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Abstract

Museums face numerous challenges in the 21st century. Among these are providing access to their collections at all times and in many languages, interpreting the context of their collections, resisting demands from those who created or once owned their collections to return them to their original owners, and engaging the audiences that they reach.  An emerging technical infrastructure of “smart” objects and location aware devices can play a role in enabling museums to succeed in these tasks. If the museum adds geographical coordinates to the description of the objects in its collections, people who are in the vicinity of those locations can be informed about the holdings of the (distant) museum, 24 hrs a day. These people include those from whose cultures the objects were once taken and people visiting as tourists; these two audiences are especially interested in understanding the museum’s collection, because it is relevant to them, literally ‘where they stand’.  Having access to the cultural objects that have been removed from their original contexts can reduce demands that they be repatriated, especially if the museum can engage locals to contribute their knowledge of the objects, and tourists to supply terms in their native language that would help their compatriots find the object. In this way, geo-aware objects could help museum fulfill numerous demands currently being made of them and usher in an extra-institutional dimension to cultural interpretation. This paper examines the requirements for museum success in a geo-aware future. 

Geo-Aware Digital Cultural Heritage

I. Challenges Facing Contemporary Museum

At the start of the 21st century, the authority of established institutions – government, religion, family - is everywhere being challenged. Museums are no exception. For a century or more, they have been respected authorities in interpreting culture, but increasingly the “unassailable voice” (Walch, 1997) is being challenged. Among those with claims to be heard are the people whose cultures created museum works, the people who once used or owned museum works or similar objects, and people who live near where the objects were discovered or created. These may be the same people, or a number of different communities. And each increasingly wants the museum, and the public they serve, to hear their views.

The museum claim to authority rested in part on its ownership of the artifacts and in part on its claim to professional, scientific, objective, knowledge. Today the ownership itself is being challenged as well. Much of what museums hold came to the institution without the uncoerced permission of its previous owners. It may have been seized in war, taken from archaeological digs, or ‘bought’ in transactions tainted by power differentials between the parties. Only a small proportion has been obtained in completely straightforward commercial transactions. In many cases, the objects now are facing demands for repatriation. Some of these demands, such as from indigenous communities, are increasingly being heard and acted upon, as reflected in the history of NAGPRA. (Fine-Dare, 2002) Others are, as yet, not being heeded because they are not strongly supported by the society, but this is subject to changing quiet rapidly as the cases of Nazi war loot
 and trans-border shipment of declared ‘national treasures’ demonstrate
. Even if all the collections of each museum had been obtained without taint, the complete dispersal of objects and specimens from any given place to museums worldwide would pose a challenge for understanding the context from which they were taken. Simply reunited these collected items enabled us to answer research questions, provide public interpretation, and teach in ways that are denied us by their dispersal.
The contemporary museum is expected to be inviting as well as inclusive. Challenges to authority and ownership are related to the perceived decreasing ability of the museum to engage audiences. Groups not raised to respect the museum don’t visit, they don’t look to the museum for interpretation of the unknown, and they don’t think of museums as open to their input. Museums are trying to counter this by encouraging their visitors to speak back, but giving those who visit a voice does not engage their potential audience, only the one they have already reached. 

In the past, museums could rely on culture and the educational system to give its clientele a common template on which to assemble the added meaning provided by museum interpretation of novel artifacts and specimens. The museum contextualized its holdings so that visitors could connect them to their shared cultural knowledge. In the contemporary world much of that assumed common framework of shared cultural; knowledge is not present. Contextualizing objects requires the museum to place them on a new template available to all, on which the collections of other institutions can also be located and which situate the alien museum artifact in the physical and social universe of the potential audience. At the same time, the museum is expected to reach an audience that will never be able to travel to visit it physically, but might come virtually. These people speak many languages, have many different prior experiences and expectations, and have little in common with each other or the museum.

Finally, as publicly funded institutions with a perceived purpose of public education, museums are finding the society is less understanding of why most of its collection is in storage than it was in an age when the museum was seen largely as an institution devoted to research. The museum is expected to make its entire collection available to the public, and is presumed to have the knowledge and resources to describe its entire collection in ways that will reach all and engage them.


