Mobile Phones, Refrigerators, Bar
Code Readers, Cameras, The Web and
People

Samuli Pekkola, Yu Y ou, Mike Robinson
samul i @c.jyu.fi, yuyou@c.jyu.fi, mke@s.jyu.fi
Department of Computer Science and Information Systems
Univergty of Jyvéskyla
P.O. Box 35 (MaE), 40351 Jyvaskyld, FINLAND

Abstract:

The paper examines awareness of other people in a context of mobility,
consumer electronics, and World Wide Web. We approach the topic by
presenting an existing demo system, and extra CSCW components that need to
be added. An imaginative usage example is also presented. Because standard
systems are designed on a Web (single viewpoint) model, difficulties will appear
for multiple simultaneous users. These suggest issues for further discussions.
Our main contribution is to open new doors to the fields of co-operative
buildings and ubiquitous computers, and present issues for discussions to be
considered when designing and implementing future systems.
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1. Introduction

The mgor issue of distributed co-operation and interaction is the maintenance of Stuation
awareness (SA) between participants, when changes taking place in one location affect the
activitiesin another. SA can be roughly divided into two elements: workspace awareness (WA)
and user awareness (UA). Workspace awareness means understanding of other people's
actions on artefacts and tasks within a shared workspace (Gutwin & Greenberg 1997), while
user awareness is information about who is around, whether they are available, and what they
are doing. In general, awareness information supports group consciousness by keeping
everyone adequately informed (Chen & Gaines 1997).

Workspace awareness involves knowledge about the tasks and activities that other
users perform in aworkspace. This knowledge isintermediate to observing users through
changes in the states of artefacts that they need to understand. Thisis smilar to Robinson's
“Double-level-language’ (1991). There are two layers of action in group work; actions upon
artefacts/documents while smultaneoudy using spoken language to point out and discussissues
arisng from those objects. In everyday life, when co-operating using physical objects, sensed
communication through changes to artefacts is often as important as direct communication (Dix
1996) even more important in specid Stuations where opportunities for direct communication
are not offered.

Since Situation awareness conssts of these two eements, user awareness should not be
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ignored in design. The importance of background awareness of other people and their actions
has been widely noted in CSCW (e.g. (Heath & Luff 1991, Hesth et d. 1993, Goodwin &
Goodwin 1996)). In addition to awareness of objects and other people, conversationa support
is necessary. By this we mean questions like "did they hear me, understand me, believe me"
(Clark & Brennan 1991) are essentid for shared workspaces and repairing dialogues (Bannon
& Schmidt 1991, Suchman 1983).

In the next sections, we will ook at Stuation awareness in the specific context of
networked home environments. A humorous example is presented to highlight both the potentia
and immanent problems of such asystem, aswdl asto show it's complexity. Instead of
focussng in technology and how the system could implemented, we concentrate on human
issues and problems arising from the use of the systlem. Findly we will present a set of issueto
consder when designing such systems.

2. Technology

“Ding!

Excuse me. That's my e-mail bell. Let me cal it up.

To: kmaney @usatoday.com

Message: My ice maker is jammed.

From: refrigerator@yourhouse.nom

Ahem. I'm not sure what thisis about. Let me send areply.

Reply: Yeah, right. Who isthisredly?

Ding!
The e-mail again. Pardon me.

Message: It redlly isyour refrigerator, sir. My ice maker isjammed. Please attend to it at
your earliest convenience.

Reply: C'mon, who's doing this? Is this Tony in systems? If you're really Mr. Refrigerator,
what'sin my cold cut drawer, buddy?

Ding!

Message: Olive loaf, sir. According to my interna bar-code scanner, the olive loaf in your
cold cut drawer is exactly 21 days past the expiration date. Perhaps you should purchase a
new package. Would you like me to place an electronic order with NetGrocer? ...”.

(Maney 1998).



The stuation imagined by Maney could be everyday life in the near future. Technology to
accomplish such actions is not commercidly available yet, but will be soon. For example, ICL
and Electrolux (ICL 1999, Kahney 1999) have developed arefrigerator that includes atouch
screen and bar-code reader built into the door, a PC running Microsoft Windows 95, and an
externd Ethernet connection. In principle, excluding the artificid intelligence, their demo system
could run Maney’ s scenario.

