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Abstract. In this paper, we argue for a need to shift focus in semantic
search from the items themselves to using them as lenses to wider topics.
A system for doing this in the cultural heritage domain is presented, duplicating on the web the way exhibitions in the real world are organized.
An interface for specifying such exhibitions is presented, combining a
general narrative pattern with semantic autocompletion and the novel
concept of domain-centric view-based search. This also solves a number
of problems view-based search has previously encountered in the cultural
heritage domain. Presented also are multiple visualizations for the exhibition, supporting the user in making sense of the data and in doing
exploratory search.
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Introduction

Traditionally, Internet search has been about finding a document or documents
that answer the question posed by the searcher. Semantic Web search systems
have mostly also held this viewpoint [1], using properties and concepts in domain ontologies to locate search objects annotated with them. For semantically
annotated content analogous to text documents, this works adequately, but for
qualitatively different material, it creates problems. To understand why, one
must take a step back to look at information needs.
The many classifications of information needs [2–7] all agree that there is
a major partition between lookup queries like “For my meal, I need a white
wine with a spicy flavor ” and more general information needs such as “tell me
all about spicy white wines”. The former focuses on selecting, fact finding and
question answering, while the latter deals with the more general objective of
learning and investigation, containing in addition to searching also tasks such
as comparison, interpretation, aggregation, analysis, synthesis and discovery [8].
Depending on domain, at least a significant part (22% [9]), or even the majority
(70% [10], 67% [5]) of enquiries for information relate to these more general
learning instead of spot queries.
Despite this, search research has only recently begun to move to this expanded domain, termed exploratory search [8]. We propose that a major reason
for this is that as long as the information is encoded only inside documents,

learning and investigation searches are adequately catered for by the same functionality as fact finding, i.e. locating all matching documents and then perusing
each for relevant data [6].
For semantically annotated content other than information documents, the
situation is different. Often the useful information is not the object itself, but
the relation between the object and the ontological resources associated with it.
Now, for question answering such as what wine to have with a particular food,
the answer is still a particular object with particular characteristics, and the old
paradigm still works. For the more general type of queries, on the other hand,
typical semantic web object databases fall short, as they contain no singular
exposition about, e.g. “French spirits”.
However, if looked at from another perspective, the data contains ample
information to answer someone wanting to know about French liquors. It is
merely encoded differently, distributed across the multiple object annotations
and ontologies. To pull this information out, one must move the focus from
individual items to the set of objects with particular properties as a whole, and
even further. What one actually wants is to look at the combination of the
domain concepts “French” and “spirits” through the lens of the items.
Actually, if an interface capable of such can be created, the pieced nature of
the information becomes an advantage, as the pieces can be combined to shed
light on a much wider variety of topics than anyone could write an explanatory
article on. This capability is even further enhanced if the database contains
material of multiple different kinds. For example in the cultural heritage domain,
with suitable material, one could learn not only about 19th century Finnish
crafts, 19th century Finnish paintings etc., but actually of the 19th century
Finland as a whole.
Based on this analysis, we argue that to support exploratory search tasks,
Semantic Web application designers need to shift focus from object location to
the creation of structured, domain-centric presentations based on those items.
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Looking at Culture Through Its Products

Luckily for interface designers in the cultural heritage domain, there is already
a real world counterpart for this functionality to take inspiration from. What
is wanted is very similar to how exhibitions in real-world museums function,
presenting a particular temporally, spatially and functionally constrained aspect
of culture through its objects and art. As such parallels are an excellent cue for
understanding the structure of an information presentation, we decided to make
as much use of this as possible when designing the interface for our CultureSampo1 [11] cultural heritage portal.
Our idea is to let users create virtual exhibitions that mimic the way real
museums are organized, containing themed exhibition rooms of items and displays that together, through the objects, tell the story of a particular subject.
1
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Our implemented system combines an exhibition specification interface based on
view-based query constraining with multiple visualizations grouping the items
according to domain facets the user is interested in. In the following, both of
these components will be discussed further in their own chapters.
2.1