How can museums engage everyone, everywhere, with their entire collection and those of other institutions, in context, and give them a meaningful opportunity to interact with the objects, and through objects with each other?

II. The Potential of Location-Aware Computing

Conveniently, location-aware computing, a new confluence of technologies and social services, points to some promising solutions. Location-aware computing links knowledge in databases on the Internet to space on the face of the earth using geo-positioning satellite (GPS) data.  Because this has immense commercial potential (think of easily answering the question of whether there is a good, inexpensive, Italian eatery within walking distance in a strange city), the infrastructures for location-aware computing, first modeled only a few years ago (Chen, 2004), are being constructed very rapidly. And services to take advantage of this potential are being rapidly put in place.

The grid on which all human activity takes place is the face of the earth. The questions, “where am I”?, or more actionably, “what is near me”?, are universal and always present. A service that answers these questions in a selective way of my choice (when I want to know about nearby food, it tells me, and when I want to know about nearby repair shops, it can likewise tell me that), will be valuable to almost any traveler or consumer if they can access it. Therefore, increasingly cell-phones are being deployed with the ability to identify their location either by GPS or by triangulation of receiving stations (indeed are required to be so equipped in the USA).

GPS service covers the entire globe. The objects in museums have been collected from around the world. The one thing they all share is a relevance to a place. Geo-location contextualizes everything in a way that is immediately meaningful both to those who live there and to tourists. Satellites are also delivering images of the surface of the earth that can be reprocessed by map service providers and overlaid with databases showing other human constructed and/or natural (subterranean, ecological, etc.) features.

By re-distributing their collections in virtual item-exhibits across the face of the earth, museums can both share their interpretation of the objects and can give voice to those who live or are visiting a location at which the artifact was created, used, owned in the past. The authority crisis can be overcome by attributing each voice to its author so those who prefer to give credence to the account of a member of the tribe that one used the artifact in its ritual celebrations, over the voice of the museum professional are free to do so (Taylor, 2007). Those who are interested in what the totally uninformed tourist who has just first encountered both the place and the virtual museum object thinks, may study that interpretation knowing its authority as well.

If the museums, libraries, archives and other cultural repositories of the world could repopulate the globe with virtual archeological layers of tangible and intangible cultural records, we could selectively walk through Paris in 1870, or set our receivers to the Australian outback before the British arrived. For regions dense in world history that have long been denuded of important archaeological objects, virtual repatriation provides a politically palatable way of restoring lost heritage to its original owner-culture and of giving visitors a realistic experience of the past (Tolva, 2005).  For more contemporary periods we could interact with records of dance, music, and film as well as with artifacts. And the museum could painlessly share its ownership of the (virtual) object with any number of possibly legitimate “owners”, including other cultural institutions established to collate virtual artifacts in this way (Charlie and Krahn, 2007).

No prior knowledge (or even literacy in the language of the museum) is required to search for cultural content using the “discovery by walking about” mode of retrieval if a geo-position is recorded for a museum object. Being engaged means only not choosing to shut off the “cultural history” input on your geo-location receiver. If museums wished, they could equally easily enable anyone to contribute back to the museum, their personal interpretation of the objects, with attribution. Interestingly, if the museum knows some things about an object, such as the name of a church in which it was displayed, or the type of vegetation on which a specimen in the collection lived, members of the public with very little knowledge can help the museum to acquire a geo-positional code that will then make the object more available to others, including others with specialized knowledge of the place. In other words, lay people (including locals who could otherwise not communicate with the distant museum curators) could roughly locate objects for which the museum does not have good geo-knowledge, and thereby give more specialized professionals the ability to locate them more precisely and add relevant data that becomes known through that process.

From the perspective of this new audience for the museum, “here” instantly contextualizes the content and serves to automatically collocate other objects from dispersed collections. Locational-provenance becomes a dynamic mechanism for organizing the world’s collections around each individual at all times. And even if the museum knows little else about the object, placing it in a geographical context situates the meaning culturally and ecologically.

