding the bracelet. In Figure 1b the two bracelets have
been connected to each other. Left-hand bracelet ("Keyboard Bracelet") shows a
virtual keyboard for typing text. Right-hand bracelet ("Display Bracelet") shows the
text that has been typed. The "Display Bracelet" is held from the "Nonactive area".

—

Nonactive area —

Magnet

\
—>
Width: 5.9 cm

Figure 1. (a) Two bracelets separated. (b) Two bracelets connected to each other.

You can also see the measurements of the bracelets in Figure la. The width and
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length of each bracelet is 5.9 cm x 26.5 cm. The display size (i.e. diagonal of
rectangle) of each bracelet is 10.69".

In Figure 2 you can see the paper prototype of DoubleType A. In Figure 2a the
bracelets are connected to each other and held with one hand. In Figure 2b the
bracelets are compared to every day items: a 2 € coin, a 20 cm ruler, a ballpoint pen,
and a smartphone (iPhone 6 with a 4.7" display).

BN

Figure 2. (a) Paper prototype held with one hand. (b) Bracelets compared to every day items.

3.4 DoubleType B

DoubleType B consists of two bracelets just like DoubleType A. The measurements
i.e. width and length of the bracelets are the same also. The difference is that the
software keyboard has been designed for two-thumb typing: the keyboard is split
from the middle and the keys are closer to the thumbs. You can see DoubleType B in
Figure 3a.
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Figure 3. (a) DoubleType B. (b) DoubleType C.

3.5 DoubleType C

DoubleType C is designed to be put on a table unlike DoubleType A and DoubleType
B. When the user has both hands available, text entry speed will increase.
DoubleType C consists of two bracelets just like DoubleType A and DoubleType B.
The measurements of the bracelets are the same also. You can see DoubleType C in
Figure 3b. With DoubleType C the left-hand bracelet ("Keyboard Bracelet") is put on
a table. The right-hand bracelet ("Display Bracelet") bends and forms an angle so that
the user can easily see the text on the display.

3.6 Similar concepts and designs

DoubleType can be seen as a dual-display system or as two devices connected to each
other both having their own display. Robertson et al. [1996] discuss about a multiple-
device application consisting of a PDA that operates in conjunction with an
interactive television (ITV). Using a stylus, the user interacts with the PDA, which
sends data to a settop box. The settop box is connected to a server using a cable and
downloads data from the server and that data is displayed on the television. Merrill et
al. [2007] introduce Siftables, which are a collection of compact tiles, each with a
LCD screen, an accelerometer, infrared transceivers, battery and an RF radio. User
can manipulate the tiles as a group and the interaction is sensed and used as input to
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the system.

AugmentedForearm [Olberding et al. 2013] and Facet [Lyons et al. 2012] are
wearables that have multiple displays. AugmentedForearm is a prototype consisting
of four WIMM [Informationweek 2011] computers and sensors attached to the skin
of the forearm. Each of the WIMM computers feature a 1.5 inch display, an
accelerometer and Wi-F1 connectivity. AugmentedForearm detects the orientation of
the arm and how much of a shirt's sleeve covers the forearm to interact with the user.
Facet consists of a bracelet and WIMM One computers each forming one segment.
The segments can be removed from and inserted to the bracelet. Facet uses pose
detection and multi-segment touch for interaction.

Not only does DoubleType have multiple displays, the displays are also flexible.
DisplaySkin [Burstyn ef al. 2015] and Snaplet [Tarun et al. 2011] are wearables with
a flexible display. DisplaySkin is a pose-aware wrist-worn device, which has a
flexible electrophoretic display that is 6.5 inches long and 3 inches wide. DisplaySkin
detects user's wrist relative to their shoulder using two inertial measurement units
(IMU) where one is worn around the user's upper arm and one is integrated in the
DisplaySkin. Snaplet is a wearable display augmented with sensors and it can be used
in three forms. In a convex shape on the wrist (or on the forearm based on the
images) it functions as a watch and media player. In a concave shape it functions as a
phone. In a flat form it can be held in the hand like a PDA.

You can fold or wrap DoubleType on your wrist, which can remind of foldable
phones [Lee ef al. 2019]. Foldable phones are already in the market. Samsung Galaxy
Z Fold 3 [Spoonauer 2022] is an example of a foldable phone. It has an external
display of 6.2 inches and an internal display of 7.6 inches. One can fold it so that it
takes less space.

3.7 Questionnaire

An online questionnaire was published on the intranet of University of Tampere. 34
volunteers participated. You can find the contents of the questionnaire in Appendix 1.
At the beginning of the questionnaire, participants were informed answers were
anonymous and there was no monetary compensation for participating. After that,
five background questions were asked and then five questions about the prototypes.
The questions are listed below, so that they can be easily referred to later in this thesis
(closed and open-ended options have been removed from the questions for brevity):

Q1. How old are you?
Q2. What is your gender?
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Q3. When using a phone, which of these actions do you perform when typing text?
Q4. Does your current phone have a big enough screen for typing text?

Q5. How do you type text with your phone?

Q6. How comfortable do you think DoubleType is for typing text?

Q7. Do you think DoubleType will help avoid getting neck and shoulder pains from
typing text?

Q8. Sitting long periods of time is considered unhealthy. Would you use DoubleType
to type in a standing position for some parts of your days?

Q9. Which of these prototypes would you prefer using?

Q10. Do you have any comments or opinions about DoubleType you would like to
share?

