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"I keep six honest serving men 

                                                                   They taught me all I knew: 
                                                         Their names are What and Why and When 

                                                                And How and Where and Who" 
 

                                                         [Rudyard Kipling, "Just So Stories", 1902] 
 

Abstract  
Wearables are often described with a focus on providing the user with wearable information access and 
communication means. The contextual information retrieval aspect is however an essential feature of such 
systems, as in e.g. the Remembrance Agent [1] where manually entered search-terms are used for 
presenting relevant situational information, or as in different location-based systems [2]. In this position 
paper we outline a general framework of contextually aware wearable systems, and suggest how such 
mechanisms collecting massive traces of the user context may lead to several other interesting uses in what 
we will call consciousness technology. 
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Lessons from the oldest wearable  
Miniaturisation of personal communication appliances makes it possible to construct wearable computers 
characterised by being (in principle) always on, being context sensitive, etc., as described in the wearable 
computer FAQ [3].  
 
Mankind has actually already been using a "wearable computer" for millions of years: The brain. This 
highly effective 'oldest wearable' neural computer is always active and is always trying to present man with 
an understanding of his surroundings based upon his senses. It constantly tries to categorise the chaotic 
deluge of information bits presented to him by his senses in order to transform these into perceptions. Thus 
the brain's inherent pattern matching ability filters the burst of the outside world into a manageable dripping 
of consciousness experience that can be dealt with in real time. 
 
Maybe there is a lesson to learn from this analogy. 

Context 
An important aspect of human behaviour is that of the personal context. This can be defined briefly as 
snapshot of the state of the most important situational parameters: personal identification, time, location, 
task at hand, nearby objects, nearby people, etc. Below is a figure of an example record where these data 
could be gathered as seen from a person-centred point. 



 
Figure 1: Example of person-centred context record 

 
As can be seen, some of the fields are essential ("person", "time", "location"), while others are rather 
arbitrary (e.g. "temperature").  
 
Some fields may be updated automatically, e.g. "time", "temperature", others can be set semi-
automatically, like "location", while some will need manual input, e.g. "text input" (which actually could be 
the user's interaction stream with other devices). The more fields that can be derived automatically, the 
better; e.g. by filling in relevant text input by mechanisms like automatic speech recognition. 
 
Also the context should be extensible, when a user for instance adds a biometric sensor and wants this 
context recorded as well. 
 
Some of the fields of the context record may be derived by looking up other people's records, if they grant 
you access to these or parts of them. An example of this is "people nearby" that can be derived by checking 
out whether other people were present at the same place at the given time. The privacy problems and 
challenges that arise from such kind of mechanisms will not be addressed here. 

Context Matching 
In a given context, we intuitively see which other contexts may be within reach from that context. We may 
e.g. enter a meeting, and our perception of the hushed silence there immediately affords the context of our 
leaving or silently joining. This context matching ability is very essential and may be enhanced by personal 
information appliances. 



 
Figure 2: Using our brain for context matching 

 
In figure 2 the user is situated in a context c1, which he associates with the actual or possible contexts c0, 
c2, and c42. 
 
A long-term goal of the wearable community could be to create a companion system that somehow 
replicates this kind of process, using artificial sensors and contextual displays, so the user may experience 
an enhanced and, ideally, non-obtrusive perception of the world (figure 3). (The system may of course also 
empower the user with additional abilities as well, such as remote seeing and -talking, i.e. video telephony 
and telephone communication, etc.) The user of such technology would ideally perceive the system as 
being an extension of the awareness functionality of his own brain. 

 
Figure 3: Using a wearable for context matching 

Traces in Context Space 
In order to match the user's current context with other contexts, these contexts must be represented like 
trigger rules as described by P.J. Brown in in [4] or, as we suggest: have been recorded in a format suitable 



for matching. Our idea differs with trigger rules in that the system uses the context traces of several users 
simultaneously. We may think of this recording as a continuous logging of a trace in the multidimensional 
context space (figure 4). Each wearable should have a mechanism, a silent logger, that unobtrusively logs 
context records as pearls on a string, and stores them safely for later use [5]. Context logging is also 
identified as an important architecture requirement for context-aware systems by Dey et al in [6]. A context 
trace could be collected over years, comprising a total record of a lifetime of usage, and collected by many 
users simultaneously into a collective database. Such a database would be more useful the more users 
populate it using truly wearable equipment that is able to do the silent logging unobtrusively. 
 
 
The context space is a generalisation of the time-geography ideas of Hägerstrand from 1970 [7], but now 
with a possible technological basis for implementing the data collection and with an awareness purpose. It 
also may be viewed as a very downscaled precursor of the visionary ideas in the Soul Catcher project from 
British Telecom [8].  
 