However, the ICL-Electrolux demo is a single user system. Thereis no support for
multiple users [ even if the devices are used by severa people. Y ou can check what isin the
refrigerator via Ethernet connection, but there is no means to ask whether your family needs
something even if they are ganding next to the fridge. Y ou have to use traditiona separate
technology (e.g. email, mobile phone). In other words, workspace avareness is only haf-
provided and conversationa support not provided at dl. To provide awareness information
about other people and tools to human communication, the system needs to be expanded.
Figure 1 illugtrates | CL-Electrolux system extended with awareness and communication tools.
The video camera (another refrigerator model by Electrolux includes such afeature) provides
awareness information about any person accessing the fridge, audio tools dlow communication
between different parties, screens can display different messages, and a mobile phone allows
content checks regardless of location. A standard WWW browser is ableto retrieve
information about the content of the refrigerator, but does not provide any tools to communicate
with other fridge users, either itsdf, or through a mobile. Therefore, another Web enhancement
tool, eg. CRACK! PeopleAwarenessEngine (Robinson & Pekkola 1999, You & Pekkola
2000) is needed to dlow users to be aware of each other and provide text or audio
communication.
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Figure 1. System ar chitecture which combines mobile phones, refrigerator s, bar
codereaders, cameras, the Web and people.




The full sysemillugtrated in the Figure 1 supports Situation awareness by combining dl these
tools. The most important is probably the bar code reader, which is essentiad to keep the
refrigerator content up-to date. Appropriate usage requires that every item either put in or taken
out of the refrigerator is identified. All other tools are needed to support different levels of
awareness. A person next to the refrigerator is able to examine the usage of the system (i.e. user
awareness) from the screen and the content of the refrigerator either from the screen, or smply
by opening the door (workspace awareness). People usng WWW browsers retrieve
information about the content of the refrigerator (WA) on their screens, while video cameraand
touch sensors provide information whether the refrigerator’ s door is open, and who might be
there (UA). Due to limited bandwidth, mobile users are in the wordt position, sSince they receive
only limited Stuation awvareness, information about content (WA) and an indicator whether the
door is open.

The techniques discussed support some aspects of Stuation awareness, but lack the
second level of Double-leve-language (Robinson 1991). People are aware of others using the
system, but there are no tools for communication or pointing out groceries (e.g. for the benefit
of someone standing next to the refrigerator). For this reason, audio tools (i.e. microphones and
speakers) have been included. Conversationa support is provided through synchronous media
(audio and video) that alows parties to get immediate feedback on their actions.

To illugtrate the usage of the system more precisaly, let us describe a short example.
Steve is standing by the fridge to put a bottle of milk in there. He uses the bar code reader to
keep the refrigerator content up-to-date, and sees the changes in the content on the screen.
From the screen, Steve dso notices that Alice, hiswife, is checking the content of the fridge on
the WWW browser to be able to decide what new items should be bought. Thus Steveis
aware of Alice, but Aliceis symmetricaly aware of Steve's presence and identity (because of
the video camera), so they decide to open up an audio link and discuss the dinner menu. They
finish the conversation and Alice heads to the shop. Meanwhile Steve redlises he would like to
get some ice cream, which they do not have, and which they did not agree to buy, so he uses
the audio tool next to fridge to call Alice s mohile phone. Alice agrees about the ice cream.
Later on, while shopping, Alice is unsure about the shopping list, SO she uses her mobile to
check the content of the fridge again. She notices that the fridge door is open, and has to ask
the person who they are. (because of bandwidth limitations, identity via video image is excluded
from mobiles) She discovers their son John has the fridge open to make a sandwich. John
requests Alice to bring more bread, which Alice agrees and reminds him no to eat too much
because the dinner will be coming soon.

The scenario illugtrated a red-time usage of the system. However, it would dso be
possible to store the shopping list in the system as akind of organisationd (i.e. family) memory
to avoid a number of re-checks. Allowing both input and output interfaces (e.g. atouch screen)
could do this.

In the scenario, co-operation and interaction follow straightforward decision processes
where two participants are involved. The participants co-operate to find solutions, which
satisfies both (i.e. the menu for the dinner, and full refrigerator). As stated earlier in this paper,
the mgjor issues of distributed co-operation and interaction are the maintenance of situation
awareness and conversationd support. Steve and Alice are both aware of each other and the
content of the refrigerator, and able to negotiate about the items via severa different technical
media Aliceisaware of changes taking place by the fridge (John and the sandwich) so she
could change her plans and bring more bread as requested.



In principle, the system combines saverd different tools and communication mediato
provide a universal system and ubiquitous environment. Other researchers have examined the
topic from different points of view. For example, Junestrand and Tollmar (1999) investigated
the integration of video into adomestic environment, but their system did not support groceries
or other physica objects. Koleva et d. (2000) examined the boundary between red and virtua
worlds', but again, their gpproach was more towards humans than physica objects. On the
other hand, Konomi et d. (1999) approached physica objects by usng them asadigita
information carrier. The identification of the objects was based on their weight, which is very
accurate measurement since they used keys and eyeglasses. Smilar kinds of identification
method cannot be used for groceries, since their weights are variable, and diminish (as they are
eaten.)

