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Abstract. Nowadays, human-computer information retrieval (HCIR) is one of
the most researched approaches, which applies human computer interaction
(HCI) in information retrieval (IR), especially for text retrieval. The involvement of human activity (i.e. intelligence) in the process of retrieval is an interesting and challenging aspect of HCIR, thus it takes an interactive character
with the purpose to improve user’s needs. A number of researchers and research
groups have conducted different experiments in this area. Innovative techniques
for determining relevant documents and navigating in a large and complex set
of full document results have been proposed. A novel approach based on focused retrieval for interactive identification of relevant document’s parts has
brought many improvements in this field. A special emphasis was placed on retrieving passages and XML elements from structured documents. Numerous
techniques for focused retrieval based on snippets, facets and relevance feedback have been presented recently, bringing advantages and a more realistic
scenario for text retrieval, but also a lot of open issues that need to be explored.
This paper surveys the fundamental characteristics of the HCIR, as well as the
focused HCIR, such as using passages and XML elements as retrievable units
from structured or pure textual documents, thus providing a basis for development of novel HCIR approaches for interactive text retrieval, as our main goal
in future research.
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1

Introduction

Information retrieval is researched paradigm more than a half century and it is related
to searching information and calculating how those are likely to be relevant for a user’s asked query [4], [21]. It is an automated process that includes: indexing, searching, ranking, retrieval and presentation of the relevant information, as shown in Fig. 1.
Usually, the searching is realized from very long and complex electronically stored
sets of information (digital knowledge), such as World Wide Web, document collections, libraries, and relational databases. The results in different format, ranked by
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their degree of relevance are presented to the user. The term results refer to documents containing text, images, videos, audios and their parts. The degree of relevance
is obtained as a result of a process implementing variety of probabilistic and statistical
functions [19], [21], [33-35], [39].

Fig. 1. IR process (inspired by: G. Marchionini, Toward Human Computer Interaction 2005
Lazerow Lecture, University of Washington)

Innovative techniques for information retrieval were developed through the years,
tested on different large document collections, as part of English and non-English
evaluation forums. One of the most challenging branches in the modern information
retrieval is human-computer information retrieval (HCIR). In this paper we describe
the progress of HCIR techniques, as well as focused HCIR techniques, for text retrieval in detail. We present the state of the art researches and explain future directions. This paper is organized as follows.
In Section 2, we survey the fundamental characteristics of HCIR, as well as various
proposed techniques. The evaluation metrics used to measure effectiveness of HCIR
systems are described in Section 3. Section 4 concludes the paper and shows future
research directions.

2

Human-Computer Information Retrieval

An interesting and challenging aspect of HCIR is the involvement of human activity
(HCI) in the process of retrieval (IR), thus it takes an interactive character and brings
real scenario of searching, as shown in Fig. 2. With purpose to improve user’s needs,
the interaction continues until the user finds the right information of his/her interest
by refining the originally proposed query [15]. HCIR concept has been introduced by
Marchionini G. [24] for the first time between 2004 and 2006. Nowadays, it has
evolved to stage where the user with action, perception and reflection is more involved in the relevant information seeking process [23], going beyond static queries
and standard representation of results.
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Fig. 2. HCIR process (inspired by: G. Marchionini, Toward Human Computer Interaction 2005
Lazerow Lecture, University of Washington)

2.1

HCIR Techniques

Intersection between HCI and IR is subject of many researchers and research groups,
such as Workshop on Human-Computer Interaction and Information Retrieval 1 ,
INEX2, CLEF3 and TREC4. New and powerful techniques for determining relevant
documents and navigating in large and complex set of full document results have been
proposed [22], [40]. A novelty approach based on interactive identification of relevant
document’s parts has brought many improvements in this field. A special emphasis
was placed on retrieving passages and XML elements from structured documents,
based on snippets, facets and relevance feedback/query expansion [5], [12]. All these
techniques aim to effective and efficient interaction process without unnecessary costs
of time, minimal mouse clicks or scrolling and context changing.
Faceted retrieval.
Given a query containing one or more terms, the information retrieval system returns an ordered list of ranked relevant results. Usually, that list is very long and user
finds difficulties to navigate through it. Faceted search provides interactive hierarchical search and enables users to quickly determine the desired results. It means that
user can browse in the categorized list of relevant results, refine the query and narrow
down new different relevant results proposed by the system. The categories are also
known as facets and the values they contain are facet-values [21]. The advantage of
faceted search is the opportunity users to choose relevant results from those categories
that are closest to their needs and way of thinking [3-5], [12]. The research challenge
is to investigate, introduce and evaluate new effective and efficient approaches for
facets and facet-values formulation.