Questions 1-5 are background questions and questions 6—10 deal with the
DoubleType concepts. Questions 6—8 are about ergonomics. More precisely, question
7 is related to neck pain [Yoon ef al. 2021] and question 8 is related to sedentary
work [Antle ef al. 2018, Dunstan et al. 2011]. Question 9 compares the concepts to
each other. At the beginning of my design process I only had one concept, wich is
DoubleType A. I had two other ideas that I wanted to evaluate, so I included them in
this thesis to see what kind of opinions participants would have about them. Question
10 is an open-ended question for miscellaneous feedback, but it can also deliver new
ideas the other questions did not discuss about. For example, there was no question
about the aesthetics of the bracelets, but from the answers I can deduce there could
have been a question about that also.

3.8 Results

The answers to the ten questions by the participants are presented below. Tables 1-9
show numerical data of the answers. There is no numerical data for question 10 as it
was an open-ended question.

18-25 8
26-30 14
31-40 8
41-50 4
51-60 0
over 60 0

Table 1. Age distribution of the participants.
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Q1. Of all the participants, who filled in the questionnaire, eight were 18-25 years
old, 14 were 2630 years old, eight were 31-40 years old, and four were 41-50 years
old (see Table 1). No-one was older than 50 years old.

female 19

male 15

Table 2. Gender of the participants.

Q2. 19 participants were female and 15 were male (see Table 2).

use chat 34
make notes 32
search for information 32
use social media 29
use email 25
write a diary/journal 2
write office documents 1
write text messages 1

Table 3. Actions performed on phone when typing text by the participants.

Q3. Participants were asked what kind of actions they perform on their phone when
typing text and ready-made categories were offered as choices (see Table 3). This was
a multiple-choice question. There was also a free form section to give a more detailed
answer. 34 people use chat, 32 people make notes, 32 people search for information,
29 people use social media, 25 people use email, two write a diary/journal, one writes
text messages, and one writes office documents. In the free form section participant
17 answered "write short, unpolished fiction", which could be categorized as making
notes or writing a journal, but of course, fiction is neither of them. Participant 20
replied "write google docs", which could be categorized as writing office documents,
but you can use Google Docs for many different types of texts. Participant 22 replied
"Writing english and russian to Duolingo", which could be categorized as "use
translation service" if there was such a category.

Yes 33
No 1

Table 4. Is participant's phone big enough for typing text.
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Q4. 33 participants think their current phone has a big enough screen for typing text
and one thinks it is not big enough (see Table 4).

hold the phone with both hands and type with |19
your thumbs

use one finger to input text and hold the phone |9
with the other hand

hold the phone with one hand and type with |2
the same hand using one finger

Table 5. Hand posture while typing text.

Q5. 19 people hold the phone with both hands and type with one's thumbs, 9 people
use one finger to input text and hold the phone with the one's hand, and 2 people hold
the phone with one hand and type with the same hand using one finger (see Table 5).

In the free form section of question 5 three participants replied their hand posture
varies. Participant 8 wrote "Interchanging between three styles: holding the phone in
one hand and writing with the thumb of the same hand using the gboard with swipes;
holding the phone in one hand and writing with swipes using the other hand's index
finger; holding the phone with both hands and using thumbs". Participant 25 wrote "It
varies. | use both thumbs most often, but sometimes I hold the phone and type with
the same hand using one finger, and sometimes I keep the phone on a table/lap and
type with 1-3 fingers (either with one or both hands), and sometimes I hold the phone
and type with one finger using the other hand". Participant 34 wrote "all options,
depending on the situation".

Swiping [Chen et al. 2014] was not given as an option, but participant 19 wrote
"With both thumbs or by swiping".

Very comfortable 0
Fairly comfortable 12
Quite uncomfortable 18
Very uncomfortable 4

Table 6. Perceived comfortability of DoubleType.

Q6. When asked how comfortable the participants think DoubleType is for typing
text, 18 people responded "Quite uncomfortable", 12 "Fairly comfortable", 4 "Very
uncomfortable", and no-one answered "Very comfortable" (see Table 6).
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No

28

Yes

6

Table 7. Will DoubleType help avoid getting neck and shoulder pains from typing text.

Q7. When asked do participants think DoubleType will help avoid getting neck and
shoulder pains from typing text, 28 answered no, and 6 replied yes (see Table 7).

No

22

Yes

11

Table 8. Would participants use DoubleType to type in a standing position for some parts of their

days.

Q8. When asked would participants use DoubleType to type in a standing position for
some parts of their days, because sitting long periods of time is considered unhealthy,
22 answered no and 11 answered yes (see Table 8). One person did not give an
answer.

A 2
B 12
C 20

Table 9. Which prototype participants would prefer using.

Q9. When asked which prototype participants would prefer using, 2 answered A, 12
chose B, and 20 responded C (see Table 9).

Q10. At the end of the questionnaire participants were asked if they had any other
comments or opinions about DoubleType.

