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ABSTRACT
On-line search requests of cultural heritage (CH) material are often
very short and mainly focused on names and dates,while the data
provides much more detail and is highly structured, based on clas-
sification systems and ontologies. Apparently, typical users make
no use of the available information and structure. Expert users such
as museum curators have extensive knowledge of the objects in the
collection and the classification systems used to describe them, and
have complex information needs. In this paper we investigate the
impact of exploiting the metadata structure on retrieval effective-
ness of complex queries. Our findings are that 1) expert queries
require little smoothing as all terms are important for identifying
the right objects, 2) the field structure of CH descriptions can help
improve early precision, 3) combining free-text retrieval and struc-
tured Boolean retrieval leads to significant improvements on both
approaches alone. Finally, from analysing the questions send to a
museum, we find that non-experts have more complex information
needs than what search logs show us, suggesting they can benefit
from systems that exploit structure as well.

Categories and Subject Descriptors: H.3.3 [Information Stor-
age and Retrieval]: Retrieval Models
General Terms: Experimentation, Measurement, Performance
Keywords: Structured queries, Metadata, Cultural heritage

1. INTRODUCTION
The field of Information Retrieval has been showing, for over 50

years, that best-match text retrieval is at least as effective as exact-
match Boolean search [3]. In this light it is remarkable that Boolean
exact match systems are still pervasive in the professional search
systems used in the cultural heritage sector. The only possible ex-
planation is that the Boolean systems are in fact effective for the
typical search requests of the professionals. The apparent standoff
between the proven superiority of best match text search and the
pervasiveness of exact match Boolean search in professional appli-
cations, prompts an in-depth study of expert searchers in the wild.

We look at the impact of the data, the searchers and their search
requests, and simulate the effectiveness of a broad range of sys-
tems. We focus on the domain of cultural heritage (CH), specifi-
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cally on a major fine arts museum, having a typical collection of
structured object descriptions. How does this data differ from stan-
dard text collections? Is the structure helpful for promoting re-
trieval effectiveness? The expert searchers are a group of curators
that are clearly experts on the their domain of expertise, as well
as intimately familiar with the collection and way of description.
differ? Do they issue more complex search request? Can these nat-
urally be cast as fielded or structured queries? Based on the search
requests and known relevant objects, we can simulate a wide range
of systems varying from plain text search to Boolean exact match,
and various combinations. What is the relative effectiveness of ex-
act match and best match search? Do field restrictions help re-
trieval? Can we fruitfully combine exact and best match querying?

Search log analysis of museum web sites often show the same
patterns. Users type very short queries consisting mainly of artist
names [12–14]. Occasionally they search on other aspects like title,
date, object type, and only rarely type more complex queries. This
is in stark contrast with the wealth of detailed information that is
described by cataloguers and indexers in CH institutions.

These object descriptions are highly structured, with informa-
tion about the title, creator, size and material of the object. This
metadata often contains terms from controlled vocabularies to cre-
ate precise descriptions that are, at least in theory, consistent in
terminology, complete and free of errors, so that a search on a par-
ticular object type from a particular period results in a list of all and
only descriptions of the right type of objects from the right period.

Expert users like museum curators have extensive knowledge of
the object collections and the terminology and format of the de-
scriptions, and might have complex information needs. They might
want to exploit their knowledge of the collection when searching
through the object descriptions more efficiently and effectively.

Databases are good for exploiting semantic structure and for re-
trieving sets of exactly matching documents. However, descrip-
tions are often heterogeneous, created using different standards,
even within a single institution. Information is often incomplete
and might contain inconsistent or incorrect keywords and spelling
errors. This might have a significant impact of the effectiveness of
database retrieval and might call for a less strict retrieval approach.
Modern information retrieval systems have been developed to work
well with any type of document representation and deal with incon-
sistency and incompleteness by using a best-matching approach.
Most retrieval systems ignore any available structure and treat the
document text as a bag of words. For CH descriptions consisting of
semantically labelled keywords, the available structure would seem
an important feature for experts to use. This prompts the question:

• Can we exploit the structure of cultural heritage descriptions
to improve retrieval effectiveness of expert queries?

The effectiveness of structural information for information re-



trieval is an old question. The Cranfield experiments were designed
to evaluate different indexing languages, which were based on dif-
ferent classification systems [11].The experiments were conducted
on collections on scientific literature. One of the findings was that
searching on combinations of words was more effective than using
formally defined classifications. Nowadays it is common practice
to simply index all the words in a document. Exploiting the docu-
ment structure has been studied extensively [1, 2, 9], however, most
document collections studied in IR have very little structure.

More specifically, we want to know:

• Do experts (museum curators) have more complex informa-
tion needs than non-experts?

• Can expert searchers benefit from structured queries?

