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Abstract

In this position paper we establish the need for transparency in per-
sonalized professional search. We provide a brief overview of prior
work, identify the gaps, and list four research directions that need to
be explored to close these gaps. The central idea of our proposal is
the professional knowledge graph. Graphs are a natural and transpar-
ent means of representing knowledge. A graph-based search paradigm
enables and stimulates the exploratory search behaviour for complex in-
formation needs that are inevitable in professional work environments.

1 Introduction

Professional searchers, such as lawyers, policy officers, architects, and scientists, need to process increasing
amounts of documents to find relevant, complete, high quality, work-related information [4, 35]. Not being able
to find the needed information is a costly problem in our information-driven society in which the amount of
available information from diverse sources is amplifying (internet, digital libraries, internal collections).

A problem of the general search paradigm when applied work-related search is that result ranking relies on
popularity of web pages: the more often a result is clicked for a given query, the higher it is ranked in future
searches [19]. However, information search by professionals is essentially different from generic web search in
three important aspects:

• The search tasks of professionals are complex, i.e. highly-specific and typically recall-oriented: the searchers
want to be sure that they have found all the relevant information [27, 21];

• The searching is not limited to sending one query and clicking one result, but is often exploratory by
nature [15], and includes browsing, analysing [26] and re-finding previously used information [36];

• Each user has their own individual needs: not only interests, expertise and information needs differ per
user, but also the perceived relevance of retrieved documents [40]. The search evolves on the searcher’s own
knowledge.

Because the information needs are highly specific and individual in professional search, the click data available
from other users is limited and irrelevant [17]. Hence, result ranking cannot depend on popularity.

Thus, for effective professional search, a different approach is necessary. We argue that the search results
should not depend on a single query matched to the collection of documents, but should be centred around the
knowledge of the individual user, allowing to serve their highly specific information needs. This idea is based on
the classic model for information seeking by Dervin in which a search is motivated by the gap between what the
user already knows and what he wants to know [11, 25].
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For a search engine to be centred around the knowledge of the user, a user profile must be created and utilized
for personalized ranking. User profiling and personalization have been addressed extensively in IR research, but
barely in the context of professional search. The reason is that transparency is essential in work-related search:
professional users do not want to have the feeling they lose control over the search process because the ranking
of the search results is not stable or not predictable.

Our position

The lack of methods for transparent personalized professional search is a gap that should be addressed in IR
research. We argue that it is time to change the classic query-based paradigm of information
retrieval and move towards environments that allow users to explore their own knowledge, iden-
tify the knowledge gap, explore the surrounding content and finding the hooks where the new
information should be attached.

For that purpose we propose the concept of the professional knowledge graph, an automatically deduced knowl-
edge graph of terms and documents that are relevant to the individual user. Graphs are a natural and transparent
means of representing knowledge [6]. A graph-based search paradigm enables and stimulates the exploratory
search behaviour for complex information needs that are inevitable in professional work environments [15].

In the remainder of this paper we first define the aims and objectives for transparent personalization in
professional search (Section 2). In Section 3 we give an outline of prior and related work. In Section 4 we outline
the research topics that need to be addressed in order to meet the aims and objectives. We conclude our paper
with recommendations in Section 5.

2 Future aims and objectives

Successful personalized professional search relies on transparent and explainable IR: opening up the black box of
the search algorithm and making the user’s knowledge the central component of the search experience. To that
end, three research challenges need to be addressed:

1. to create a human and machine understandable representation of the knowledge of the user. Methods should
be developed to deduce the user’s professional knowledge graph from his searching and reading history.

2. to utilize the user’s knowledge graph for more effective information retrieval. Methods should be developed
to utilize the information in the graph by an existing retrieval system to better rank the relevant documents
for the user.

3. to do this in a transparent way.

Figure 1 illustrates how we envision the professional knowledge graph in a search engine interface.