Some participants criticized the large size of the braceletes. Participant 1 wrote "The
bands are quite big to be worn on wrists". Participant 11 wrote "For me, as a person
with tiny wrists (circumfrance 13,4/14 cm), I fear a device like this would not fit".
Participant 12 wrote "the current prototype looks uncomfortably wide for smaller
hands/arms". Participant 17 wrote "I do not believe DoubleType would offer me any
benefit personally, since it seems less convenient than typing on a laptop (the screen
is very small too, and that option does not help with ergonomy) and I would still have
to carry my phone with me for my other mobile activities like games, photography
and calling". Participant 27 wrote "DoubleType would be pretty inconvenient; it
looks too big for me to be able to take it with me everywhere like a phone".
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Some people told they would rather use a desktop or laptop computer if there is a
need to type longer texts. Participant 7 wrote "Right now I can't think of a situation
where a phone wouldn't be more convenient and a laptop faster to type on".
Participant 8 wrote "If I need to write a text longer than a few sentences, I tend to
avoid doing so with my phone and use a computer with a proper keyboard instead".

Some people do not like touchscreens as a medium to type text. Participant 20 wrote
"For me, any kind of touch-screen keyboards are uncomfortable to use compared to
regular keyboards where you actually push the keys". Participant 8§ wrote "Even the
cheapest and worst kind of physical keyboards are by far faster, more accurate, more
comfortable and in all ways preferrable to typing on any kind of a touchscreen".

Some people noted that typing with one hand is slower. Participant 19 wrote "I can't
find typing with only one hand to be any faster than typing with both my thumbs on
my phone". Participant 25 wrote "Imo the A type would make typing slower because
you could only use one hand".

People in general do not seem to write long texts with their phones. Participant 22
wrote "usually I do not write long texts with phone". Participant 27 wrote "I usually
make quick notes on my phone when I'm on the move and need to write something
down before I forget it".

One was worried about the bracelets limiting the wrist movements. Participant 7
wrote "there would have to be a lot of care put in for the bracelets to not limit arm
movement and feel cumbersome or uncomfortable".

One person didn't like the idea of removing bracelets from the wrists before typing
text. Participant 18 wrote "I'd like to use DoubleType in a way where one doesn't
need to take the bracelets off".

Someone misses the physical keypads that were used on mobile phones. Participant 6
wrote "just bring back buttons on phones".

Someone criticized the idea of DoubleType being more comfortable to type text
because of a larger display area. Participant 20 wrote "The level of comfort in typing

on a mobile device ultimately has little to do with the size of the keyboard and screen,
I find".

Someone (participant 12) suggested the bracelets should come in a variety of widths
for different sized people.

Participants also gave new ideas I had not thought of. Participant 18's suggestion
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reminds me of the foldable smartwatch prototype I have seen on the Web [Kapale
2019]: "I'd like to use DoubleType in a way where one doesn't need to take the
bracelets off. E.g. so that the keyboard bracelet would be wide open on my arm and
the screen bracelet would be around the same arm". Participant 25 suggested that
instead of carrying two bracelets, one bracelet could function like a Bluetooth
keyboard and connect to a phone, which shows the text being edited. Participant 5
suggested carrying a keyboard at the back of the phone: "How about making qwerty
(or close enough) sized version which could be attached into the back of the phone
with magnet/popsocket etc. so that it could easily be taken into action when
required".

The relation of participants' hand posture and concept preference was investigated
(see tables 10-13).

A

1

B

7

C

11

Table 10. Hold the phone with both hands and type with one's thumbs: concept preference.

People who hold the phone with both hands and type with their thumbs voted 1 for A,
7 for B and 11 for C (see table 10).

A 0
B
C 1

Table 11. Hold the phone with one hand and type with the same hand using one finger: concept
preference.

People who hold the phone with one hand and type with the same hand using one
finger voted 0 for A, 1 for B and 1 for C (see table 11).

A
B
C

Table 12. Use one finger to input text and hold the phone with the other hand: concept preference.

People who use one finger to input text and hold the phone with the other hand voted
1 for A, 4 for B and 4 for C (see table 12).
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A
B
C

Table 13. Open answer regarding hand posture: concept preference.

People who gave an open answer regarding hand posture voted 0 for A, 0 for B and 4
for C (see table 13).

3.9 Discussion

I was suprised how well the participants answered the questions. None of the
questions were obligatory, so more people could have ignored questions that felt too
difficult or laborious. Questions with ready-given options (questions 1-9) were all
answered, except one question by one person. Participant 2 did not answer question
8, which might have been by mistake. 14 people gave answers to question 10, so not
everyone wanted to give additional insights of their thoughts about the concepts.

I did not record how many people clicked the link and watched the video, so I do not
have data on how many people watched the video. Microsoft Forms does not give
information about link clicks. At the time of writing this (April 30th, 2022), the video
has received 43 views according to YouTube (video was uploaded to YouTube on
September 16th, 2021 and the questionnaire was published on September 30th,
2021). Approximately three of the views are from me as I tested the video on a
phone, a tablet and a desktop computer to see how it looks like on different devices. 1
have not advertised the video to anyone outside this research and the video has not
been defined as public on YouTube.
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Figure 4. Age distribution of the participants.

Question 1 of the questionnaire inquiried the age range of the participants (see Figure
4). Most of the people (22) were in the age range 18-30 years old and the rest (12)
were in the age range 31-50 years old. No-one was older than 50 years old.

m male
m female

Figure 5. Gender of the participants.

Question 2 asked about sex of the participants (see Figure 5). More than half (19)
were female and less than half (15) were male.
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use chat |
search for information _
use socil media. [N
use emeil

write a diary/journal -
write text messages I
write office documents .
0 5 10 15 20 25 30 35 40

Figure 6. Actions performed on phone when typing text.

