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Discussion and Conclusion

The work reported in the first part of this thesis provided insights into the informa-
tion needs of both cultural heritage experts and mobile lay users when consulting
multiple information sources. This allowed us to identify specific tasks that can
be better supported by new information access tools. The studies carried out in
the second part of this thesis allowed us to examine the effects of specific inter-
face support for certain tasks. In this chapter we take a step back to reflect on
the results obtained as well as the methods used. The chapter first addresses the
research questions, then presents a discussion on the research methods, and finally
we list suggestions for further research.

7.1 Research questions revisited

Research Question 1. What are the information seeking tasks for cul-
tural heritage experts and mobile lay users?

We carried out two ethnographic studies in the domains of cultural heritage
and location-based mobile search. In our study with cultural heritage experts,
we conducted a semi-structured interview focused on professional information
seeking tasks in online and offline sources (chapter 2). In our study with mobile
lay users, we conducted a longitudinal digital diary study primarily focused on
location based mobile search activities (chapter 3). Based on these, we discuss
general trends in information seeking.

Cultural heritage experts and mobile lay users conduct both simple
and complex information seeking tasks — Based on our studies, we
conclude that cultural heritage experts and mobile lay users both conduct simple
(e.g. fact finding and non-goal oriented tasks) and complex (e.g. information
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gathering) tasks. In our studies, we found that instances of information gathering
tasks, such as comparison search, relation search, topic search, exploratory search
and combinations of these, exist for both user groups (sections 2.4.3 and 3.3.1).
However, the task distribution differs per user group. Cultural heritage experts
tend to emphasize information gathering tasks. This is because cultural heritage
experts’ tasks tend to be more complex and heavily oriented towards analyzing
information (section 2.4.3). The task distribution of mobile lay users is less
focused (section 3.3.1). Many of the mobile lay users’ tasks are simple, such
as looking for business contact information. However, we also identified many
complex information gathering tasks, such as comparing different businesses
and products. Even though current mobile devices may not yet be suitable for
complex information gathering tasks, we believe the frequency of these tasks will
increase along with the increase of smartphone capabilities. Tasks usually cur-
rently done on a desktop will then also be performed on smartphones (section 3.4).

Cultural heritage experts and mobile lay users search across multiple
sources — Based on our surveys of the information access tools used by cultural
heritage experts and mobile lay users, we found that both types of users search in
many information sources, sometimes simultaneously, to find their answers. Mo-
bile lay users use different websites as information sources (section 3.4). Cultural
heritage experts use online sources (reputable websites, collection management
systems, search engines) as well as offline sources (research literature, catalogs
and traditional archives) (section 2.4.2). When dealing with multiple sources,
users have to manually aggregate and analyze scattered information to be able to
synthesize their answer.

Based on our interviews, we conclude that the search tools of both cultural
heritage experts and mobile lay users provide insufficient support for complex
information seeking and multi-source search tasks. Comparison search is a good
example where the two problems are combined in a single task. Comparison
search applications typically support the user by aggregating and aligning similar
pieces of information, and present these pieces in a way that makes it easy to
compare results. In the cultural heritage domain, these laborious activities need
to be done manually. Tasks become only more cumbersome when users need to
compare results from different sources (section 5.3.3).

While our studies are only on two specific user groups and two domains,
literature suggests that these trends and challenges are also applicable to other
domains (section 2.4). In the following section we outline the requirements of
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information access tools addressing these challenges.

Research Question 2. What are the requirements to support informa-
tion seeking across multiple sources?

We found that for most complex information seeking tasks across mul-
tiple sources, the difficulties primarily lie in inadequate support tools (sec-
tions 2.5.4, 3.5, 5.3.2). As a result, we identify two general requirements for
information access tools: supporting simple and complex information seeking
tasks and supporting search across multiple sources.

Support simple and complex information seeking tasks — Due to the
different requirements of individual information seeking tasks, to fully support
these tasks, different interfaces tailored to different tasks should be made available
on top of the same data (2.5.4).