3 Prior and related work

User profiling in domain-specific search. Approaches to user profiling and personalization typically learn
user preferences by collecting queries and clicked documents [28]. A rich user profile can be learned by extracting
prominent terms from the clicked documents and storing them in a term profile [43, 41]. The term profile can
then be used for re-ranking search results [29], for query disambiguation [42], query expansion [48], or query
suggestion [22, 46]. Often, the extracted information is linked to a reference ontology [39, 10].

Although all these works report an improvement of personalization over the non-personalized baseline, the
actual implementation of personalization strategies in search environments is limited: on average, only 11.7% of
Google Web Search results show differences due to personalization [13]. This is because users are wary when it
comes to personalization. Privacy-preserving personalization is an important societal topic [32, 20]. As such, a
crucial step in the development of privacy-secure systems is to make the system transparent and explainable [16].
Recently, explainable methods have found their way to the field of recommendation and search [2, 7]. It is
important for users to have insight in the data that is stored by the search engine [47] and to understand the
influence of their personal data on the search results. Transparent/Explainable IR was also addressed as a
discussion topic during the Third Strategic Workshop on Information Retrieval [8], indicating its importance for
the research community.
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Figure 1: A personal graph-based search interface with a query field, the professional knowledge graphs, and
relevant documents connected to the knowledge graph

Knowledge graphs in IR. The use of knowledge graphs for text processing and information retrieval has
gained attention from the research community in the past years [1, 3, 12]. Knowledge graphs have been shown to
be especially helpful in exploratory search [37, 38], and to model the semantic relations between documents [34].
When knowledge graphs are combined with search logs they give insight in the user’s facts and beliefs of the
search topic [14]. Most previous works in graph-based search use an external knowledge graph covering all
domain knowledge. A graph representing the knowledge and interests of one user, is much smaller than a graph
representing the complete index of a search engine [5] and can be stored locally (client-side), if privacy regulations
require it.

Data for user profiling in domain-specific search. An important gap for learning and evaluating
user profiles for professional search is that there are no data sets available that contain explicit descriptions of
information needs and background knowledge, together with search activity data and relevance judgments.

An important example was set by the iSearch data set [24]: this collection contains 65 personal information
needs (topics) described by 23 physics scientists. The iSearch dataset is unique in size and richness of the topics;
it provides a valuable test bed for domain specific search. However, for experiments on user profiling the iSearch
data lacks an important component: user interaction data corresponding to the topic, i.e. issued queries and
clicked documents in a search engine.

4 Research proposal

In this section we propose a line of research that addresses the need for transparent personalized search in
professional contexts. The research line consists of four steps, which will each be addressed in the following
subsections:

1. Data collection;

2. Methods for constructing professional knowledge graphs;

3. Methods for transparent personalization;

4. Evaluation protocol for transparent personalized search.
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Figure 2: Small part of a graph, with terms (t1,t2) and documents (d1,d2). This example was extracted from
the iSearch data with information needs of physics scientists.

4.1 Data collection

The first necessary step will be to collect personal information needs (topics) of professionals and link them to in-
dividual user interaction data. Like with the iSearch data, the topics can be collected by means of semi-structured
interviews and questionnaires with users of a professional search engine who agree to provide information needs
and give consent to storage of their interactions with the search engine. These users would be asked to describe
an information need, their background knowledge on the topic and the context of the work task (cf. [24]).

The search logs of the participants should then be collected from the back-end of the search engine. The
search logs consist of all issued queries and accessed documents, together with timestamps. The data could be
analysed semi-automatically, to split the search behaviour in search stages [15] and to map the information needs
to the actual search behaviour.

4.2 Methods for constructing the professional knowledge graphs

For graph construction, the main challenge is selecting those terms that constitute a good (informative) user
profile. Terms could be selected in three ways: keyword extraction from clicked documents, named entity
extraction from clicked documents and term extraction from queries. Documents, terms and user interactions
(clicks, reads) can then be stored as nodes in a heterogeneous weighted graph. The edges between nodes
might represent the similarity between two documents [34], the similarity between terms [31, 30], and the
representativeness of a term for a document (tf-idf weight). Figure 2 illustrates a professional knowledge graph
with an excerpt of a graph with two terms and two documents as nodes, and weights on the relations between
the nodes.