Question 3 asked about application categories regarding text entry (see Figure 6). All
(34) people use chat and most people use notes (32) and search for information (32).
Many people use social media (29) and email (25). These results conform with [Ceci
2021] and [Buschek et al. 2018].

mYes
m No

Figure 7. Is participant's phone big enough for typing text.

Question 4 asked does the participant's current phone have a big enough screen for
typing text (see Figure 7). Almost everyone (33) answered yes and one answered no.
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This question could have been more exact and query does the participant's current
phone have a big enough screen for typing text for a longer period of time and/or
does the user make too many mistakes while typing text with one's fingers on the
touchscreen, because the keys of the software keyboard are too small for the fingers.
It is possible that people have so much experience with smartphones already they
know how to buy big enough phones. Or it is possible people are used to making
more mistakes when typing with a phone instead of using a desktop computer.

hold with both hands, type with thumbs
hold with other hand, type with ane finger

type with the same hand holding the phone

0 2 4 g B 10 12 14 16 1B 20

Figure 8. Hand posture while typing text.

Question 5 asked about the hand posture when using one's phone (see Figure 8). Most
people (19) hold the phone with both hands and type with one's thumbs. Some people
(9) use one finger to input text and hold the phone with the one's hand. It was also
mentioned by some of the participants that the hand posture varies. This does not
contradict with [Buschek ez al. 2018] or [Gold et al. 2012].

Very uncomfortable
Quite uncomfortable

Fairly comfortable

Very comfortable
0 2 4 G B 10 12 14 16 18 20

Figure 9. Perceived comfortability of DoubleType.

Question 6 asked how comfortable the participants think DoubleType is for typing
text (see Figure 9). More than half (18) answered "Quite uncomfortable" and about
35 % (18) answered "Fairly comfortable". Without text entry tests with a paper
prototype or a working prototype, it is difficult to say how correct the participants
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might be, but they could be right intuitively.

20
25
20
15
10

5

Mo Yes

0

Figure 10. Will DoubleType help avoid getting neck and shoulder pains from typing text.

Question 7 asked do participants think DoubleType will help avoid getting neck and
shoulder pains from typing text (see Figure 10). Most people (28) responded no.
Neck and shoulder pains are difficult to predict without using a prototype for testing
whether the participants could be correct. The reason for this question is that the
correct ergonomical posture while typing is important. Yoon et al. [2021] have
researched the neck's muscular load when using a smartphone. Jin et al. [2019] have
compared biomechanical workload between smartphones and smartwatches. The
consequences of incorrect ergonomical postures were not explained to the
participants, which may or may not affect the answers. On the other hand, the
ergonomical posture while typing with DoubleType might be incorrect as it has not
been researched. There are people who use their phone for a short period of time
when they need to use it and in that case ergonomics is not so important, but there
could be people who use their phone even for hours each day.
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Figure 11. Would participants use DoubleType to type in a standing position for some parts of their
days.

Question 8 asked would participants use DoubleType to type in a standing position
for some parts of one's days, because sitting long periods of time is considered
unhealthy (see Figure 11). Most people (22) answered no. Maybe standing for some
parts of the day is not considered important or maybe participants would rather use a

desktop computer instead while standing next to a table that is high enough for being
able to stand next to it.

25
20
15

10

o

o I

A B C

Figure 12. Which prototype participants would prefer using.

Question 9 asked which prototype participants would prefer using (see Figure 12).
Most (20) answered C. The prototypes A and B might look too clumsy and therefore
received the least amount of votes. Prototype C might feel more familiar as it could
remind people of laptop computers.



26

Question 10 asked if participants had any other comments or opinions about
DoubleType. DoubleType A did not receive favorable feedback in general.
DoubleType C raised some interest. This open-ended question revealed new ideas |
had not encountered before, such as (1) using one bracelet as a keyboard for their
phone, (2) carrying a keyboard at the back of the phone, and (3) "keyboard bracelet
would be wide open on my arm and the screen bracelet would be around the same
arm". The size of the bracelets was not in favor of the participants

DoubleType seems to be a niche product, but it could be used in a factory by a
technician making notes of procedures that have been finished. DoubleType could be
used in situations where a person does not want to wear clothes that have pockets and
does not carry a bag either. A beach would be one place for that kind of situation, but
the wrists would not get sun unless the bracelets were removed from the wrists while
taking sun.
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4 Conclusions

This research introduced a novel concept DoubleType for wearable text entry to make
it more comfortable to write text with a wearable device and aimed to find out
people's views of the concept. Paper prototypes, a video prototype and an online
questionnaire were used to assess people's opinions.

The concept was not seen as a comfortable system for text entry. Of the three
concepts, participants favored the most concept C, where the concept is put on a
table. From the open-ended questions it was revealed participants disliked the size of
the bracelets. Also, people like to write longer texts using a desktop computer.

DoubleType does not seem to be of interest to people in general, but maybe it could
be used in factories where the large size of the bracelets does not matter esthetically
as long as text entry is easier than with normal-sized phones or small smartwatches.
Another possible use for DoubleType could be situations where a person does not
want to wear clothes with pockets and does not carry a bag either, such as taking sun
on a beach. Avoiding sitting for a long period of time is a third situation that comes to
mind where a user can stand up and type text while standing. Future research with
working prototypes is needed to find out how ergonomic and efficient DoubleType is
for text entry.



28

5 References

[Adhikary and Vertanen 2021] Jiban Adhikary and Keith Vertanen. 2021. Text entry
in virtual environments using speech and a midair keyboard. /IEEE Transactions on
Visualization and Computer Graphics 27, 5.

