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Effective evaluation aids research progress. Hffeavaluation of user-facing computing systemsiires
metrics determined by analysis of scenarios of Tkerefore our position is thtte critical metrics for
evaluating pervasive systems research should be selected from scenarios based on real problems.

Scenarios are a vital communications tool for pgimeasystems design. However, not all scenariegqually
valuable as a source of metrics. Very often oenados are motivated primarily by new possibifit@eated
by technology. We'll call these inventor-originated‘hammer” scenarios, since we often refer to our
technology as a “hammer looking for a nail.” Retente described an initial framework for semi-quitaiive
analysis of such hammer scenarios[1]. For systeatuation we need scenarios that are driven by real
problems rather than by the technology. These wbeldkalistic scenarios where pervasive computing
technology can or could have unique and signifieahte. In this position paper we characterize [mob
motivated "nail" scenarios, connect these kindsceharios to ones used for evaluation in othersaséa
software, and illustrate by example how they canded to define evaluation metrics for pervasivseys.

Nail Scenarios For Evaluation

Nail scenarios are fundamentally different from Inaen scenarios. A nail-scenario problem exists mes¢orm
at the time the solution is proposed; hammer se@n&ypically speculate on problems of the futwee([4,5]).
The adequacy of a solution to a nail scenario grolbdan be judged by direct comparison to existoigti®ns;
hammer scenarios are invented to illustrate a wolgy, so they should be judged only against plalitsi1].
We import nail scenarios into pervasive computiaglaallenges we may solve; we export hammer seenasi
somewhat fuzzy images of a possible future lifecimmputer users.

Despite these differences, both types of scenadosmunicate technology ideas by relating them to

circumstances people understand. Novel researdoages to both kinds of scenarios can involvedbts
"magic" because the research ideas are creatimgusos of possible future usage. Here we are istedein
going in the opposite direction: driving researcbgoess with measurements extracted from scenarios.

Our nail scenarios are the kinds of scenarios irsedman-computer interaction (HCI) design [6]. Hower, in
HCI design the scenario is used throughout th&rife of one design [7], while we propose to usenadges
across systems at a single point in time. Thikéssense in which scenarios have been used inatioad of
software architecture [8] and in the evaluatioomiddleware (aka infrastructure) [9]. The previousrkv
provides a solid base for application of scenaricssaluation.

Among the key findings of past work we highlightotwrirst there exist cognitive frameworks for origang
and relating scenarios [6,7]. These are somewkethie frameworks used in software architectureyTh
enumerate the issues that need to be consideredx&mple, we need to consider the spectrum oflpeop
involved in scenarios, their division of work andjanizational roles, and we need to consider tlysipal
environment and the objects as they impact thegde3ihese frameworks help us consider the scegasts,
constraints, and interdependence with other saehari

Second, we know from the use of scenarios in etialyigoftware architectures and for evaluating ri@dare
that multiple scenarios are needed. This requirésteould apply to pervasive systems because &létareas
havediffuse value: the more an architecture, middleware, or peneasixsstem can be re-used for related or co-
located problems, the greater its value. Theseskiridechnologies have up-front costs: we needgiga,
develop, deploy, and test systems which may nettir solve a user’s problem. Then we begin to befiem
our investment as more and more applications Igeectiae architecture, middleware, or in our case the
pervasive system. Thus we anticipate creatingte sfiipervasive scenarios.



Scenariosfor Pervasive Systems Evaluation.

The best pervasive computing systems will provigeliest user experience while leveraging the kepates
of pervasive systems [2,3]:

» Ubiquity. A defining characteristic of pervasive systenisquity changes use models by allowing
computing activity to continue in space and time.

» Invisibility. (calmness, unobtrusiveness, embeddedness); comgghbuld aid without itself being the
central subject.

» Physical-virtual connectiorAllowing the user experience to depend upon locatbrientation, the
presence of other people, computers, or objects.

e Heterogeneity with interoperatioRervasive systems mix different kinds of devigeglifferent kinds
of networks.