• Support fact finding and non-goal oriented tasks.
Compared to the more complex search tasks discussed below, current tools
tend to provide relatively good support for simple fact finding tasks. From
our studies, however, we find there is still room for improvements. These im-
provements tend to be application and domain specific. In the cultural her-
itage domain, fact finding tasks can be better supported by systems that as-
sist domain experts to do query expansion to help them build better queries,
especially when dealing with unfamiliar museum collections (section 2.5). In
the location-based mobile search domain, fact finding can be better supported
with location and business-specific query refinement features (section 3.5).
For non-goal oriented tasks in the cultural heritage domain, we found that
technological solutions to support non-goal oriented tasks, such as RSS feeds,
are already available even though not widely used. The main requirement
here is to provide the most recent and relevant information while not letting
the user feel overwhelmed by too much information, which turns out to be a
difficult balance in practice (section 2.5.3). For the mobile domain, non-goal
oriented tasks require better support in terms of recommendation based on
people’s social network and regular travel routes (section 3.6).

• Support information gathering tasks.
The focus of this thesis is on complex information gathering tasks. Based on
our survey of tools used, systems that support such tasks currently do not
yet exist in the cultural heritage domain (section 2.5.4). More specifically,
cultural heritage experts would appreciate tools that support tasks such
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as comparison search, relation search, topic search, exploration search,
and combinations of these (sections 2.4.3, 3.3.1 and 5.3.3). Generally,
the challenge that users experience in carrying out information gathering
tasks lies in finding higher-level relationships among individual facts that
are distributed across and aggregated information from isolated search
results (section 2.4.3). Therefore the application needs to provide links
between the results from isolated searches and the aggregation support.
More specific requirements, however, depend on the specific task. For
example, in chapter 5 we investigated the requirements for comparison
search tasks for cultural heritage experts. Here, the requirements are
directly related to the experts’ need to search, select and organize sets of
artworks and to compare groups and individual artworks by finding similar-
ities and differences among their properties and property values (section 5.4).

Support search across multiple sources— We found that there are different
levels of requirements for applications that support information seeking across
multiple sources.

• Provide aggregation support across multiple sources.
The most basic problem in information seeking across multiple sources is that
each source is a separate system that provides its own interface. Thus, to ac-
cess information stored in different sources, users spend large amounts of time
and effort on repetitive searching because they need to go to every source and
repeat the same query or think about all possible alternative queries. This
proves to be tedious and laborious work even for professionals (sections 2.5.4
and 5.3.2). Additionally, problems that occur while searching through a
single source also occur while searching through multiple sources, but on an
even larger scale. For example, in the cultural heritage domain, most prob-
lems with search within a single collection are related to the use of different
name variants, different languages and different related terms. These prob-
lems only become worse when searching across multiple collections, where the
information tends to be even more heterogeneous. Thus, one requirement for
an aggregation support system is to provide reliable alignments between the
different terms used by the different sources. By doing so, it should be pos-
sible to search on any alternative terms (section 5.4). On a related issue, to
help users formulate their query, solutions that support users with finding
the most appropriate terms should be provided (section 2.5.4 and 5.4). For
example, in the location-based mobile search domain, one requirment would
be that aggregation tools support the mashup of different types of informa-
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tion, such as business information, product information, transportation and
traffic information (section 3.6).

• Provide analysis support across multiple sources.
In complex tasks, such as information gathering, it is not sufficient to ag-
gregate and present individual search results. Analysis tools built on top
of the data from multiple sources could provide added value. An example
from the comparison search task in the cultural heritage domain is to pro-
vide support for users to analyze different properties and values of artworks
belonging to different collections (section 5.4). Since different museums have
their own conventions on how to annotate their collections, two requirements
to provide analysis support are to find ways to align the information from
the different collections accurately and to present them in the interface in a
way that helps the expert carry out the comparison analysis effectively.