Specifying the Desired Exhibition

The CultureSampo portal is aimed at the general public. Therefore, our exhibition generation interface had to be as easy to use and understand as possible,
while still allowing for a wide variety of different presentations to be generated.
To accomplish these goals, we first set the parameters for what kind of exhibition
definitions had to be possible. Analyzing real exhibitions, we created a general
but verbally understandable structural pattern for describing them, on which we
could build our interface. The pattern, with each part optional, is:
Tell me about item type
related by role to domain concept [and ...]
organized by classification+role [and classification+role]”.
While constrained and procedurally structured, this pattern still allows for
a wide range of exhibitions to be specified, from e.g. “Tell me about weapons”
to “Tell me about everything related to 19th century Finland and agriculture,
organized by item type and purpose of use“ and “Tell me about toys manufactured in China, organized by time of manufacture and place of use”. Figure 1
shows this in our actual interface. On the left are the exhibition specification
controls, layed out to directly reflect our narrative structure.
Domain-Centric View-Based Constraining For the selector components
used to fill this pattern, we looked to the recently popularized [12–16] paradigm
of view-based search (also known as faceted browsing) combined with semantic autocompletion [17]. Of these, view based search is based on organizing the
search data into multiple categorizing views and then picking categories as constraints from the views and has already shown good promise for fulfilling learning
type search needs [18].
For our particular needs, the paradigm has a number of user benefits [19].
First, because the collection is visualized along different categorizations, the user
is immediately familiarized with its contents and the way they are organized.
Functionally, the user gets information on what the possible constraints are and
how selecting them will affect the result set. Second, the multiple viewpoints
allow the user to start constraining from the perspective most familiar to them.
Finally, this visualization already intuitively shows the wider context in which
the result set lays, thereby contributing to the users ability to answer questions
of the result set as a whole, and not just of individual item.
In addition to interface benefits, the paradigm fits Semantic Web data well.
The rich metadata in semantic databases is just the sort of multifaceted data
whose exploration the paradigm supports. Also, because the metadata values are

Fig. 1. The CultureSampo user interface, with important elements manually translated
into English. The exhibition specification interface is located on the left, while the
exhibition itself is visualized on the right. Showing is an exhibition on the types of
items Japan exported to Finland in different parts of the 20th century.

resources organized in ontological hierarchies, they provide an excellent basis for
creating usable, well-structured categorizing views.
Traditionally in Semantic Web view-based search systems views have been
formed by selecting a property, such as “place of manufacture”, and enumerating all the values of that property as selections. In the cultural domain, this
has caused problems, as there are typically many content types with differing
properties such as “mentioned place” (poem) and “depicted place” (painting,
photograph) [14]. Fortunately, our move from the objects to the domain concepts presented us with a natural solution, the novel variation of domain-centric
view-based search [20]. Here, the properties are relegated to a secondary role,
and the views were built instead based on the ontological ranges of those properties, i.e. the set of topical domain ontologies. In CultureSampo, we ended up
with nine views: object types, places, times, actors, events, styles, materials,
techniques and museum collections, with attached properties such as place of
manufacture, depicted place and place of birth.
In a prior version [11], we discarded the properties from the user interface
completely, and our views selected all items related in any way to the domain
concepts (e.g. show anything related in any way to Poland). However, without
any reference to the properties, the users were lost as to what a selection did
and why any particular item was included in the result set. In addition, the

expression power of the interface diminished, as one could no longer e.g. search
for items made in Japan but used in Europe.
These problems were solved by two measures. First, in the presentation, for
each item an explanation is included of the property-concept relationships that
places that item in the result set. Second, the properties were brought back to
the views, but in a different form, shown in the place facet of figure 1. Now, a
view consists of two selectors: one for selecting the domain concept and another
for limiting based on the role (property) that the concept has in relation to the
search items. Here, the user is free to search both with and without specifying
a role, actually increasing the expressivity of the view-based search paradigm.
In CultureSampo the views are not all constantly visible. This is because here
they are used as selectors in the context of a larger pattern, which we wanted
to emphasize. Showing many views at once by default would have cluttered the
screen, reducing intuitive grasp of the interface. Instead, by default visible are
two views, one static for constraining by item type, and another for constraining
by a domain concept. The domain view visible in any given moment is selected
from a dropdown menu (shown on the left in figure 4(a)). In addition, powerusers can also bring up further concurrent views.
View-Independent Semantic Autocompletion The multiple views in the
view-based search paradigm make it easy for users to browse their options. However, for users knowing precisely what they want, a shortcut and a single point
of entry is desired. In our system, this is accomplished by a semantic autocompletion [17] component, shown in figure 2.