We propose that evaluation scenarios be constrigtédcusing on the pervasive characteristics ail n
scenarios to go beyond the standard usability oeetfihis will highlight unique features of pervassystems:
improvements in these areas will directly measuogess in our research.

Example: Healthcare Data Access and Entry

To get a concrete sense of the individual methias tould emerge consider a clinic or hospital po@d with
an Electronic Medical Record (EMR) system used églthcare workers to read, enter, and modify rexord
Jakob Bardarm [10] describes a client-server P@d&MR solution in deployment that face many cimajés
and he suggests ways the pervasive computing temfynoan help. The set of scenarios outlined bydBan
are all based on observed problems faced by ubese are excellent candidates for problem-oriengéd
scenarios in pervasive systems. Each aspect edgige systems suggests metrics for progress:

Ubiquity: In the healthcare arena, access to medical recear patients is clearly advantageous, but doctor
and nurses are highly mobile and collaborate omtbee[10]. An important metric for a pervasive hiecére
solution could quantify "availability" of the EMRay as a fraction of the workers space or timequibj
cannot sacrifice patients’ privacy: the availalilheasure must be subject to security constrdifeslical
records are voluminous and include images and sidsaveral different layers of availability, such"aatient-

id only”, "vitals only", "full text", and "full imge" may be needed to usefully characterize ubiquipractice.

Invisibility : Healthcare workers and patients need to commtendigectly, aided by and not obstructed by
computerized records: the technology needs to ggisar" while being a critical aid. This somewhajuaidea
can be broken down in quantitative and semi-quathté ways. The combination of mobility, sharedeand
preservation of privacy conflicts directly with isibility: security requires login/logout, a distiye
obstruction. The overall login time, the degre¢ask interruption caused by login for mobile woskehe
probability of logout failure, the false-accept datse-reject rate of login technologies are jashe of the
metrics this in scenario. Subjective metrics ineladtrusiveness of the computer technology on timesim
interaction, sense of trust engendered by the tdobw for both the worker and patient, robustnessiiure,
and adaptability to changing requirements.

Physical-virtual integratiarEmerging RFID or barcode technologies in healthsattings connect patients,
medicines, or equipment directly to correspondilegteonic counterparts. Some metrics, include emtes for
identification, average and worst case responsestiphysical area coverage, object-type coveragegaality
of the information. Different rooms in a healthcéaeility have different purposes, allowing locatidependent
EMR systems to be evaluated against place-accuspegificity of the dependence, adaptability tondiag
facilities, and so on.



Interoperation: Medical facilities contain manyfdient kinds of electronic equipment, soon to benezted by
digital signaling. Interoperation by its naturesigiational: a pervasive system that facilitatesrimperation of
Internet devices may have little value in one sgtiind help a great deal in another. For quaniati
comparisons we may need to focus on specific aséstassuming that the system allows the intertparia
principle. For example, the connection time forides can be measured under conditions of use[11].

In addition to evaluation metrics based on spegifaperties of pervasive systems, some metrice fosn
combinations of properties. For example, we carsssthe cognitive interference (less invisibilitgused by
various kinds of physical-virtual connection teclugies or caused by mechanisms supporting inteatioer.

Based on past work we expect to create a suiteenfesios related through a framework. In selectcenarios
we need to focus on real problems that would befrefin the primary characteristics of pervasiveteys:
ubiquity, invisibility, physical-virtual connectigrand heterogeneity with interoperation. Likely daiates are
scenarios that involve mobile users who collabownatke people locally, interact with local devices\d employ
mobile or remote devices. Concrete examples woulldidle healthcare data access and entry. The oatobm
this approach would be a set of metrics measuniagrpss in detailed aspects of pervasive systetres. T
individual metrics would combine to show value g2ts in a scenario and the multiple scenarios would
combine to show value for the system.
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