• Enable transparency of information sources.
In a search aggregator, where many different information sources are com-
bined, the user still needs to be able to assess how reliable the provided
information is. For domain experts, source credibility is a crucial issue, and
they typically only search in sources they trust (section 2.5.4). Generally
these trusted sources are agreed upon within a community. For lay users,
this consensus may not exist, and judging information source credibility can
be difficult (section 6.6). For lay users to judge source credibility, systems
are required to offer other means. For example, a system might provide rec-
ommendations from trusted people in the user’s social network (section 3.6).
One requirement for systems that use information from multiple sources is,
therefore, to take credibility aspects into account, at the data, functional
and interface level, to help users assess the reliability of the information
presented.

Through our ethnography study, we have come across many inadequacies in
the available search tools. To enable users to carry out their specific complex
tasks better, these requirements should be addressed in future information access
systems. In our third and final research question, we discuss alternative solutions
that satisfy some of these requirements.

Research Question 3. How can we support information seeking tasks
across multiple sources?

We carried out user studies directed towards finding solutions for advanced
search tasks across multiple sources in the cultural heritage domain. We selected
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three areas to provide support: query formulation across multiple sources
(chapters 4 and 5), analysis of aggregated search results from multiple sources
(chapter 5) and transparency of information sources through credibility ratings
(chapter 6).

Supporting query formulation across multiple sources— Within the cul-
tural heritage domain, thesauri and other controlled vocabularies are commonly
used to address problems related to synonyms, name variants, differences in lan-
guages or differences in jargon. Thesauri-based interfaces have, however, the rep-
utation of being very hard to use, even for experts. We studied to what extent
the ease of use of autocompletion-based interfaces could be combined with a set of
aligned thesauri to support query formulation across multiple sources.

In chapter 5 we found that users can easily understand and use the tested
interface, that it can save time when searching for many documents, and that by
exploiting synonym relationships in the thesauri, it allows users to search and find
documents that have been annotated with different terminology (section 5.6.3).

The key challenge in autocompletion usability is to manage the large num-
ber of potential suggestions. In chapter 4 we studied different strategies using
the hierarchical and type relationships in the thesauri to organize autocompletion
suggestions. We found that different thesauri require different strategies. The geo-
graphic thesaurus has symmetric levels and the grouping made by these levels were
easy to understand. These grouping organizations were prefered by users over flat
lists. They increase user performance by reducing typing errors and improve the
speed of query formulation (section 4.3.2). This was the not the case for the other
thesaurus in the experiment. The lexical thesaurus has asymmetric levels. The
groupings were difficult to understand. Thus, it is hard to make a good grouping
and to predict which branch will contain the most appropriate suggestion. For this
thesaurus, other means of organizing suggestions, such as alphabetically ordered
lists or lists ranked on popularity, performed better (section 4.4).

In addition, we found that this feature requires sufficient data quality in
terms of the annotations and the thesaurus alignments, a problem we discuss
further in detail in section 7.1. Finally, we learned it is crucial to combine
thesaurus-based autocompletion with free text search. When the user’s query
cannot be expressed by the predefined terms in the thesauri and the dataset in-
cluded terms beyond those in the thesauri, free text search should also be available.

Supporting analysis of aggregated search results from multiple sources
— Because different information gathering tasks have different requirements, we
focussed on supporting a specific task, one frequently mentioned by the experts



7.1 Discussion and Conclusion 117

in chapter 2: comparison search. We designed a prototype application supporting
this task and evaluated it using cultural heritage experts (chapter 5).

We developed the search module of the application by reusing the aligned the-
sauri and the autocompletion interface components of the previous study (chap-
ter 4) and focussed on supporting the users with aggregation and (quantitative)
analysis of the aggregated search results. The use of synonyms, name variants
and other differences in terminology not only makes finding objects from multi-
ple information sources harder, it also makes it hard to determine the aggregated
properties of a group of search results, or to compare such groups. Inspired by this,
we explored another use of thesauri alignments: how to support comparison search
across aggregated information from multiple sources that are linked by thesauri.
To support the comparison search task, we use different types of visualizations
using the aggregated and partially linked information. We observed that users
were generally positive about the experience with the novel tool and some of the
visualizations were easy to use and allowed users to work effectively, in particular
for complex comparison tasks (section 5.6.3). In general, the tool demonstrated
that the use of thesauri can help to support a comparison task that is currently
very time consuming and difficult to do manually. We found that the data quality
of the object metadata and thesaurus alignments crucial in order to obtain reliable
visualizations (section 5.7).