Systems, which combine multiple media to support human interaction and co-operation
with digital objects are numerous. For example, COWS (Mandviwalla & Khan 1999) supports
handling of digita documents and some indirect interaction around them. The DIVA system
(Berlage & Sohlenkamp 1999) supports document handling and human communication while
the VIVA system (Pekkola et . 2000) concentrates on real-time human interaction and
adaptivity to other platforms, but again, smilar to COWS and DIV A, physicd objects are
excluded.

There are very few studies of which combine physica objects with computers and a
group of people. Robinson and Pekkola (1999) have discussed the problems of combining
numerous pieces of equipment in the context of multimedia dassrooms. They identified issues
such as wiring the equipment, and difficulties of adding to or replacing them. Sheer physicd Size,
and digitd redtrictions on connections and configuration, to mention two. However, their work
is based on one location with limited classroom context, so there will be many other issuesto
congder in the context of ubiquitous computers in the domestic environment.

In the next chapter we will discuss some potentia and immanent problems from a
Stuationa awareness point of view.

3. Issuesto consider when designing ubiquitous system

Combining different tools, and adding technica support for multiple users, leaves many
chdlenging questions in need of answers. For example:

Synchronicity and remote access. Synchronising actions taken in different locations will
produce problems; e.g. technicdly if Steve isusing the bar code reader while Alice
queries shopping need viamobile. eg. socidly, Alice is shopping while Steveis
compiling a shopping list. Situation awareness (both user and workspace awvareness)
and its maintenance (database management) are key issues to be resolved.

Attract attention. To manage the Stuation above, it is essentid to attract the other
person’s attention, to be able to inform them what oneis doing, and to know that the

' It can be said that both digita information and means to support human communication
form avirtua space. The boundary between red and virtua worlds can be supported in many
ways, e.g. providing bar code readers and computer screens to capture and represent
information.



other knows (i.e. to provide conversationd support). This can be done e.g. by using a
video camera and a screen, or by using flashing lights and audio, which can adso draw
anybody’ s atention if they are near the refrigerator (Smilar to telephone call).

User interface. A wired fridge requires every item pass by the bar code reader every
time they are put in or taken out of the fridge. However, thisis in addition to habitud
everyday activity. It means the bar code reader will probably not be used, or worse,
partidly used. Alternative techniques are few. Items are usudly stored for variable and
relaively short periods, and packaging thrown away when empty, so neither can be used
asreliable indicators. Other metrics such as weight or Size of the package cannot be
used for obvious reason. Other dternatives could be image recognition or factory
inserted magnetic stripes.

Heterogeneous equipment and networks. Since different terminas have different
capacities to operate as well as varying network requirements, interoperability will be an
issue. For ingtance, mobile phones use two different channds to communicate with base
gations, one for continuous transmission (i.e. for audio) and one for occasona control
and text messages. This crestes a problem since maintaining situation awareness and
communicating through it are continuous, in ways mobile phones are not designed to ded
with.

Automated actions. In Maney’s scenario, once the best-before-date was passed, the
refrigerator made an automatic order to replace the item. However, this has severa
socid (theitem is not wanted anymore?) and technica, security, and ‘junk-product’
(ensuring no-one else triggers the computer to order unwanted items) issuesto be
considered.

Identifying people. In our example, avideo image of a person at the refrigerator was sent
to other people. However, this requires alot of bandwidth and powerful terminds, so
the use of more economica techniques such asimage-recognition or fingerprints could
be considered.

Other eguipment and domestic items. Usudly, when buying items for the fridge, other
groceries (bread, coffee, etc.) are bought too. The ‘wired’ fridge would soon need
electronic playmates, the ‘wired cupboard’ and the ‘wired breadbin’.

4. Conclusion

In this paper, we have examined awareness of other people in a context of consumer
electronics, mobility, and World Wide Web. We have approached the topic by presenting an
existing demo system, and extra CSCW components that are needed to fully support situation
awareness between co-operating participants. This addition of componentsis not as easy asit
may sound like. Because standard systems are designed on a Web model, where only one user
is present at once, difficulties will gppear for multiple smultaneous users. If those difficulties are
ingpected purely from the technica perspective, they actudly do not exist, because all
technologies mentioned are aready used widdy, but independently, not combined as awhole.
However, because the maintenance of Situation awareness between participantsis essentia for
effective distributed co-operation and interaction, every equipments must communicate with
others as trangparently to users as possible. Aswe have illustrated, the maintenance of Stuation
awareness requires sSmooth co-operation between different applications, thus technica issues



aise agan. Asasummary, we have crested an initid list of issuesto consider and for further
discusson when designing systems for ubiquitous computing. We hope this influences other
researchers to investigate the combinations of domestic artefacts, like refrigerators, the Web,
and mobile phones in more detall.
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