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Abstract

Connecting small, mobile computers to other
computers, especially when these connections are not
preconfigured, is a critical element in the user
experience of multi-device applications. We
empirically studied the user performance and
experience of such connections using WiFi phones
with Session Initiation Protocol (SP), Universal
Serial Bus (USB), Bluetooth radio, and wired
connectionsin a docking cradle. Results show that the
gain of easier information access by connecting
phones to larger displays and keyboards could
outweigh the cost of making the connection for text
entry with as few as a dozen characters.

Our initial goals included 1) introducing
guantitative measurements of connection time as a
metric for device discovery, 2) comparing different
kinds of wireless and wired connection, 3) evahgt
our connection approach based on the Voice-over IP
call signaling system called SIP (Session Initiatio
Protocol [2]), 4) establishing the trade-off poiior
using opportunistic augmentation.  Our primary
conclusions should interest mobile computing
technologists: 1) quantitative techniques for Human
Computer Interface studies work well for device
connection studies, 2) wireless connections were
surprisingly competitive with wired connections for
connection time, 3) our SIP phone techniques wsre a
good as or better than conventional solutions,hé) t

potential advantage of opportunistic augmentat®n i

large.  Overall our study suggests that device
connection technologies could be much faster and
easier for users.

The connection techniques we studied include
USB, docking, Bluetooth, and our new SIP technique.
USB and docking are both “wired”: physical contact
between devices creates the connection. Bluetaath a
SIP are both wireless: network contact is needed to
establish a connection. Network contact requires a
physical operation on one of the devices to prowde
select the network address for the other device
(discovery). We compared different physical
operations for each wireless technique. For Bht&to
we compared two variants of network selection:
whether the mobile or PC device initiated the
connection; for SIP the two variants were phone
number dialing or phone number entry via RFID. We
also measured wireless connection established by
keying the IP address of the phone into the PC web
browser as recommended by the phone manufacturer.
Thus we compare real-world connection technologies,
but comparisons include more than one variable
changing at a time.

In addition to connection time we measure task
completion time for entering phone numbers and
names in to an on-phone address book. While many
contextual and personal issues determine technology
benefit, we adopted a testable metric for oppostimi

I ntroduction

High capacity, miniature digital storage devices
allow mobile computing paradigms in which personal
and work files move with users rather than with
computers. In particular, mobile phones with large
digital storage capacity are now technically fekesib
and economically practical. Many people already
carry cellular phones: if the phone also contaittex
files typically held on a person computer (PC),nthe
these people would have ready access to such files
wherever they are and at all times. If, in additio
displays and keyboards could be easily attachebeto
phone, users could get much of the value of a PC
without the effort to carry one at all times. The
display/keyboard unit could be today’s PCs intexthc
to the phone or, in future, a less complex devike |
an advanced television with a wireless keyboard.

This use model would be especially attractive if
we did not need to pre-deploy displays for phong, b
could “opportunistically” use them to augment our
phone [3]. Routine, practical augmentation faceayna
obstacles, including quick connection, media
compatibility across machines, and safety of thiaada
from loss and theft. To start tackling these peois
we report here on the speed of connecting mobile
devices to PCs.



augmentation: for a user keying text into a digital Connection Time M easur ements
phone book, they benefit from augmentation when the

larger keyboard allows them to enter text faster.
Typically, augmentation takes more setup time than
keying text directly into a phone: users only béniéf

the setup or connection time is small enough redati

to the gain from having a larger keyboard for tgpin
For all connection techniques we use keyboard entry
on a web fill-in form. Our control is text entry an
phone key pad: this is what phone users will have t
do if they do not use augmentation. To make this
comparison fair we also measure the time it toaks

to navigate the phone user interface to the phones
address book.  Since the total task is “connedt an o, computers.

enter text” we.wiII classify the time a user t*’%“es We used three different devices in the study: 1) a
navigate to their address book as “connection time” SIP phone, ZyXEL model 2000 Prestige W, 2) a PDA
HP iPaq Model 6315nd 3) an Apricorn ez bus mini
Related Work USB 20GB disk drive. We chose the USB disk drive
o over smaller USB devices so that all devices were
Scott et al.[4] measured the connection times for similar in size and each required two hands to eohn
Bluetooth devices to demonstrate the advantage of pne to hold the device and one to operate the
bypassing in-network device discovery. They use a connection controls. The SIP phone came equipped
phone camera to read circular barcodes that contain with a web server that allows phone-book data entry
the Bluetooth address of the device to be ConnaotEd over the network. We also timed users as they
skipping the Bluetooth scanning step. The physical accessed the phone-book using the phone's keypad.

discovery methods we use for SIP addresses [1] are The PC was a Thinkpad model T23 running Microsoft
conceptually similar and our timing approach is \Windows XP.