Support transparency of information sources through credibility ratings
— We investigated the effect of visualizing information source credibility for lay
users (chapter 6). We found that when lay users are confronted with information
coming from multiple sources, they largely rely on judging the content presented
(section 6.5) or rely on recommendations from people in their social networks (sec-
tion 3.5). We collected different credibility ratings of different types of cultural
heritage sources and showed these ratings to lay users. We found that visualiza-
tion of the credibility ratings improved the confidence of lay users in the selected
information (section 6.5). This indicates that providing source credibility cues,
such as ratings, is useful to guide lay users in assessing which source to trust. The
issue of credibility of an information source in an information access tool is highly
context dependent 6.2. Thus, investigation of the appropriate mechanism to con-
vey credibility ratings of multiple sources should be tailored to the application.
For example, in chapter 6, we used users’ scores in a progress bar to reflect cul-
tural heritage institutions’ perceived credibility ratings. Depending on the domain
and application, other means to derive credibility ratings (e.g. peer review or by
authority) or other types of credibility cues, might be more appropriate.

In research question 3, we discussed various interface features developed to
support complex search tasks in heterogeneous data from multiple sources. In the
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next section, we will discuss the challenges future research will face with regards
to supporting information seeking tasks across multiple sources.

7.2 Research method revisited

While carrying out our research, we faced a number of challenges when evaluating
applications for multiple sources (chapters 4 and 5). Even though the interface
and interaction are the primary focus of this research, we found that there are
two important factors to be considered: 1) eliminating the effects of the varying
quality of the underlying data and the search algorithm (sections 4.4 and 5.7),
and 2) the user interface evaluation method. These factors have implications for
our application evaluations (van Ossenbruggen et al. 2008).

Reducing the effects of the varying quality of the underlying data and
search algorithm — The thesaurus-based applications, developed in chapters 4
and 5, provide meaningful interactions with complex data for specific tasks. If the
data comes from a single source, a relational database will suffice. All data and
relationships between different data can be adjusted to meet the application re-
quirements. This is not the case, however, in applications using data from multiple
sources where both the instance data and the data schemas are beyond the con-
trol of the application developer. Consequently, issues that normally do not occur
in single source applications, such as information duplication, inconsistencies and
trust in the information sources, become a concern that influences the perceived
benefit of the application.

• Lack of high quality test collections.
Ideally, the data combined from multiple sources has to go through a quality
evaluation and control process before being used in an application. This mea-
sure is important because as long as the quality of the data is not sufficient,
the information presented may not make sense to users. In our case, low qual-
ity data could negatively influence the user interface evaluation (section 5.7).
One way to isolate the influence of data quality is to use test collections that
has been carefully validated. Unfortunately, to date, there is little consensus
in the community on a test collection for semantic web applications evalua-
tion. For most domains it is hard to find ready made datasets that meet this
high quality criterion. We work mostly with cultural heritage datasets. In
this domain, annotation of cultural heritage datasets is done conscientiously
by domain experts to ensure a high quality of information (Hildebrand et al.
2009). Thus, we believe this domain provides one of the best and realistic
datasets. We find, however, that even in this domain there are cases where
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the quality of the datasets and their alignment is only partially sufficient for
a user evaluation (section 5.7).

• Varying quality of search algorithms.
The quality of the search and inference software is another important issue to
consider in our evaluation. Advanced search and inference software is needed
to allow efficient search and navigation through data from multiple sources.
Although this is true for all applications providing information access, effi-
cient search algorithms across multiple sources are still new and are in their
infancy. In our research, we are constantly confronted with algorithms and
heuristics that work well with one particular dataset, but perform poorly on
another: approaches that work well with one ontological modeling choice, do
not necessarily work for another. Ensuring the middleware is of sufficient
quality for a realistic user study is a non-trivial task.