[Ahtinen et al. 2017] Aino Ahtinen, Eeva Andrejeft, Christopher Harris, and Kaisa
Viadnanen. 2017. Let's walk at work: Persuasion through the brainwolk walking
meeting app. In: Proc. of the 21st International Academic Mindtrek Conference 2017,
73-82.

[Amuedo-Dorantes et al. 2021] Catalina Amuedo-Dorantes, Neeraj Kaushal, and
Ashley N. Muchow. 2021. Timing of social distancing policies and COVID-19
mortality: County-level evidence from the U.S. Journal of population economics 34,
4, 1445-1472.

[Antle ef al. 2018] David M. Antle, Lauren Cormier, Megan Findlay, Linda L. Miller,
and Julie N. Coté. 2018. Lower limb blood flow and mean arterial pressure during
standing and seated work: Implications for workplace posture recommendations.
Preventive Medicine Reports 10, 117-122.

[Arif and Mazalek 2016] Ahmed Sabbir Arif and Ali Mazalek. 2016. A survey of text
entry techniques for smartwatches. Human-Computer Interaction. Interaction
Platforms and Techniques 9732, 255-267.

[Bass et al. 1997] Len Bass, Chris Kasabach, Richard Martin, Dan Siewiorek, Asim
Smailagic, and John Stivoric. 1997. The design of a wearable computer. In: Proc.
Conference on Human Factors in Computing Systems, 139—146.

[Bearne 2022] Suzanne Bearne. 2022. Not smart but clever? The return of
‘dumbphones’. Retrieved 2022-04-26, from https://www.bbc.com/news/business-
60763168

[Beaudouin-Lafon and Mackay 2012] Michel Beaudouin-Lafon and Wendy E.
Mackay. 2012. Prototyping tools and techniques. In: Julie A. Jacko (ed.). The
Human-Computer Interaction Handbook: Fundamentals, Evolving Technologies, and
Emerging Applications. CRC Press, 1081-1104.

[Bruno 2015] Tom Bruno. 2015. Wearable technology: Smart watches to Google
Glass for libraries. Rowman & Littlefield, 2015.



29

[Burstyn et al. 2015] Jesse Burstyn, Paul Strohmeier, and Roel Vertegaal. 2015.
DisplaySkin: Exploring pose-aware displays on a flexible electrophoretic wristband.
In: Proc. of the ACM Conference on Tlangible, Embedded, and Embodied Interaction,
165-172.

[Buschek et al. 2018] Daniel Buschek, Benjamin Bisinger, and Florian Alt. 2018.
ResearchIME: A mobile keyboard application for studying free typing behaviour in
the wild. In: Proc. Conference on Human Factors in Computing Systems 2018, 1-14.

[Cect 2021] L. Ceci. 2021. App categories that mobile users in the United States
spend the most time on as of 3rd quarter 2019. Retrieved 2022-04-26, from
https://www.statista.com/statistics/248343/distribution-of-time-spent-ios-and-
android-apps-by-category/

[Chen et al. 2014] Xiang 'Anthony' Chen, Tovi Grossman, and George Fitzmaurice.
2014. Swipeboard: A text entry technique for ultra-small interfaces that supports
novice to expert transitions. Proc. of the 27th Annual ACM Symposium on User
Interface Software and Technology, 615-620.

[Clarkson et al. 2005] Edward Clarkson, James Clawson, Kent Lyons, and Thad
Starner. 2005. An empirical study of typing rates on mini-QWERTY keyboards. CHI
EA 05, 1288-1291.

[Dunlop et al. 2014] Mark Dunlop, Andreas Komninos, and Naveen Durga. 2014.
Towards high quality text entry on smartwatches. CHI 'I14 Extended Abstracts on
Human Factors in Computing Systems, 2365-2370.

[Dunstan et al. 2011] David W. Dunstan, Alicia A. Thorp, and Genevieve N. Healy.
2011. Prolonged sitting: Is it a distinct coronary heart disease risk factor? Current
opinion in cardiology 26, 5, 412—419.

[Findlater et al. 2011] Leah Findlater, Jacob Wobbrock, and Daniel Wigdor. 2011.
Typing on flat glass: Examining ten-finger expert typing patterns on touch surfaces.
In: Proc. of the SIGCHI Conference on Human Factors in Computing Systems, 2453—
2462.

[Fleetwood et al. 2002] Michael D. Fleetwood, Michael D. Byrne, Peter Centgraf,
Karin Dudziak, Brian Lin, and Dmitryi Mogilev. 2002. An evaluation of text-entry in
Palm OS Graffiti and the virtual keyboard. In: Proc. of the Human Factors and
Ergonomics Society Annual Meeting 46, 5, 617-621.

[Ghosh et al. 2020] Debjyoti Ghosh, Pin Sym Foong, Shengdong Zhao, Can Liu,



30

Nuwan Janaka, and Vinitha Erusu. 2020. EYEditor: Towards on-the-go heads-up text
editing using voice and manual input. Proc. of the 2020 CHI Conference on Human
Factors in Computing Systems, 1—13.

[Gold et al. 2012] J.E. Gold, J.B. Driban, N. Thomas, T. Chakravarty, V. Channell,
and E. Komaroff. 2012. Postures, typing strategies, and gender differences in mobile
device usage: An observational study. Applied Ergonomics 43, 2, 408—412.