Since our ultimate purpose is usable
augmentation, we adopt a measurement for connection
time that combines human interaction time with
computer and network delays in setting up the
connection. (As we discuss below, we also time the
computer and network delays separately). We
constrain the technology to treat the devices as
“strangers” in making connections. That is, we
specifically did not treat the handheld devices as
peripherals to a personal computer, but rather as
mobile peers that could connect to any number of

comparable. In addition to expanding the technplog Our user study had three Experiments: Expt.1).
arena by adding a SIP solution, we also compare to Connection times without application choice, amplie
wired solutions of USB and docking. to two SIP phone techniques, the manual IP tecleniqu

Hinckley demonstrates that two devices can be and navigating to a data entry menu using the phone
“bumped together” to connect them with times below keypad; Expt.2). Connection times with application
the level of human perception [6]. His technique choice, applied to two SIP phone techniques, dagkin
requires that the devices communicate on a common ysB, and two Bluetooth techniques; and Expt.3) Data
wireless channel to exchange accelerometer date. O entry measurement, for data input to the SIP pkone'
work relies on existing wireless technologies anel t  phone book, using both the phone keypad and the
two devices in our solution need not be on the same connected PC'’s keyboard.
subnet and wireless channel. Nevertheless we note Twelve people participated in Expt 1 and 3;

that all device connections techniques should @m f  twelve different people participated in Expt 2. Il A
the connection times Hinckley has shown to be participants where briefly trained in the conneatio

possible. o . and data-entry techniques; the order of the teciasiq
The cost of connection is only meaningful when \yas randomized across users.
considered against the gain of augmentation. For ga In Expt 1 and 2, a trial started when participants

measurement we compare text input via multitap picked up the mobile device from one table, turted
keying on the phone to keyboard entry for similar 3 nearby table, and connected the device to a PC on
data. James and Reischel [5] is one of the many the second table. The connection procedure for each
extensive studies of text entry on phones; keyboard technique differed as described below. A trial ehde
entry speeds are well known [7]. Our measurements 0 when the users had navigated on the PC to a specifi
text entry times here are part of the complete document stored on the mobile device over the
augmentation experience: users are not just typiag,  connection they had just established. Separately we

manipulating the phone, keyboard, and mouse ta ente aso timed the system delays for each techniquegth
data. Text entry speed plays an important role,sbut  times for each technique.

does user interface navigation speed and the device Expt 1 and 2 differed in the “application

connection interface. We combine these elements in selection” part of the connection procedure. Ekpt

our study. offered the user no choice of application (or media
rendering program); Expt 2 prompted the user tecsel
from a list of 2-4 applications. For example, the



choices might be 1) web browser/server and 2) VNC
client/server. This difference complicates our
presentation but it was unavoidable since only the
phone techniques could be tested both ways.

As much as possible, we tried to keep the overall
task similar to preparing to enter several new ghon
book entries. Device drivers were preloaded for the
USB and docking cases, but no information about
which specific devices would connect, such as
Bluetooth pairing was stored on the PC. The
connection task details for the seven techniques of
connecting a mobile device to a personal computer
(PC) are as follows:

SIP phone, user dialed: The participant picks up

selects “open folder to view files”, and navigatesa
file named “phonebook”.

USB disk drive: The participant picks up the
USB drive and connects it to the USB port on the PC
The interaction proceeds as for PDA docking.