Because we could not totally isolate interface aspects from the underlying data
and search software, in our evaluation we have preselected specific tasks, through
informed trial and error (section 4.4), that use parts of the data that we know
work well. With this approach, we try to eliminate any negative influence and
distraction caused by low quality data or poor search performance. This enables
us to evaluate the interface issues almost independently from the potentially poor
quality data and search algorithm. This means, however, we cannot evaluate
users performing any comparison search task in realistic setting because it might
require another part of the data that is poor in quality.

Evaluating user interfaces for multiple sources — Our user interface evalu-
ation focuses on two areas: evaluating unified interfaces on distributed data from
multiple sources; and novel interfaces for tasks that are complex and not supported
by current tools.

• Evaluating unified interfaces for data from multiple sources.
An application that accesses multiple sources will behave differently from
those that run on a single dataset. Typically the former would respond slower
but provide more information in terms of volume. We faced this challenge
when we wanted to carry out interface evaluation of our new application
that accesses multiple sources and compare it with a baseline application
that typically accesses a single source. To eliminate the influence of system
response and information load and have a fair evaluation, we decided to
load fewer datasets for the new application to be the same as the current
application. The trade off is that our users did not experience accessing
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different types of collections with the new application. Consequently, we
missed the opportunity to gain any insights in this area.

• Evaluating new interfaces for tasks that are not supported by current tools.
Our main challenge here is to conduct an evaluation to examine the value of
such applications. Since there are no similar tools that help users with the
same task, it is hard for us to set a suitable baseline in our evaluation. Our
comparison search interface is a good example of this (chapter 5). The inter-
face is designed to help users to search in multiple sources, and is equipped
with many features that are currently not available in current search tools
(section 2.4.2, 5.3.2). During our evaluation, we faced the difficulty of test-
ing advanced and complex information seeking tasks on our new tool because
those tasks cannot be carried out with the baseline tool. As a compromise,
we decided to “downgrade” our evaluation and test only a limited set of tasks
that we know were possible to do with the baseline interface. By doing so,
we cannot fully evaluate the usefulness of the rich novel features that our
new tool has to offer.

7.3 Future research

We feel that research on supporting information seeking tasks across multiple
sources is still at an early stage. Based on the experiences throughout this
research, we offer directions for future work in the area of Semantic Web and
Human Computer Interaction.

Semantic Web
As discussed in earlier section (section 7.2), the success of user evaluations on
semantic web applications is not independent of the data quality and back end
process. Therefore, we encourage future work in the following areas:

• Data quality improvements — Trust in the information is crucial for our
domain expert users, and low quality data may negatively influence users’
evaluation of it. Thus, high quality data, in single as well as multiple sources,
is an important requirement for our expert users (section 2.5.4). However,
this is a challenge for applications that include multiple information sources,
because the overall quality of the data in an application is the result of con-
verting and combining different single sources. In particular, it depends on
the quality of the original data from each source, the quality of the data
format conversion, and the precision of the alignments between the different
sources. Both the format conversion and alignment processes are likely to
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reduce the resulting data quality. For example, the alignment stage is fun-
damentally an imprecise process, since concepts that are aligned may not be
identical but still sufficiently close to motivate creating an alignment. Fur-
ther research is needed to identify the characteristics of the different data
quality problems (introduced at these different stages of data processing) of
information from multiple sources and to investigate methods to systemati-
cally mitigate them.

• Systematic evaluation methods — The work described in this thesis is
part of the semantic web research done within the MultimediaN E-Culture
project. As explained in section 7.2, interface evaluation on top of semantic
web technology is challenging. Therefore, we believe that the semantic web
community would benefit from a common agreement on the different types
of evaluation, much like the efforts of the information retrieval community
by organizing TREC and TRECVid conferences. To date, there is little con-
sensus in the semantic web community on a common evaluation framework1.
This includes three evaluation aspects: the quality of data process (conver-
sion and alignment), the semantic search algorithms and the semantic web
user interfaces. We encourage future work for the whole semantic web com-
munity to agree on different types of evaluation methods for these aspects.
In particular, to:

– Defining guidelines to measure the quality of data conversion and inte-
gration similar to those that have already been developed for evaluating
the quality of vocabulary alignments (to evaluate data quality).