[Google Play 2022a] Google Play. 2022. ColorNote. Retrieved 2022-04-26, from
https://play.google.com/store/apps/details?
id=com.socialnmobile.dictapps.notepad.color.note

[Google Play 2022b] Google Play. 2022. Google Docs. Retrieved 2022-04-26, from
https://play.google.com/store/apps/details?
id=com.google.android.apps.docs.editors.docs

[Google Play 2022c] Google Play. 2022. Evernote. Retrieved 2022-04-26, from
https://play.google.com/store/apps/details?id=com.evernote

[Google Play 2022d] Google Play. 2022. Microsoft OneNote. Retrieved 2022-04-26,
from https://play.google.com/store/apps/details?id=com.microsoft.office.onenote

[Google Play 2022¢] Google Play. 2022. Microsoft Word. Retrieved 2022-04-26,
from https://play.google.com/store/apps/details?id=com.microsoft.office.word

[Heller et al. 2021] Florian Heller, Kashyap Todi, and Kris Luyten. 2021. An
interactive design space for wearable displays. In: Proc. of MobileHCI 2021, 1-14.

[Henttinen 2000] Kaisa Henttinen. 2000. Opiskelijapalaute opetuksen laadun
kehittamisen vdlineend. Pro gradu.

[Hofmann et al. 2016] Bjorn Hofmann, DuSan Haustein, and Laurens Landeweerd.
2016. Smart-glasses: Exposing and elucidating the ethical issues. Science and
Engineering Ethics 23, 3, 701-721.

[Hasda 2021] Tomi Hasd. 2021. DoubleType. Retrieved 2021-09-16, from
https://www.youtube.com/watch?v=rzkl4rz FNU

[Informationweek 2011] Informationweek - Online. 2011. Android's next act:
Wearable devices from WIMM.

[Jiang ef al. 2019] Haiyan Jiang, Dongdong Weng, Zhenliang Zhang, and Feng Chen.



31

2019. Hifinger: One-handed text entry technique for virtual environments based on
touches between fingers. Sensors (Basel, Switzerland) 19, 14, 3063.

[Jin et al. 2019] Sangeun Jin, Minsung Kim, Jihyeon Park, Minsung Jang, Kyuseok
Chang, and Daemin Kim. 2019. A comparison of biomechanical workload between
smartphone and smartwatch while sitting and standing. Applied Ergonomics 76, 105—
112.

[Kapale 2019] Sneha Kapale. 2019. Oppo's patented foldable smartwatch is more
than just a smartwatch. Retrieved 2022-04-26, from
https://www.techgenyz.com/2019/07/22/oppos-patented-foldable-smartwatch/

[Kim et al. 2014] Jeong Ho Kim, Lovenoor Aulck, Ornwipa Thamsuwan, Michael C.
Bartha, and Peter W. Johnson. 2014. The effect of key size of touch screen virtual
keyboards on productivity, usability, and typing biomechanics. Human Factors 56, 7,
1235-1248.

[Kortuem et al. 1999] Gerd Kortuem, Martin Bauer, and Zary Segall. 1999.
NETMAN: The design of a collaborative wearable computer system. MONET 4, 1,
49-58.

[Kristensson and Denby 2009] Per Ola Kristensson and Leif C. Denby. 2009. Text
entry performance of state of the art unconstrained handwriting recognition: A

longitudinal user study. In: Proc. of the SIGCHI Conference on Human Factors in
Computing Systems 2009, 567-570.

[Kristensson and Vertanen 2014] Per Ola Kristensson and Keith Vertanen. 2014. The
inviscid text entry rate and its application as a grand goal for mobile text entry. In:

Proc. of the 16th International Conference on Human-Computer Interaction with
Mobile Devices and Services, 335-338.

[Lee et al. 2019] Songil Lee, Gyouhyung Kyung, Donghee Choi, Jihhyeon Yi,
Minjoong Kim, Byeonghwa Choi, and Seungbae Lee. 2019. Where to put the
creases? Interactions between hand length, task, screen size, and folding method on
the suitability of hand-held foldable display devices. Ergonomics 62, 6, 723-733.

[Li et al. 2011] Frank Chun Yat Li, Richard Guy, Koji Yatani, and Khai Truong. 2011.
The 1line keyboard: A QWERTY layout in a single line. In: Proc. of the 24th Annual
ACM Symposium on User Interface Software and Technology, 461—470.

[Lyons et al. 2006] Kent Lyons, Thad Starner, and Brian Gane. 2006. Experimental
evaluations of the Twiddler one-handed chording mobile keyboard. Human-computer



32

Interaction 21,4, 343-392.

[Lyons et al. 2012] Kent Lyons, David H. Nguyen, Daniel Ashbrook, and Sean
White. 2012. Facet: A multi-segment wrist worn system. Proc. of the 25th Annual
ACM Symposium on User Interface Software and Technology, 123—129.

[MacKenzie and Soukoreff 2002] I. Scott MacKenzie and R. William Soukoreff.
2002. Text entry for mobile computing: Models and methods, theory and practice.
Human-computer Interaction 17, 2-3, 147-198.

[Madison 2011] lJillian Madison. 2011. Damn You, Autocorrect!: Awesomely
Embarrassing Text Messages You Didn't Mean to Send. Hyperion Books, 2011.

[Merrill et al. 2007] David Merrill, Jeevan Kalanithi, and Pattie Maes. 2007.
Siftables: Towards sensor network user interfaces. In: Proc. of the Ist International
Conference on Tangible and Embedded Interaction, 75-78.