In the following sections we discuss information requests in cul-
tural heritage (§ 2), and experiments with structured queries (§ 3).
We discuss the utility of structured queries for non-expert users
(§ 4), and conclude with a discussion of our findings (§ 5).

2. INFORMATION REQUESTS
In this section, we look at the search requests of both experts and

non-experts.

2.1 Search Log Queries
We studied the search log data of the Gemeentemuseum from 9

January 2004 to 15 October 2007. The web site allows users to
search through a collection of 1,100 of the highlights of the mu-
seum object collection. The web site provides images and some
metadata for these objects. The search logs contain over 7,500
queries with corresponding click-through data. Of the 10 most fre-
quent queries, 9 are artist names and one is the name of a painting.
All 10 queries consist of one words. Why are these queries short
and atomic? Is it because users of the system have only very sim-
ple, atomic information needs? Is it because they lack knowledge
about the system and the data to be able to formulate a more com-
plex query? Or is it because the system does not support complex
queries that target multiple aspects of object descriptions?

The log only shows the clicks on images from the results list,
including the query that generated the results list. The logs show
when a user clicks the search button, but not the actual query. The
only information we can get therefore, is the combination of a re-
quested object and the corresponding query. If no image is clicked,
or no result is returned in response to a query, we have no informa-
tion. We note that the logs only contain the “successful” queries,
where at least some results were returned and the user clicked on
at least one of those results. But from these queries and clicks, we
can still derive some information. First of all, user queries can tar-
get creators and titles. However, the top 10 queries show mainly
creator names, which is in line with earlier findings in search log
analysis of art institutions [12–14]. Second, we cannot see whether
the observed queries are typed by users with simple information
needs, users with limited knowledge or users with more complex
information needs who simplified an initial complex query that re-
turned no results. In any of those cases, users still typed those
queries and requested an image in response to that query.

2.2 Expert Searchers
We want to look at users who have extensive knowledge of the

collection, to find out if they have more complex information needs
and whether the available structure is of use to them. To this end,
we obtained information requests from curators. They are closely

Table 1: Distribution of topics over number of aspects.
Experts Non-experts

aspects per query # queries % # queries %
1 14 31.8 2 7.7
2 16 36.4 9 34.6
3 13 29.5 10 38.5
4 1 2.3 3 11.5

Table 2: Distribution of topics over different aspects.
Experts Non-experts

aspects # queries % # queries %
acquisition method 5 11.4 4 5.6

creator 16 36.4 21 29.2
location 9 20.5 2 2.8
material 5 11.4 4 5.6

period 8 18.2 0 0.0
physical description 4 9.1 6 8.3

size 0 0.0 1 1.4
style 5 11.4 0 0.0
title 0 0 11 15.3
type 24 54.5 12 16.7

involved in creating the object descriptions, therefore know the ter-
minology, the field structure and the objects in the collection. These
descriptions are edited to ensure high quality records with precise
terminology and are developed for Boolean search. The search
terms suggested by the curators will come from the same vocab-
ularies as the terms in the object descriptions. These keywords
form queries that can be seen as Boolean queries. A good example
of the “Boolean” way of thinking about retrieval in CH is nicely
described in Oddy and Barker [10].

We asked nine curators of the Gemeentemuseum to write down
information requests that are based on or resemble their actual in-
formation needs. This resulted in a list of 44 topics. We obtained
relevance judgements for 24 of these topics, from seven curators,
through a combination of asking them to write down any relevant
objects they could think of and compiling lists through manual
searches and asking the curators to judge these lists of objects.
There are 928 relevant objects for the 24 assessed topics.

We looked at the complexity of all 44 curators topics to see if
experts use more complex queries. First, we look at the number
of aspects appearing in the requests in Table 1, in columns 2 and 3
(the last two columns will be discussed in § 4). Clearly, the curators
requests are more complex than the queries found in the search
logs. Still over 30% of the queries contain only one aspect, but the
majority of queries have two or more aspects.

Second, we look at the categories appearing in the requests in
Table 2, columns 2 and 3. As with the search log queries, many
expert requests contain creator names, but there are many more
aspects that are requested frequently. In fact, the majority of the
curator requests contain the object type.

We obtained a full copy of the object database of the Gemeen-
temuseum, which contains 116,493 museum object descriptions.
These descriptions are structured with fields like creator, title and
date. The 24 judged topics have 68 query terms (2.83 terms per
query). On average each query term appears in 11.37 distinct fields.
The meaning of the term is often determined by the field it appears
in. This shows the potential for using field restrictions.

Curators often write and update the descriptions themselves, us-
ing agreed upon terminology—reducing the vocabulary mismatch.
The experts broadly know which terms were used and should be



used to describe characteristics and aspects of objects, and there-
fore, which terms to use to search for objects. Because they are
used to storing and retrieving information in a highly structured
way, they are able to generate very precise queries. Their queries
should reflect the underlying information need well.