 
Figure 4: Context trace of four context records in (a 3-dimensional) Context Space 

The Context Timeline 
Ordering the logged context chronologically gives rise to a context timeline. If the silent logging is 
integrated with a time planner, the logging can be seen as the convergence point where possible future 
contexts (e.g. attending two simultaneous interesting events) are collapsing into the recorded past as the 
personal context trace is spun, as shown in figure 5. 

 
Figure 5: Possible future contexts "condensing" into the recorded past context trace 

 
Note that we may now derive different context timelines, based upon the personal context timelines: A 
context timeline for a location; Louvre being populated by all the visitors there, etc. Another is a context 
timeline for a given group of people. Or one may wish to view context space through a view as a map, 
thereby projecting the context traces onto the location axis, showing the contexts spatially. 
 



Using your own Context Trace 
Your own context trace can be queried by personal requests like: 

• When was I here last?  
• What tasks did I do when Odin was last around?  
• What tasks do I usually do when Odin is around?  
• When did I last work with text input "wearables"?  
• Where did I go from this place last time I was here?  
• Where do I usually have fun?  
• Who was in Hague with me?  
• Which objects do I interact with at The Louvre?  

 
Such requests can be translated into queries, where e.g. for the first query the context field "Time" is left 
blank for the query to fill. By keeping some fields constant while releasing other fields, similar context 
records can be found. 
 
The Remembrance Agent would be implemented as a context matching between current and logged "Text 
input". 

Using Context Matching - Querying contexts 
If access to other people's traces is granted, the traces in context space could be used for the following types 
of queries: 

• Who else is writing about "wearables" right now?  
• What do people usually do here?  
• Who should have been here, when we do this task?  
• When do people usually go to lunch here?  
• Where are the nearest people interested in "art"?  
• Which places do people interested in "art" gather?  
• What did Liv, Odin and I do together last year?  

 
Being able to answer such questions will enhance the user's context awareness [9]. We will refer to 
context-aware technology that uses matchings between massively recorded dynamic contextual traces, and 
notices the user of contexts nearby as consciousness technology. In a way consciousness technology 
constitutes a social and situational information filtering parallel to static search motors on the web, and may 
one day prove as useful in a social context provided the critical mass of users is reached. 
 
It can be noted that classic location-based information systems belong to a subclass of such systems.  

 
Figure 6: Sphere of contextual awareness (here with only 3 dimensions for illustration purposes) 

 
The contexts that are closer to your own current context (c4 in figure 6) according to some clustering 
metric where each context field has some predefined "closeness-delta" are assumed to be most relevant for 



the user (cn and cm in figure 6). These can be the user's own earlier context, or the contexts of people being 
simultaneously at the same location. Also, it would probably be a good idea to give some context fields 
more importance/weight than other. For instance the context field "location" is certainly almost always 
more relevant than the context field "temperature".  
 
Having the consciousness technology system present the closest context, may lead to serendipitous 
discovery, where e.g. you suddenly detect the contextual "presence" of somebody else working 
simultaneously on the same task as you, and going to the same meeting tomorrow. 
 
Some of these queries, like those involving social navigation, are much more computation intensive, as 
they are based on statistical data from context traces.   

Communicating in Context 
Teleconversations are hampered by the lack of contextual knowledge of the communicating parties [10]. 
Therefore, the communication should preferably contain a pointer to the respective current context in order 
to improve the communication itself. 

Research challenges 
The concepts mentioned spins several research and design challenges like: 

• What are the minimal core fields to include in the context record?  
• What may be relevant fields to include in a context record?  
• How can the context record be extended with user-defined fields on the fly?  
• What defines the efficient granularity of the context space?  
• How should a global accessible context space database be implemented?  
• What standards should be proposed for traces? (XML?)  
• What are the natural input/output views of context queries and replies? (maps, timelines, iconic 

displays, etc.)  
• How do you visualize context space and your environment?  
• How should the personal traces be kept personal or shared between groups? Who should "own" 

the traces?  
• How should queries be mapped to context attributes, and what happens when a context field is 

released in a query?  
• What efficient cluster analysis and metric should be used for enabling this technology?  

 
In SINTEF we now work on an internal mobile informatics project, LAMA, which will be addressing some 
of these issues through experimental demonstrators. 

Conclusion 
The concept of logging the context trace of the user of a wearable and using mechanisms of contextual 
awareness in this space seems like a fertile view of these systems that ultimately will augment us with 
consciousness technology. It is our hope that the suggested framework will contribute to more focused 
research in this interesting area. 
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