Report from Ubicomp01 Workshop:  Evaluation Methodologies for Ubiquitous Computing

.  

Interactive systems, and in particular, ubiquitous computing pose complex evaluation methodologies.  Because ubiquitous computing brings together a number of research communities, we need to ensure that all levels of ubiquitous systems are evaluated with the end result being a user-centered evaluation.  We need to agree upon the dimensions for evaluation, metrics that are useful for researchers and meaningful from the end-user perspective.  Evaluation methodologies, including analysis tools, reference criteria, and data capture methods, will most certainly be needed.   The goal of this workshop was to identify possible evaluation methodologies and metrics and to identify needs within the evaluation community.  The position papers highlighted the range of perspectives that can be evaluated, from measuring network performance to the impact on users.  Each level involves different kinds of data collection and evaluation methodologies.  The challenge is in relating these perspectives into a coherent evaluation program.

Workshop participants formulated the beginning of a framework for evaluation.  This framework is by no means complete, but should serve to illustrate the dimensions the participants felt were those that pertained to ubiquitous computing, namely universality, utility, usability, and ubiquity.  For each dimension we included a brief description and several relevant metrics.  As these dimensions and metrics are valid for interactive systems in general, we then listed the new challenges in the evaluation of ubiquitous computing systems.  Finally, we listed needs for tools or methodologies to facilitate evaluation.   In the following paragraphs we briefly discuss the dimensions proposed by the workshop participants.  .  

Universality

Universality refers to the domain of the application, “who” the users are.  Ubiquitous computing applications broaden this domain to include a variety of users in many different settings.  This adds new and unexplored use cases, where the workload, metrics, and stress points of such systems are not currently identified.  We need new prototyping tools to more quickly and thoroughly explore these different domains to create these evaluation data points.

Utility

Utility is the benefit to the users.  Ubiquitous computing extends technology’s benefits to a variety of situations and activities.  Beneficial applications must provide appropriate, situated interactions.  Understanding the impact of applications involves understanding the effects of the technology on all of the surrounding activities.  This means more than just the user’s interactions must be recorded; their overall activities must be captured as well.  This pushes on tools to evaluate activities in context, not just interactions.

Usability

Usability involves the amount of effort required for the gain in utility.  There are many established usability metrics that apply to ubiquitous technologies as well, such as robustness, predictability, and obtrusiveness.  The challenge, again, is that the interactions are more task-specific and varied.  How do we capture user’s intent in such situations?  Tools are needed to record and visualize all of the different streams of information surrounding a user.

Ubiquity

Ubiquity involves the points of delivery in the physical world, the “where” and “when” the technology exists. In the world of desktop computing, the system either works or it doesn’t.  In ubiquitous computing rooms, homes, cars, and offices will have to function even under degraded conditions.  This must be considered in evaluation efforts.   Important metrics here are graceful degradation, as different locations will have different capabilities or connectedness.  There are a large set of degraded operating modes which we need some way of simulating so that user-centered evaluations can be conducted under a number of conditions. 

This workshop was an early step towards forming a more comprehensive evaluation program for ubiquitous computing.  Please visit the web site, http://www.nist.gov/ubicomp01, to view the details of the workshop, for notices of future activities, and to contribute to this ongoing discussion.

	Axis
	What’s new for ubicomp?
	Challenge for evluation?
	Tools needed

	Universality

Def. For who and applicable domain

Metrics: 

· Personal Info

· Training
	New Class of Users – non desktop
	New uses cases – workload, metrics, stress points aren’t identified

No reference points
	Recommendations for metrics for various use cases

New prototyping tools

	Utility 

Def.  Benefit to users Metrics:

· Inferencing
	Situated interactions

Physcial interactions
	Frame problem – what data do we need to capture, how can that data be captured

Evaluation technologies for system in use.  

Multimodal I/O 
	Simulations for devices

Personal event capture

	Usability

Def.  – effort/ utility unit

Metrics:  
· Configuration

· Predictability

· Distraction

· Mixed initiative

· Cost of reversing a decision
	Task Appropriate interactions
	How do we capture user intent?

Finer grain attention analysis
	New coding techniques for situational data captured (parallel interactions with other devices, situational information, etc.)

Multiple streams of data need to be visualized

	Ubiquituity

Def.  Points of delivery in physical world (where) and when

Metrics:

· Graceful degradation

· Trust
	Ubiquitous
	Larger set of degraded operating modes
	Simulations for degraded conditions