Bluetooth from PC to PDA: The participant picks
up the PDA but uses the PC's Bluetooth control pane
to search for available Bluetooth devices. Once the
device has been found, the participant accessefehe
transfer protocol from the list of available seesc
displayed by the PC’s Bluetooth control panel. The
Bluetooth device connection protocol enforced a
security step not included in the other techniques;
measured this time separately and subtracted b fro

the SIP phone, observes a phone number displayed onthe analysis.

the PC screen, and keys the phone number into the

Bluetooth from PDA to PC: As Bluetooth from

phone. The phone connects to the PC. For Expt.l , a PC to PDA, but controlled from the PDA.

web browser opens on the PC, with the URL pointing
to the home pages of the web server in the phame; f
Expt. 2, a pop-up dialog box appears and the usst m
select web browser from the menu, after which the
browser opens as for the first trial. Users nelés
the “phonebook” link and the test ends. For
implementation details, see “dial-a-display” in.[1]

SIP phone, RFID: The participant picks up the
SIP phone, now with an attached RFID tag provided
by the experimenter, and places it over an RFldeea
attached to the PC. The augmenting computer calls
the mobile phone and the participant answers. The
remaining interaction is as described for “SIP pghon
user dialed”. For implementation details, see fcke
display” in [1].

Manual |IP address entry: The participant
browses the phone menus to display the phone's |
address. Then they open a web browser on the BC an

key in the IP address in the web browser's address

field. When the phone's web server responds, they
navigate using the “phonebook” link.

PDA Docking: The participant picks up the PDA
and places it in the docking cradle of the PC. Pke
puts up a dialog box with 5 entries, the partictpan

Table 1 Results for connection times, tests without

Data Entry Time M easur ements

For the data entry experiment, each of twelve
participants entered three phonebook entries thira@ug
web browser and through the phone's keypad using
multi-tap. The entries included contact name and
phone number, they were 24, 25, and 34 charaaters i
length. Entry errors had to be corrected during th
trials.

Results

Expt 1. For the tests without application selection,
connection time varied significantly with connectio

p technique:F33; = 22.6, p <0.0001. Post hoc tests

(Fisher’'s PLSD) show that every pair wise compariso
was significant (p <0.05 ) or nearly significant
(p=0.077), except the two SIP phone methods (dial vs.
RFID) (p = 0.45). The results for each technique are
summarized in Table 1 and Figure 1.

application selection.

Averages over 12 subjects, in seconds.

Technique Mean Std Dev Std Error Median
Phone Menu Browsing 14 8 2 11
Manual IP 54 24 7 51

SIP Phone user-dial 28 8 2 26
SIP Phone, RFID 24 4 1 24
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Figure 1: Mean time to access phonebook for diftere nt connection methods; std. dev. as “I” bars.

Expt 2. Connection technique again had a phone) connection times given that the user h&gyo

significant influence on completion tintg, -7 = 9.34, in the phone number. As Table 2 shows, the system
p <0.0001. Among the pair wise comparisons, a delays, the total time it takes the hardware, ndtwo
notable result was the lack of a statistical défere and software to recognize the device attachment and

between the two Bluetooth techniques: it did not launch a user interface, (first column) are a digait
matter if the connection was initiated on the PC or fraction of the total time: these techniques haast f
handheld device. The results for these tests are human interaction times but slower system time.
summarized in Table 2 and illustrated in Figure 2.

One perhaps surprising result is the similarity of
the wired (docking and USB) and wireless (SIP

Table 2 Connection times for different technologies when users must also select an application.

Column labeled "sys. delay" includes only computer and network operations.

System delay
Technique (seconds) Total connection time (seconds)

Mean Mean Std Dev Std Error Median
Phone, dial 11 34 5 1 34
Phone, RFID 10 25 3 1 26
Docking 26 30 5 1 29
USB Disk 5 25 7 2 25
Bluetooth from PC 25 46 38 11 37
BlueTooth from iPAQ 9 52 15 4 49
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ime for application selection, for different

connection techniques. System delays from Table 2.

Expt 3. With the phone's multitap keypad, our
users averaged 3.5 sec/character;
keyboard 1.0 sec/character. Data entry time varied
significantly between the two methods: F1,11 = 430,
p <0.0001. The text entry tasks showed that tettyen

on the computerbased

browser is quite a long process. However, the SIP-
technique requires installing special
opportunistic augmentation software on the PC. sThu
these results are interesting only for evaluatihg t

potential for practical opportunistic augmentation

was three times faster (in char/sec) on a standard systems.

keyboard in web form than on the phone keypad,
which is consistent with other studies of text gifif].
Participants complained about the user interfachef
phone, which was found slow (did not register key
presses if users were too fast) and misleading (the
back button did not take them to the previous stiep
the entry but to the beginning). Thus our resoits
slightly favor the PC keyboard entry over the phone

entry.
Discussion

We have applied conventional HCI techniques to
study humans connecting two co-located computers
for an unconventional purpose, the augmentation of
the mobile device with large peripherals from the
other computer.