Fig. 2. The view-independent semantic autocompletion component of the CultureSampo exhibition specification interface.

Here, the user merely types in what they are looking for, and the system
instantly responds with matching keywords to be used as possible constraints.
These are both annotations directly related to the items, as well as matching
selections in any of the facets. If the keyword typed gives sufficient specificity for
the user, it isn’t even necessary to make any further selections, as the query state
is also instantly updated, using the union of the matches as a constraint. This

makes it possible for a user to interact with the system in a more experimenting
way, typing in a keyword that pops into their mind and immediately seeing if
the portal contains any related material, as well as what kind of exhibition it
generates.
These keyword-search derived constraints can also be combined with those
selected from domain views. For further supporting in-between user behaviours,
all the domain views internally support a different form of semantic autocompletion, with the results shown directly in their hierarchical view context. This
functionality is depicted in the place facet of figure 1.
2.2

Visualizing the Exhibition

As the user makes choices constraining the material, also the exhibition view is
updated. Here, our primary association strived for is of a typical museum, with
themed floors and rooms of exhibits, combined with custom presentations.
For the museum room visualization, the same categorizing view structures
used for selection are utilized. The idea is simply to project the items in the
result set onto a two dimensional matrix whose rows and columns are comprised
of a flattened list of concepts in the two domain facets chosen for organization.
This way, each cell in the matrix corresponds to room combining two themes,
such as “18th century agriculture”, followed in one dimension by “19th century
agriculture”, and “18th century hunting” on the other. This matrix is then visualized, either as is for a single-floor museum complex view depicted in figure 1
or row by row, for a more traditional floor and room museum plan, shown in
figure 3. While the latter plan allows us to eliminate empty rooms on a floor by
floor basis thereby optimizing display area, the single-floor view allows one to
also see more large-scale structural changes. In figure 1, for example, one can
see how in 1950-1970 most Japanese-made items that made their way into Finland were toys, but beginning in the 70’s there is an increase in the import of
high-tech products. Both visualizations are scrollable where they do not fit in
the screen at once.
For particular domains, special presentations particularly suited to them are
available [21]. In our current system, these are a timeline visualization for the
time facet and a map visualization for the place facet. These are shown in figure 4.
In both of these visualizations, the second dimension, if specified, is expressed
by marker coloring.

3

System Architecture

A primary design requirement for the CultureSampo exhibition interface was
to allow the user to explore the data in the portal in a highly interactive and
experimenting fashion. To support this, the interface had to be very responsive,
updating all views instantly to match user commands. In our implementation,
this is achieved through a highly optimized view-based search engine combined

Fig. 3. The results organized according to museum floor and room in CultureSampo

(a) map

(b) timeline

Fig. 4. Special presentation visualizations in CultureSampo

with logic that minimizes the amount of data needed to be sent at any time
between the server and the client browser.
Our view-based search engine makes use of existing tools for implementing
efficient indices. The hierarchical view trees are indexed using an interval indexing scheme [22] inside an SQL database. This allows transitive constraints to be
processed using a single SQL index scan. For textual matching, either SQL or
Apache Lucene2 indices are used depending on specific needs. On top of these
indices, there is a custom processing component that gathers all SQL and Lucene
constraints respectively to single executable queries, as well as implements partial query caching for intersection queries. This last functionality is extremely
2
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important for throughput, as an overwhelming majority of queries in view-based
search are those updating hit counts in the views, i.e. intersecting the current
query with potential future constraints.
To further increase responsiveness, there is logic on both the server and in
javascript on the client that minimizes the amount of information that needs
to be sent over the network. For example, the children of a node in a view
tree are only sent to the client on request. However, the server also keeps a
list of nodes that have been sent. This allows their hit counts to be sent in a
single batch without explicit individual querying. It also makes it possible for the
server-side semantic autocompletion component to know if matched tree nodes
are already known by the client or need to be sent along with the text-match
response itself. The information itself is sent as javascript objects, automatically
mapped from JavaBeans with Direct Web Remoting3 . This additionally reduces
the amount of information sent, as all layout of the results is done on the browser.
For this side of the interface, the system makes use of the widget functionality
provided by the Dojo javascript library4 . This allows us to use general and
reusable widgets [23] with attached HTML and CSS templates for the views and
other interface components, instantiated on need as they are brought up.