Needless to say, one of the most attractive features of the proposed virtual display of the museum on the grid of the earth is that it attracts an audience who could never have come to the museum, and who didn’t know of its existence or of the existence of the museum object they have serendipitously encountered. And it makes it possible to display the totality of the museum collection at all times. Even those who are not actually present at the site of the virtual geo-location of the museum object can use geo-positioning tools to visualize the place and objects virtually gathered around it (Opperman, 2006).

It should be evident that elements of this proposal would revolutionize not just the museum, but also the human experience of cultural time and place in exciting ways. But what is required?

III. The Architecture of Location-Aware Cultural Services

As with many other technologies that have historically been of benefit to museums, from the telephone to the Web, location-aware services not only do not have to be invented by museums, they become valuable to museums precisely to the degree that they become ubiquitous for other reasons.  This network-effect means that the more widespread the availability of location-aware services becomes, and the more essential they become in the everyday lives of people, the more value they will have to museums. And, of course, the less expensive they become, the more technically routine their support is and the less museum specific instruction the public will need to use them.

Fortunately, the major elements of a location-aware infrastructure have already been put in place by others. Geo-positioning satellites, for example, cost billions of dollars and already blanket the globe. They were initially funded by the U.S. Defense Department for military reasons before being given civilian roles. More density will be achieved in coming years with many additional, redundant, systems put in place by other countries. The resolution of their accuracy, generally within a few metres, is improving constantly, and commercial services supporting greater precision are falling in cost. 

Receivers are likewise becoming ever smaller and more affordable. A decade ago, GPS receivers were expensive, fairly bulky devices used almost exclusively for by ships and aircraft. Today, cars, cell phones and laptops are fitted with GPS receivers and a dedicated receiver can be had for under $50. Cell phones with GPS receivers will spread rapidly in the next few years; in the United States the government is mandating that phones have geo-positioning capability in order to ensure location-aware 911 (emergency phone) services. The fact that the phones have GPS doesn’t mean that services can be freely built on them (this would require legislation, or a strong competitive value to the phone companies), but it does mean the infrastructure is there. GPS receivers are now small enough, and inexpensive enough, that they have begun to appear in watches (suunto.com/x9i). Further miniaturization will essentially hide the gps receiver altogether.
Digital maps of the entire earth, with roads and street names overlaid on satellite imagery are available free of charge as web services with Ajax accessible functionality from Google and others. Software (Javascript), and access keys, to pinpoint one’s location on those maps, and send and receive locations for other people and objects are likewise completely free. For several years, a variety of free tools also made it possible for the totally non-technical person to build a map mashup (http://www.schmap.com/publish-a-schmap); then Google introduced the MyMaps feature on maps.google.com and overnight everyone became mashup capable. 

Hackers are daily releasing new code to allow friends to find each other in the city (http://www.mologogo.com/), backcountry travelers to report their locations to concerned observers (http://www.anytrack.com/), heritage and tourism organizations to publish historical tours (http://www.communitywalk.com/) and fleet owners to track their employees or parents to keep tabs on their children (TrimTracXS). And the potential services that would create a competitive advantage to those companies that open their GPS capabilities to outside applications have been enabled by open standards and are beginning to emerge. A new generation of open source Web 2.0 technologies (combined with open - API’s) are making geographically based mashups of data sources very popular whether to find nearby sellers of objects on E-Bay, real-estate on the multiple listing service (MLS), or restaurants (with user reviews) on a city tourism site. 

Protocols for communicating geo-positioning data, and narrowcasting it back to those who are tuned to specific locations include GML over RSS and Atom feeds and KML for Google applications.

Business models that support the delivery of flexibly configured subscription services based on geographical location information, which are already succeeding in some markets, could expand. Automobile companies have learned to sell monthly contracts that charge users to receive information that sellers have largely paid already to deliver to them, thus collecting money from both! Advertisers of all sorts are using geo-location to profit from very targeted advertising placement (for example in Google AdSense). Because a consumer who is nearby, and looking, is just short of being a customer, the value of reaching people where they are with information that they seek about retail shops, restaurants or services is extremely high, and we can confidently predict location-aware services will be put in place to capture them.