[Narayanaswami 2006] Chandra Narayanaswami. 2006. Expanding the role of
wearable computing in business transformation and living. In: Athanasios Vasilakos
and Witold Pedrycz (eds.). Ambient Intelligence, Wireless Networking, and
Ubiquitous Computing, 103—125.

[Olberding et al. 2013] Simon Olberding, Kian Peen Yeo, Suranga Nanayakkara, and
Jirgen Steimle. 2013. AugmentedForearm: Exploring the design space of a display-
enhanced forearm. In: Proc. of the 4th Augmented Human International Conference,
9-12.

[Oulasvirta et al. 2013] Antti Oulasvirta, Anna Reichel, Wenbin Li, Yan Zhang,
Myroslav Bachynskyi, Keith Vertanen, and Per Ola Kristensson. 2013. Improving
two-thumb text entry on touchscreen devices. In: Proc. of the SIGCHI Conference on
Human Factors in Computing Systems 2013, 2765-2774.

[Ozok 2012] A. Ant Ozok. 2012. Survey design and implementation in HCI. In: Julie
A. Jacko (ed.). The Human-Computer Interaction Handbook: Fundamentals,
Evolving Technologies, and Emerging Applications. CRC Press, 1259-1277.

[Park et al. 2014] Sungmee Park, Kyunghee Chung, and Sundaresan Jayaraman.
2014. Wearables: Fundamentals, advancements, and a roadmap for the future. In:
Edward Sazonov and Michael R. Neuman (eds.). Wearable Sensors: Fundamentals,
Implementation and Applications, 1-23.

[Pereira et al. 2014] Anna Pereira, Chih-Ming Hsieh, Charles Laroche, and David



33

Rempel. 2014. The effect of keyboard key spacing on typing speed, error, usability,
and biomechanics, part 2: Vertical spacing. Human Factors 56, 4 (2014), 752—759.

[Reif ef al. 2021] Julian Reif, Hanke Heun-Johnson, Bryan Tysinger, and Darius
Lakdawalla. 2021. Measuring the COVID-19 mortality burden in the United States: A
microsimulation study. Annals of Internal Medicine 174, 12, 1700—1709.

[Robertson et al. 1996] Scott Robertson, Cathleen Wharton, Catherine Ashworth, and
Marita Franzke. 1996. Dual device user interface design: PDAs and interactive
television. CHI'96 Proceedings, 79—-86.

[Ryan 2014] Susan Elizabeth Ryan. 2014. Garments of Paradise: Wearable
Discourse in the Digital Age. The MIT Press, 2014.

[Savolainen 2000] Sari Savolainen. 2000. Opiskelijat opetuksen ja oppimisen
arviointiaallokossa. Pro gradu.

[Shen ef al. 2018] Monwen Shen, Gulnar Rakhmetulla, and Ahmed Sabbir Arif. 2018.
Put a ring on it: Text entry performance on a grip ring attached smartphone. In: Proc.
CEUR Workshop 2183, 6-10.

[Shi et al. 2018] Weinan Shi, Chun Yu, Xin Yi, Zhen Li, and Yuanchun Shi. 2018.
TOAST: Ten-finger eyes-free typing on touchable surfaces. In: Proc. of ACM on
Interactive, Mobile, Wearable and Ubiquitous Technologies 2, 1, 1-23.

[Silfverberg et al. 2000] Miika Silfverberg, I. Scott MacKenzie, and Panu Korhonen.
2000. Predicting text entry speed on mobile phones. Proc. of the SIGCHI Conference
on Human Factors in Computing Systems 2000, 9-16.

[Silfverberg 2007] Miika Silfverberg. 2007. Historical overview of consumer text
entry technologies. In: I. Scott MacKenzie and Kumiko Tanaka-Ishuu (eds.). 7ext
Entry Systems: Mobility, Accessibility, 3-26.

[Smith and Chaparro 2015] Amanda L. Smith and Barbara S. Chaparro. 2015.
Smartphone text input method performance, usability, and preference with younger
and older adults. Human Factors 57, 6, 1015-1028.

[Soukoreff and MacKenzie 2004] R. William Soukoreft and I. Scott MacKenzie.
2004. Recent developments in text-entry error rate measurement. CHI '04 Extended

Abstracts on Human Factors in Computing Systems, 1425—-1428.

[Spoonauer 2022] Mark Spoonauer. 2022. Samsung Galaxy Z Fold 3 review: The



34

best  foldable phone just got better. Retrieved 2022-04-26, from
https://www.tomsguide.com/reviews/samsung-galaxy-z-fold-3

[Starner 2014] Thad Starner. 2014. How wearables worked their way into the
mainstream. /EEE Pervasive Comput. 13,4, 10-15.

[Statista 2021] Statista. 2021. Number of smartphone subscriptions worldwide from
2016 to 2027 (in millions). Retrieved 2022-04-26, from
https://www.statista.com/statistics/330695/number-of-smartphone-users-worldwide/

[Tarun et al. 2011] Aneesh P. Tarun, Byron Lahey, Audrey Girouard, Winslow
Burleson, and Roel Vertegaal. 2011. Snaplet: Using body shape to inform function in
mobile flexible display devices. CHI 'l Extended Abstracts on Human Factors in
Computing Systems, 329-334.

[Thomas et al. 1998] B. Thomas, S. Tyerman, and K. Grimmer. 1998. Evaluation of
text input mechanisms for wearable computers. Virtual Reality: The Journal of the
Virtual Reality Society 3, 3, 187-199.