As a result, we may expect that for expert search requests, each
query term is important and should occur in each relevant descrip-
tion (consistency and completeness). Descriptions where all but
one query terms occur are less relevant than descriptions where all
query terms occur. This is related to co-ordination level ranking [4,
5]. In the language modelling framework, this can be achieved by
using little smoothing. The contribution of the background model
for missing query terms will be very small in comparison to the
contribution of the document model for query terms that do occur
in the document. The impact of term weights is strongly reduced.

3. EXPERIMENTS AND RESULTS
We used Indri [6] for indexing and retrieving. To use the avail-

able structure, we indexed the field information as well, allowing
us to retrieve objects that have query terms in specific fields. We
experimented with different sets of queries for the 24 expert topics.

Text: a set of unstructured bag of words queries as is typical in
many standard text retrieval systems.

Fields: a set of structured queries based on the Indri query lan-
guage. A query term gets a field restriction if the curators specified
one. For instance, hobo.(object_name) means the query term hobo
must occur in the object_name field.

Fields+Doc: To see the impact of the document context, these
queries balance fields restrictions with an unrestricted equivalent.

That is, we use #wsum(1.0 hobo.(object_name) 1.0 hobo) so that
documents that have hobo in another field still receive some score.
We experimented with different weights but found that using unit
weights gives the best results.

Fields, Boolean: the same set of structured queries as above,
but with a Boolean AND operator, thereby treating the queries in a
database-like fashion. All terms must occur for a document to be
retrieved. Indri still weights terms and ranks accordingly.

Note that the structured queries were mediated by the experi-
menter. Structured query languages give users more expressive
power [15], but many users have problems formulating good struc-
tured queries [7, 8]. We assume here that expert searchers can cope
with this.

3.1 Smoothing for Expert Queries
The amount of smoothing determines the importance of whether

a term occurs in a document. With little smoothing we can approx-
imate co-ordination level ranking: all query terms are considered
important, so document are heavily penalised for missing query
terms. We have ranged the smoothing parameter λ between 0 and
1 and found a low value of λ = 0.1 to be the most effective for
MAP, although the differences with higher values is very small.
If the smoothing parameter has little impact, this means that the
background model has little impact. It seems that even with heavy
smoothing we have a co-ordination level ranking. This could be a
consequence of the characteristics of CH descriptions. Each term
is selected with care and often appears only once in each descrip-
tion. As a result, descriptions matching all terms are automatically
ranked above description matching only a fraction of the query
terms. With no smoothing (λ = 0) the results are much worse,
showing it is very effective to have at least some smoothing.

3.2 Unstructured and Structured Queries
We compare the effectiveness of the unstructured queries against

Table 3: Comparison of structured and unstructured queries.
Significance levels are 0.05 (◦), 0.01 (•◦) and 0.001 (•)
Queries MAP MRR P@10 Recall
Text λc=0.1 0.4525 0.6691 0.4000 0.8722
Fields, λc=0.1 0.4600 0.6542 0.4542 0.8418
Fields+doc,λc=λd=0.1 0.4771 0.6850 0.4375 0.8722
Fields, Boolean 0.4482 0.6108 0.4708 0.5534
Fields, Boolean, no rank 0.4612 0.6648 0.4896 0.5534
Fields, Boolean, no rank + Text 0.5636• 0.7582• 0.5458• 0.8722

the two sets of structured queries with field restrictions. One set of
structured queries, Fields, only matches terms in specified fields,
while the other set, Fields+doc, matches terms against both the
specified fields and the entire document. The first three lines in
Table 3 shows the results. With fields we see a small decrease in
MRR but a larger improvement in P@10. The semantic informa-
tion of the fields reduces the number of spurious matches. The
slightly lower recall shows some descriptions can only be found by
ignoring the field structure. If we match query terms both in the
specified field and in the full description, we get improvements at
all rank cut-offs, and thereby a larger improvement in MAP. How-
ever, it results in a slightly lower P@10 compared to the Fields only
run. We test improvements upon the Text baseline for significance
using the one-tailed bootstrap test with 100,000 resamples. None
of the improvements are statistically significant.

The semantics of the field structure can help precision if ex-
pressed properly in the query. On the other hand, taking the larger
document context into account when matching terms is more ef-
fective for overall precision. This shows that although the fields
structure is informative, the document context is also important for
ranking.

3.3 Boolean Queries
We compare Structured and Unstructured queries against struc-

tured Boolean AND queries. To emulate database retrieval, which
considers any document exactly matching the query as relevant
and equally relevant, we use the Boolean AND queries and repeat-
edly randomise scores and evaluate. This is done because we use
trec_eval to evaluate the runs, which orders documents with equal
score by document ID. To remove any possible bias introduced by
this ordering on document ID, we randomise the scores and evalu-
ate and repeat this 1,000 times to obtain average scores. This run is
denoted Fields, Boolean, no rank.