Opportunistic Augmentation M odel

From Expt. 1 (Fig. 1) we can see that for the
narrow problem of entering phone book data, our SIP
based connection techniques are significantly faste
and less variable than manually entering the plsone’
IP address in a web browser. This is not surprisihg
course: finding the phone’s IP address by using its
setup menus then typing the address into a web

When will opportunistic augmentation be
advantageous? Based on data collected in our
experiment and from the text entry literature [8],
proposed more general performance trade-off model
follows. Using T _c for the technique's intrinsic
connection time, H_c for the human interaction time
required by the technique, C for characters reduie
the task and E for the time required to enter a
character:

Totaltime =T _c + H_c + C*E;

From our data for a mobile device without
augmentation, T_c is zero, H_c is 11 seconds aad th
char entry time is 3.5 sec/char; For an augmented
device, using application selection, (T_c + H_c) is
about 30 seconds, but the text entry needs 1 sec/ch
According to the model, to enter 8 characters, e&x us
with only a mobile device using multi-tap takes 39
seconds; a user with an augmented device takes 38
seconds. For more characters, augmentation benefits
users.

Note that task completion time is a composite
performance measure reflecting not only time per se
but also the level of difficulty, frustration, one user
experience in general. Our result may be somewhat
optimistic: the commercial IP phone used in thiggt
was not designed for easy text entry, we testeg onl
one specific (but relatively short) input task, ahé
PC was ready for augmentation. On the other hand,



our measured text entry on the keyboard is slokaen t sufficient? Would a single method be better than a
other studies, probably because the text was ehtere collection of methods with different trade-offs?

into several boxes in a form, not just typed. ket Assume dynamically discovered phone-computer

the balance we see our results as encouraging. augmentation is preferred. How fast of a connedson
fast enough? How fast can the connection be made,

Connection Time Comparisons both technically and considering the human intexfac

Would a sub-second connection encourage application
From Expt. #2 (Fig. 2) we see that the average of augmentation?

connection times are similar, although the Bludioot HCl is not commonly applied to mobile
methods being somewhat slower. For the phone networking. Why? Are there other kinds of HCI
connections, using RFID saved about 10 seconds, questions in the mobile computing space that we
amounting to the time it takes to dial the phonee T  should be studying?
RFID interaction was not as instantaneous as one How to build into various connection methods the
imagines: users still need time to navigate topihene most apparent affordances so the users could
book using the web browser. Surprisingly dockingwa  intuitively see what devices can and should be
not significantly faster than the other methodsgrev ~ connected? If we use network discovery, how do we
though it amounts to setting the mobile device down minimize the mystery and uncertainty in teaming up
The reason is clear: the technique has a long deday devices? Infrared connections have been build into
the PC recognizes the device and takes action to computers and printers for long period time, buivho
connect it (system delay). USB was the opposiseca frequently are they used and why? In other words,
with low system time, but surprisingly long human Wwhat other factors beyond connection time impact
interaction time. We surmise that the USB conmecto human factors involved in device connections?
is time consuming to orient and align correctlyheT
large standard deviation on the Bluetooth Conclusions
measurements points to another value of the work in
Scott et al. [4]. They accelerate Bluetooth with a We measured the time to connect a mobile device
physical discovery mechanism; in addition to being to a PC using a number of common methods and two
faster the technique should have lower variation, new ones that we believe is especially useful for

giving users more confidence in the technique. phones with IP support and large internal storage.
new SlP-based techniques were competitive with
| ssues Raised conventional methods. Our results show that usamns c

benefit from the extra step in opportunistic

We view our contribution as a starting point for augmentation if more than very brief text entry is
future work. Some of the questions that it raises needed. More broadly we point to the value of
include: guantitative HCI techniques in assessing device

When is co-located computer networking connection techniques and to the potential for much
uniquely valuable? Only for augmentation? Would it faster connection technologies.
be helpful for data sharing between two users?
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