[Thorpe 1998] E.O. Thorpe. 1998. The invention of the first wearable computer. In:
Proc. Second International Symposium on Wearable Computers, 4—8.

[Worldometer 2022] Worldometer. 2022. World Population Projections. Retrieved
2022-04-26, from https://www.worldometers.info/world-population/world-
population-projections/

[Yoon et al. 2021] Woojin Yoon, Seobin Choi, Hyeseon Han, and Gwanseob Shin.
2021. Neck muscular load when using a smartphone while sitting, standing, and
walking. Human Factors 63, 5, 868—879.



35

6 Appendices

6.1 Appendix 1 - Questionnaire

Introduction to the questionnaire

Thank you for participating in this questionnaire and helping me with my Master's
thesis. In my study I am researching how to make it possible to type longer and more
comfortably with mobile devices, such as phones, tablets and bracelets. I will ask five
background questions and then present my novel concept, DoubleType, which is a
system of two bracelets. After that, I will ask your opinions about the DoubleType.

Duration
Filling this questionnaire will take approximately 5—10 minutes.
Participant rights

Your answers will be recorded anonymously. Participation is voluntary and there is
no monetary compensation for participating.

Background

How old are you?
() under 18

() 18-25

() 26-30

() 3140

() 41-50

() 51-60

() over 60

What is your gender?
[] male []female [] other

When using a phone, which of these actions do you perform when typing text:
[] use email
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[] use social media

[] use chat

[] make notes

[] write office documents
[] search for information
[] write a diary/journal

[] other, specify:

Does your current phone have a big enough screen for typing text?
() Yes ()No

How do you type text with your phone?

() use one finger to input text and hold the phone with the other hand

() hold the phone with one hand and type with the same hand using one finger
() hold the phone with both hands and type with your thumbs

() other, specify:
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DoubleType

The following two pictures depict DoubleType — a double bracelet system for helping
with longer typing sessions when using a mobile device.

The two bracelets can be connected to each other with magnets, shown on the below
picture as gray circles. Left bracelet ("Keyboard Bracelet") shows a virtual keyboard
for typing text. Right bracelet ("Display Bracelet") shows the text that has been
typed. On the "Display Bracelet" there is a nonactive area that can be held with one
hand without interacting with the touch screen. You can also see the measurements of
the bracelets on the picture.
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On the second picture, the two bracelets have been connected to each other using
their magnets. The bracelets are partially transparent, so that the user can see the text
he/she is writing through the virtual keyboard.

-~

Lorem ipsum dolor sit amet,
consectetur adipiscing elit. Morbi
id urna a sem volutpat euismod.
Class aptent taciti sociosqu ad
litora torquent per conubia
nostra, per inceptos himenaeos.
Donec semper nunc ut eleifend
sodales. Phasellus efficitur, ex id
feugiat congue, lorem enim
aliquet sem, in vestibulum eros
lorem ac justo. Pellentesque nec
quam malesuada, faucibus leo
non, gravida leo. Nulla imperdiet
sapien at arcu aliquet auctor. In
finibus massa tortor, id porta
nibh malesuada nec.
Pellentesque sed ligula eget
tellus ornare fringilla a eget erat.
Vestibulum lacinia diam vitae
egestas imperdiet.

Sed id vulputate magna. Aliquam
sodales rutrum diam. Donec est
sapien, sodales at mattis
euismod, venenatis consectetur
dolor. Integer eget sollicitudin
leo. Nunc risus nisl, mattis in
massa eu, placerat vestibulum
urna. Ut eu sapien semper,
vulputate erat sit amet, placerat
felis. In blandit metus turpis, sed
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Paper prototype

Paper prototypes are used in human—technology interaction to design and test user
interfaces. The following two photographs present the paper prototypes for
DoubleType.

On the first photograph, you can see the bracelets on wrists.
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On the second photograph, the bracelets have been combined to form a display and a
keyboard. You can hold the combined bracelets with one hand and use the other hand
to type text using the virtual keyboard.

Video

You can also watch a two minute video (https://www.youtube.com/watch?

v=rzkl4rz FNU) demonstrating the paper prototype of the DoubleType, but it is not
necessary to be able to answer the questions. The video shows the prototype on wrists
and then on a table. You will also see the prototype's size compared to every day
items and a laptop computer. At the end of the video, you will see two other
configurations of the prototype.

Questions

How comfortable do you think DoubleType is for typing text?
() Very uncomfortable


https://www.youtube.com/watch?v=rzkI4rz_FNU
https://www.youtube.com/watch?v=rzkI4rz_FNU
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() Quite uncomfortable
() Fairly comfortable
() Very comfortable

Do you think DoubleType will help avoid getting neck and shoulder pains from
typing text?

() Yes

() No

Sitting long periods of time is considered unhealthy. Would you use DoubleType to
type in a standing position for some parts of your days?

() Yes

() No

I have designed three different prototypes shown below. You have seen the first
prototype, which is for one-finger typing (A). The second prototype is for two-thumb
typing (B) and the third setup is for typing on top of a table (C).

:.,.L\l’

]

Which of these prototypes would you prefer using?
0A
OB
0C

Do you have any comments or opinions about DoubleType you would like to share?
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Thank you!

Thank you for your answers. They help me to understand the user's point of view
better. If you have any questions regarding this questionnaire, you can email me at
tomi.hasa@tuni.fi.