One additional challenge in storing the user profile is that there will be change in information needs over
the time (gradually or suddenly, because of diverging professional interests). The risk is that users will end up
searching their own filter bubble. Therefore, it is important to balance the exploitation of the user profile and
the exploration of new directions.

4.3 Methods for transparent personalization

Effectively utilizing knowledge graphs from sparse user data for effective information finding is probably the
most challenging research direction of the four.

In pilot experiments we explored how the professional knowledge graph can be used for better ranking the
retrieved documents given a user query using in a two-stage retrieval method [45] (thus, implementing the
professional knowledge graph in the current classic query-based IR model). Given a user query, the first step was
retrieval of the 1000 most relevant documents according to the default ranking algorithm in the search engine.
The professional knowledge graph was then utilized to re-rank (2nd stage) the 1000 documents, resulting in a
personalized ranking. The goal in the re-ranking (personalization) step was to estimate the personal relevance
of the retrieved documents, based on the knowledge in the graph. We did this by temporarily adding each
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candidate document to the user’s graph and computing their centrality. This is challenging in a heterogeneous
weighted graph with multiple types of nodes, edges and weights. We tackled this challenge by building on
methods for combining multiple node characteristics in one metric [33] and implement them in a learning-to-
rank framework [23, 9]. We obtained a small but significant improvement over the non-personalized baseline.

Future research with professional knowledge graphs should diverge from the classic IR model. Completely
new methods need to be developed for (1) browsing the professional knowledge graph, (2) assisting the user in
identifying their knowledge gap, (3) assessing the relevance of documents in the heterogeneous graph.

4.4 Evaluation protocol for transparent personalized search

The efficacy of the professional knowledge graph for personalized ranking could be evaluated in two ways: 1)
with a simulation using log data, and 2) with users.

For the data-centric evaluation, historical user queries and relevance assessments can be deduced from click
data [19] to set up interaction simulations [46] in order to measure the effect of personalized ranking compared
to the original, non-personalized ranking of documents.

For the user-centric evaluation, a demo interface needs to be developed in which the user can view his
professional knowledge graph and see the effect of the graph content on the document ranking. In a within-
subject setting, the classic view of the search engine (control setting) can then be compared with the personalized
search engine (experimental setting). Outcome measures should be: (1) how long do the users take to fulfil the
information need [18], to be measured using server-side logging measure; and (2) user satisfaction, do be measured
using a post-task questionnaire [44]. In the questionnaire, it should be evaluated (a) how satisfied the users are
with the answer; (b) how satisfied the users are with the usability of the interactive viewer for the task and (c)
how satisfied the users are with the transparency of the tool.

5 Conclusions and recommendations

In this position paper we have established the need for transparency in personalized professional search. We
have provided a brief overview of prior work, identified the gaps, and listed four research directions that need to
be explored to close the gaps.

In summary, we argue that:

1. Data collection is instrumental for research in professional search. Data sets with user-generated input are
sparse in the field, because user-centric research is time-expensive and target group users are not always
available to provide input. Work is needed to collect a truly user-centric dataset that includes both in-
formation needs and search engine logs. The data should be made available to other researchers in the
field.

2. Knowledge graphs provide a great potential to transparency and personalization in information search. Re-
search is needed to develop methods for constructing individual professional knowledge graphs and evaluating
those with expert users.

3. There is a large body of academic work on personalization, but personalization in professional search engines
is still limited, because transparency is essential for professional users. Research on professional search should
include transparency by design. The IR community should bring together research on professional search,
knowledge graphs, and explainable IR.

4. For the effective exploitation of the professional knowledge graphs, new methods need to be developed for
retrieval environments that are centred around the knowledge graphs.
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