What if we combine the document ranking of the Text run with
the set-based retrieval of the structured Boolean AND run? If we
sum the scores, the set of documents returned by the Boolean run
will be ranked before the set of documents returned only by the
Text run, but within each of these two sets, the documents will be
ranked by their Text score. What can the unstructured query score
add to Boolean retrieval apart from larger recall?

The results of the Boolean runs are shown in Table 3. The overall
results indicate that the Boolean-style retrieval is reasonably effec-
tive for these expert queries. The Boolean run with ranking returns
far fewer relevant documents, but has a much higher early preci-
sion. Also, with a recall of 0.5534, it shows that many relevant
documents do not exactly match expert queries. We can substan-
tially improve results by linearly combining Boolean set-based re-
trieval with unstructured text retrieval. The combined document
score S(d) for a document d is computed as: SBool.+Text(d) =
0.5 ·SBool.(d) + 0.5 ·SText(d). The combined run is the only run
that shows significant improvements. The fact that the set-based
Bool., no rank outperforms the rank-based Bool. run shows that



term frequency and document frequency are not as important for
edited CH descriptions containing precise keywords picked by CH
experts as for typical natural language texts.

To summarise, smoothing has very little impact on unstructured
queries, but little smoothing is more effective than heavy smooth-
ing. Expert searchers know the right terminology and which terms
to choose to identify a set of objects. Many terms in CH descrip-
tions consist mainly of labelled keywords which occur only once
per description, so term frequency might not be an important factor
in ranking. All query terms are important, making document fre-
quency possibly less important. On the one hand, the effectiveness
of exactly matching the query gives an indication that subtle term
weighting for natural language texts is less needed for keywords
based CH descriptions. On the other hand, the results in Table 3
show that set-based retrieval can be greatly improved by combin-
ing it with a standard text-retrieval method.

4. DISCUSSION
The search logs showed that non-experts use simple queries, but

this is partly due to the system not supporting more complex queries.
Perhaps non-experts could also benefit from a more complex query
language. We obtained a large number of e-mail questions sent to
the museum by outsiders to study the complexity of “non-expert”
information requests. Of course, not all questions can be answered
by searching through the object database, but from a sample of 75
questions sent to the Gemeentemuseum, we found that 26 ques-
tions could. Analysis suggests these non-expert have more com-
plex information needs than the simple requests from the search
logs. Columns 4 and 5 of Table 1 show the number of aspects
per query for the non-expert queries, using the same analytic ap-
proach for the e-mail questions as for the expert requests in § 2.2.
Similarly, columns 4 and 5 in Table 2 show the distribution over
different aspects. Although many questions contain the name of an
artist–similar to earlier studies–there are several other aspects that
frequently appear in questions. Apart from that, the average com-
plexity of the questions shows that “non-experts” and experts have
similarly complex information needs. The average complexity of
the e-mail questions is 2.88 aspects and are a further indication that
users might use information from more categories in the descrip-
tions if they had access to this information.

5. CONCLUSIONS
In this paper we investigated the potential of using the structure

of cultural heritage descriptions to improve retrieval effectiveness
for expert searchers. Although CH descriptions are very precise
and detailed and highly structured, on-line search logs of cultural
heritage institutions show users typically issue simple information
requests. We obtained a collection of search requests from expert
searchers of CH data and found that they have more complex in-
formation needs. We have created a test-collection of museum ob-
ject descriptions, expert search topics and corresponding relevance
judgement, which we used to investigate the importance of the se-
mantics of the available field structure. Both the object descriptions
and the search request of are very high quality, with keywords care-
fully selected using precise terminology.

Because each query term is important and precise, little smooth-
ing is required to compensate for documents missing query terms.
Still, smoothing is essential to obtain high recall, showing that
incompleteness and inconsistency in descriptions is a significant
problem for retrieval. Structured queries that exploit the field se-
mantics lead to more precise search results. However, the improve-
ments are not significant and for overall precision they are small.

This indicates the query terms they choose are indeed very pre-
cise and unambiguous. Strict Boolean queries are very effective
for obtaining precise retrieval results, but lead to low recall be-
cause of errors and omissions in the descriptions. Set-based re-
trieval is roughly as effective as standard text retrieval and suggests
that for CH descriptions, standard term weighting based on term
frequency and document frequency are less important than for nat-
ural language text documents. The effectiveness of the database-
like Boolean queries shows the importance of the field structure of
the descriptions while the effectiveness of the unrestricted free-text
queries shows the importance of using the larger document con-
text and best-matching. The ranking can be significantly improved
by combining the set-based retrieval of the Boolean AND queries
and the relevance ranking of the unstructured bag of words queries,
showing that structure and context are complementary evidence re-
quired to obtain high quality retrieval results.
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