IV. Making Collections Geo-Aware 

Library, archives or museum collection databases can be configured with the same open-API’s that support AJAX based mashups in many popular applications at no significant expense. Maintaining telecommunications links and paying for the data traffic through servers contributes directly to the mission of cultural institutions to make their holdings accessible. What else is needed?

The most serious problem is that we do not presently have geo-positioning metadata about our collections. Millions, perhaps billions, of objects need to be geo-tagged. However this barrier is not as insurmountable as it sounds because often we have partial information that can be successfully used as an intermediate step to better resolution GPS data, and because assigning geo-tags can be done complete successfully by volunteers, worldwide, who have no cataloging expertise and no on-going relationship with our institutions.

Let us start with the simplest examples, tagging the source of artifacts or specimens that come from a single place. If we have some information in our records, we may be able to locate them correctly in a continent, a country, a region or even a town. With the assistance of authority files built collectively (the basis for which already exist in such tools as the Getty Thesaurus of Place Names, we can translate many geo-graphical names into geo-coordinate boundaries. With the addition of a temporal dimension, so that the London of Samuel Johnson is distinct from today’s London, and geo-graphical concepts such as the Nile River Delta can be given likely shape based on historical data, we can place a large proportion of objects with reasonable accuracy from existing data
. 

Of course we need to distinguish what our geo-referents actually refer to – a place of creation, discovery, ownership, use, subject matter or sighting – and will find that for different cultural objects our data is better on some of these dimensions than others. For books, as an example, we frequently have a concrete geographical location of publication, but it is fairly meaningless data. Less often, we have geo-graphical data about the subject of the book, which will typically be more culturally meaningful. In archives, the place of creation locates the record in its juridical and functional provenance which is crucial for understanding its “subject” (Bearman and Lytle, 1985; Bearman, 1986). For museum artifacts and specimens, we would like to always have geo-graphical data about creation or discovery, though we sometimes lack the detail we wish for. It is noteworthy that but often have significant information about intervening provenance and ownership which in some circumstances is less important but can frequently be revealing, not the least as the current ownership tells us where the object can now be found. The challenges of historical geo-location are considerable (buildings and even towns move from place to place), but they can be modeled in data and the facilities for geo-location we currently have at our disposal make it much easier than previously to place them where they ought to be (Bearman,1989; Liberge and Gerlings, 2008).

But even if we have no information, an image of the object is likely to be recognized by numerous individuals living in the place that it was created or captured, and all we require is for one of them to tell us – “it’s here, where I am”.  It would be nice to have a bit of sophistication in our data collecting interface, so the person identifying an object could tell us “I mean within a foot of where I’m standing”  or “I mean around here – within a few miles in all directions”. It would be nice to know that “I know this because I made/found it”, or “I know this because my culture tells me so”, etc. In addition, it might be good to get some further input from the contributor – “this one is as old as my grandfather, but we still make them now”, or “it’s getting rarer and rarer because the plant which it eats is disappearing”. But even without these sophisticated applications, we could slowly plot the region in which an object was found merely from the scatter of individual locations recorded for it, and in other ways obtain subjective information from the potential informants. Some of the most exciting early application of Web technologies excited us specifically because they could engage average citizens in mapping the migration of butterflies (Monarch Watch) or Kalahari tribesmen in identifying living species represented in our museums (Komen, 1998), using a simple hybrid systems comprised of telephones for reporting and the Web for visualization. Now, because the exact geographical coordinates are being supplied by a satellite communicating with a ubiquitous consumer device like a cell-phone, the individual contributing the data need not know anything about geo-location metadata, indexing or the system.

Most of the information we have about cultural collections cannot be easily explained to potential users. Again, geo-positional metadata (and date) is an exception. We do not even have to develop a search system to provide worldwide, multi-lingual, access, because the user’s position supplies the coordinates that, with the parameters of the location-aware service, filters our content, and integrates it seamlessly with content from thousands of other repositories containing related information worldwide. All we need to do is publish our data on the web in a format that supports mash-ups created by others. For those objects for which date can be provided as well, we can overlay the map of the earth with a four-dimensional virtual reality and collocate cultural objects both in time and in space.