– Establish benchmark tests to provide a more meaningful comparison
between the different semantic search algorithms (to evaluate search
algorithms)

– Provide test collections, either ’ideal’ dataset having high quality or a
realistic dataset having medium quality, that researchers can use in ap-
plication development and providing evaluation guidelines for interfaces
working on top of the test collections (to evaluate user interfaces).

We believe that establishing common evaluation methods for these aspects
will ultimately result in higher quality semantic web data, search algorithms
and user interfaces.

1The community has made a first step in this direction by setting up workshops, such as
“International Workshop on Evaluation of Ontology-based tools” (EON2009) or the“Evaluation
for Entity Search Track” as part of the Semantic Search 2010 Workshop. http://km.aifb.kit.
edu/ws/semsearch10/
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Human Computer Interaction
Despite the fact that the SWUI (Semantic Web User Interaction) community has
existed since 2006, research on user interfaces for semantic web application is still
in its infancy. Most of the research done in the semantic web community tends
to focus on the semantic web infrastructure and back-end process. To date, there
is little multidisciplinary research involving both semantic web search and human
computer interaction. As a follow up to our research, we indicate neccessary future
work for the human computer interaction community in the context of (semantic
web) search applications.

• Information seeking tasks taxonomy validation — We conducted two
ethnography studies on users’ information seeking tasks for two user groups
(domain experts and lay users) and two different domains (cultural heritage
and mobile location-based search). Consequently, our findings on the infor-
mation seeking tasks taxonomy were primarily based on these user groups
(section 2.4.3 and 3.3.1.3). Further validation of this taxonomy through in-
vestigation in other domains is a natural follow up for this work.

• Support information seeking tasks across multiple sources — In
earlier parts of this thesis, we described a number of ways to support infor-
mation seeking tasks across multiple sources (sections 2.7, 3.7, 4.5, 5.8, 6.6
and 7.1). However, we feel that one of the most important future directions
in this area is on investigating applications to support different types of
information gathering tasks. The reason being that these tasks are among
the least supported by most information access tools. As initial work, in this
thesis we investigated means to support comparison search task 5. Similar
work is needed for other information gathering tasks. For example, to
support relation search, more investigation is needed in the area of relation
search algorithms, such as finding solutions to relate data from multiple
sources and to present only meaningful relationships according to specific
user tasks (van Ossenbruggen et al. 2008), and information presentation,
such as investigations to find better visualizations to present different
relationships in a rich way while maintaining ease-of-use.

• Understanding the trade-offs between data quality and data cov-
erage for applications with multiple sources — Ideally, applications
should always use high quality and trustworthy datasets. In reality, due to
data processing and the characteristics of the original sources, the more in-
formation sources are combined together, the more likely that the average
quality of the overall dataset decreases. This is often the case when dealing
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with real datasets from multiple sources having different qualities, such as
linked data on the Web. It would be interesting for the SWUI community
to investigate where such data can be still be valuable. Future work should
investigate what are the types of information seeking tasks and use cases
where users are willing to tolerate lower data quality in return for larger data
coverage across multiple sources?

Once these specific tasks and use cases have been identified, follow-up work
for the SWUI community would be on how to design an interface and inter-
action for this type of information in a transparent way that enables users to
make assessments, to adapt their search strategy and ultimately to find what
they are looking for?

The work in this thesis gives some signposts for the large amount of work that
lies ahead in this research area. While we have identified a number of requirements
that need to be satisfied when providing support for complex information seeking
tasks, we have been able to investigate only three examples. Nevertheless, we
hope that the examples that have been developed will provide inspiration to the
semantic web community to understand the vital role that reliable data play in an
end-user application. In parallel, we encourage the human computer interaction
(HCI) community to embrace the huge challenges of developing new functionality
in the midst of unstable technology. While the development of semantic web is
predominantly an under-the-hood technology, we believe we have shown that this
brings with it real HCI challenges, and some indications of how these may be
addressed.