4

Related Work

Many of the view-based search systems already mentioned [12–16] support exploratory search to some extent. Of these, one in particular needs to be mentioned. The Exhibit system [12] by the Simile project has clearly been designed
with similar explorative search goals in mind and has an interface strikingly
similar to our own, even down to providing map and timeline visualizations.
Relating to our exhibition room visualization, they provide a grouping similar
to our floors plus rooms plans, but not our two-dimensional matrix.
However, there is also a major difference between the two systems, indicative
of the major importance our shift of focus has had. That is, Exhibit still follows
the traditional viewpoint of concentrating only on the search objects themselves.
Being based on traditional view-based search, the system only really supports a
single item type at a time, being susceptible to the problem of view proliferation
as the number of annotation schemas and consequently projected properties
increases. Not utilizing domain-centric view-based search also means that its
grouping and visualization capabilities cannot be used to shed light on domain
concepts — a major idea of our system.
Architecturally, the two systems are quite different. Exhibit exists completely
in javascript on the client side and supports only a few thousand items and simple
flat classifications, being intented as a lightweight solution for casual users to
publish their structured data on the web. Our system on the other hand is
intented for publishing much larger collections and includes optimized interplay
between the client and server to support this.
3
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On the subject of multi-type view-based search in the cultural domain, the
/facet -system [14] utilized in the MultimediaN project [24] also tackles this
problem. Their choice is mostly to simply promote the “item type” facet as a
first choice, as choosing from it drastically reduces the amount of property facets
available. However, this only alleviates the problem, and diminishes the freedom
of the user in starting from the facet most natural to them. Otherwise, the
system also contains a functionality through which complex constraints spanning
multiple types can be formed, allowing one to specify for example a pattern such
as “Find all paintings by artists living in Paris”. While this was deemed too
complex for our needs, in other fields it might supplement our pattern-filling
approach nicely.

5

Conclusions and Future Work

In this paper, we have argued the need for a shift of focus in semantic search from
item location to presentation generation and support for exploratory search. In
particular, we argue that often what is interesting in semantic databases are
not the items themselves, but how they shed light on a theme described by a
particular combination of domain concepts.
For the cultural heritage domain, museum exhibitions offer a suitable parallel
to this idea. We have taken advantage of this in our CultureSampo portal, combining an intuitive, yet expressive exhibition generation interface with different
kinds of exhibition visualizations. On the exhibition generation side, our major contribution is the narrative query pattern for forming exhibitions combined
with the concept of domain-centric view-based search, which allow us to cater
to both searching for items having particular properties, as well as pure domain
exploration.
On the exhibition visualization side, we have created a simple, generalpurpose visualization, as well as complemented it with special purpose visualizations. Even these simple visualizations already give significant support for
a user wanting to make sense of the data. However, here there is still also much
more that could be done. Our next user interface functionality will be to allow
the user to select some rows or columns from the matrix for specific comparison
and study. It may also be possible to aid such comparison work by automatically extracting from the data meaningful differences and similarities between
neighboring exhibition rooms, such as “18th century agricultural items are more
often made of wood than 19th century ones”.
While our current user interface has been created exclusively for the CultureSampo portal, the actual architecture and functionality is very general, modular
and configurable. The interface has also already been tested with alternative
materials. Pursuant to this, we are studying ways to make the application configuration as effortless as possible, in order to provide the functionality we have
over Exhibit also for generic Semantic Web content.

In addition to implementing these new functionalities, we also plan to conduct more thorough understandability and usability tests on this interface, as
compared to competing choices.
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17. Hyvönen, E., Mäkelä, E.: Semantic autocompletion. In: Proceedings of the first
Asia Semantic Web Conference (ASWC 2006), Beijing, Springer-Verlag, New York
(2006)
18. White, R.W., Muresan, G., Marchionini, G.: Evaluating advanced search interfaces using established information-seeking models. Information Processing and
Management (2007) to appear in special issue on Evaluating Exploratory Search
Systems.
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