A challenge for the community over the next several decades will be to construct the kind of scholarly historical geo-database that will support representation of places as they have been culturally constructed over time and natural environments as the ecology of the area was in the past (Bearman, 1988). This process can go hand in hand with the population of these times and spaces by artifacts and specimens from museums; indeed by doing so we can substantiate some o the data about human and natural habitation on which these temporal mapping data will be based.

The part of the system we envision here that requires the least investment or involvement by cultural institutions is that which enables the user to receive data, because the geo-positioning infrastructure is wireless, always on, and everywhere present and the commercial opportunities for geo-aware delivery of information will assure us of an application platform. All users will need to do is tune their receivers to get the information they want – and whether it is the location of the nearest pizza restaurant or what could be found where they are currently standing in 1830. Users could subscribe to value added services, when these are created, or use our data and the mapping interfaces for free if we can provide them as open services. If commercial providers did not create an option within their services to be notified of geo-tagged cultural content, tourist boards and school systems would certainly have incentives to create that interface. Although we now routinely use maps, satellite data, and hybrid overlays of these on Google maps and other services, we should not trivialize the problem the cultural heritage community will face in developing culturally appropriate geo-visualization interfaces (Breure et.al., 2008). 

The entire infrastructure is a two-way, interactive, communication system. Geo-metadata can be used to deliver content from the cultural repository to us such as an image of the object to display on our cell-phone monitor, or the sound of a voice narration, or recording of music. But the phone, for instance, can also send the sound of our response the object back to the museum, or the image of the surroundings as they appear today, all geo-tagged and time stamped.  An exciting feature of seeing the content of many institutions aggregated by a geo-location system is that the fact that the user collated all these different sources can be resupplied to the institutions that hold individual items creating a kind of interactive, instantaneous, union listing.  And these object-to-object relations that are generated by users can be annotated by them, and/or by others, including museum experts.

V. A Four Step Program for Geo-Aware Heritage

The most surprising aspect of the geo-aware heritage opportunity is that even though it will have its greatest payoff over time, when large portions of the collected heritage have been geo-located by many cultural repositories, it can begin instantly, with little investment, and without a need for critical mass to be achieved or other museums to take part. And it will have an immediate impact, because geo-located museum objects can be received by those who are aware of them, as well as by those who have no idea prior to receiving information from them that they exist.

First, museums, libraries and archives need to start to put a representation of the objects or specimens in the collections online with its own unique url.
 Although a non-annotated image is sufficient, the more metadata that is associated with the object and its url, the greater the chance someone will find it and be able to add a geo-location. The architectural significance and implications of this proposal need to be examined more fully and explained to the community much as is being done now in the OpenLibrary community where the same architectural choice has been made.
 In addition, cultural institutions will need to rigorously enforce the 1:1 metadata record principle for the same architectural reasons.

Second, cultural institutions need to invite people to geo-tag these objects. They might simply link their location to the object url, or they might allow the geo-tagger to identify the tag with a specific relations. For example, distinguishing where where the object was made, lived, found, or exhibited. Much interface research and trial will be required to get these contribution services to work.

Third, the institutions need to make all the digital representations of their collections open to the location-aware delivery infrastructure by using open-API’s and geo-syndication standards and promoting value-added cultural and natural heritage information delivery service providers. Since the added requirements of delivering services that permit filtering by temporal dimensions are unlikely to be provided by the commercial sphere, the cultural community will need to lead in their development.

Finally, the cultural sector needs to encourage the feedback loop and truly engage its potential audiences by publishing attributed user comments thus giving a role in cultural documentation and interpretation to those outside the museum. It is crucial for us to appreciate that the knowledge others have of our collections is not only sometimes different from our own, but often superior to our knowledge and occasionally, its only possible source. (Greenhorn, 2005)

VI.  Collected culture, online and richly interpenetrating reality

The virtues of geo-location and temporal-location are that they offer precision, simplicity and universality. Any object may be virtually re-located exactly where it was created or discovered, owned, used, sold, etc. though some of these actions will have been performed at one spot and others over a larger, but still precisely identifiable, area. Similarly any object can be virtually re-placed in history exactly when it was acted upon, though again these actions may have occurred over time, indeed over millennia in some cases. The time-space axis provides a skeletal grid with concrete dimensions on which to situate the objects in our museums collections, and by so doing to contextualize them, albeit thinly.

Rich contextualization will require us to move beyond the identification and situation of objects (and the assignment of unique object urls) to the identification of more complex cultural entities. For example, we need to identify and be able to link human collectivities (linguistic groups, tribes, and villages; religious, kin and business associations; trade routes, expeditions, corporations, and fraternal associations) to objects in order to assign objects otherwise unassociated to each other the provenance that gives them cultural meaning. We need to be able to link them also to ideas, beliefs and cultural significations that have no physical manifestations at all.

Two additional dimension will provide this rich documentary context. The first is to name the action by which humans make objects and specimens cultural objects and cultural specimens. These actions are, for example, creating and discovering, collecting, buying and selling, cleaning, preserving, labeling and displaying. Each of these actions takes place at an historical time and place, and can thus be independently situated on the time-space grid for each object, providing a kind of cultural trajectory that gives the object its meaning and history.

The second dimension is the association of the object with nouns. Proper nouns – people, places, groups, buildings, ships –  name the actors and their human situations and answer questions about who provided the context for understanding a collection object. Common nouns tell us what the object is, is made of, or its species. They may tell us generally where something lived (forest), was created (volcano), was used (at sea), or was kept (desk). Proper nouns are highly specific and locate the objects as precisely as do the time-space coordinates, while common nouns are loose associations linking us to many other objects that have some shared characteristic but may otherwise have no contextual linkages. While the same person or place may have many different names, all refer to it specifically and there are many sources to which we may refer to identify all these names and make the specific linkage to context that they imply. 

Rich contexts will be populated by human agents and actions, which can be ‘mined’ relatively easily from museum metadata and narratives because they are marked by Capitalization in one case and by data names or categories in the other. With these four dimensions, time, space, action and actors we can answer most of the basic questions that make up a dialogue about the world – where, when, who, what, how? This leaves only the subjective and interpretive question, “why?”,  which the curators, members of the creating culture, past owners, or visitors at the site that the object has been geo-located, can each answer in their own way. This is, of course, the reason we engage in delivering representation of our collections objects – so that as many people as possible may interact with them, situate them on a shared grid of knowledge, and then respond to them in their own way.
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� Nazi Era Provenance Internet Portal  � HYPERLINK "http://www.nepip.org/public/info/about.cfm?menu_type=info" ��http://www.nepip.org/public/info/about.cfm?menu_type=info�


� Getty Museum returning treasures to Italy and Greece, see http://news.bbc.co.uk/1/hi/entertainment/6927110.stm; http://www.cbc.ca/arts/story/2006/05/17/getty-greece.html.


� We will need to move beyond place names however, to include named places – text strings naming places in general ways and by associations with evnts, just as we will need to move from time periods to named times which similar reference temporal spaces by colloquially understood terms that are not their “proper names”.


� The Electronic Cultural Atlas Project has begun some of the collective work that will be required to construct a rich historically sensitive knowledge-base of named places and place names with temporal associations, see http://www.ecai.org/


� While giving every object in museum collections worldwide (c.5B) a unique url is a bigger undertaking than assigning a unique url to every published book (c.50M) as will soon be completed through the OpenLibrary project (� HYPERLINK "http://demo.openlibrary.org" ��http://demo.openlibrary.org�) or every living species (c.1.8M) as is being done in the Encyclopedia of Life (� HYPERLINK "http://www.eol.org/" ��http://www.eol.org/�), the rationale of making the content accessible and available for commentary and use is the same. Fortunately, each museum has a manageable subset of the huge worldwide collection and (theoretically at least) maintains existing unique ids for each object in its care, and could therefore create urls that were unique with a relatively small effort.


� See http://www.openlibrary.org/


� see: www.dublincore.org/groups/tools/dctools2006/2MetadataGlossary.pdf