1

http://www.hcir.info/
https://inex.mmci.uni-saarland.de/data/links.jsp
3
www.clef-campaign.org
4
trec.nist.gov
2
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The Relational Browser called RB was for the first time introduced Marchionini G.
et al. [22]. It is an approach that provides a list of relationships among attributes in an
information space, which helps users in full text information seeking. For better and
effective browsing, simple interactive information manipulation is implemented. It
underwent several changes [40]. The authors have developed a novel interface, called
RB++, where the faceted search plays the main role, allowing users explore relationships among facets and refine the original query by simple mouse actions on the facets and facet-values.
Ramirez G. [5] has experimented with large and highly structured document collection of IMDB5 documents on Indri6 search engine. Fixed set of facets were used,
according to the collection DTD7. The facet-values were presented on hierarchical and
non-hierarchical way. A non-hierarchical presentation means that all the facet-values
are at the same level. As opposite, a hierarchical presentation is related to granularity,
thus there are nested facet-values in three hierarchical levels.
Schuth A. et al. [5] also used the large and complex IMDB document collection.
Limited numbers of facets covering not unique facet-values from a single document
were defined. Each facet has name and an XPath 8 expression by which the facetvalues can be retrieved. Two strategies for facets formulation were developed. The
ranking of the facet-values in the both cases is based on hits that would be the result if
the facet-values were selected.
There have been a number of studies that have examined faceted search on mobile
web devices, such as that described by Capra, R. et al. [7]. Also different design patterns for mobile faceted search have been proposed9. Still there is an open question if
faceted navigation is well-suited for the small screen.
Snippet retrieval.
Among the list of relevant returned results, there are also some irrelevant results
that don’t satisfy user’s needs. Showing short summary of the result is another way
for helping users to easily decide whether or not the result is relevant, without needing
to view the result itself, because the summary is in more human-consumable form.
The summary is called snippet. Usually, snippets are automatically generated from the
result. They can be extracted as a block of text containing one or more sentences [6],
[8] and [13], and a paragraph or several successive paragraphs from the result. In
terms of size, the snippet can have fixed or variable length where the length is expressed as number of characters, words, lines or bytes. If the results have logical
structure, the snippets can be formed with different kind of grouping elements. There
are two types of snippet generation, static and dynamic [21]. The first one is not related to the query. The second one is query dependent and follows the users’ needs [36],
[38]. Also, metadata associated with the document as result can be used for snippet
5

http://imdb.com
http://www.lemurproject.org/indri/
7
http://www.w3schools.com/dtd/default.asp
8
http://www.w3schools.com/xpath/
9
http://www.uxmatters.com/mt/archives/2010/04/
6
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formulation. The research question is how to generate snippets to provide sufficient
information for maximizing effectiveness and efficiency of the search process.
The preliminary results in [5] showed that poor snippets cause the users to miss
over than 50% of relevant results. Also, the percentage of non-relevant documents
that are correctly assessed was very high, indicating that snippets are useful in nonrelevant documents determination.
The evaluation in [36] and [38] have shown that use of query dependent snippets
brought many improvements in terms of speed, precision and recall than the use of
query independent snippets.
Efficiency was main goal in [37], where also query dependent snippets were generated from results pages presented by search engines. The authors have proposed
document compression method that significantly speeds up the snippets generation.
Also, it was shown that snippets are generated faster if documents were previously
cashed in the RAM.
Huang Y. et al. [14] presented eXtract, a system that efﬁciently generates snippets
from XML structured documents. They identified that a good snippet should be a selfcontained meaningful information unit of a small size that eﬀectively summarizes the
query result and diﬀerentiates it from others, according to which users can quickly
assess the relevance of the query result. For that purpose, they have developed a new
effective and efficient algorithm.
Leal L. et al. [5] experimented on Wikipedia10 document collection and snippet
generation was based on selecting highly ranked sentences, ranked according to the
frequency of query terms. Also the title of the document was concatenated to the sentences in the snippets. Snippets had limited length of maximum 300 characters, depending to the document length. They expanded the original queries with query expansion technique, and main conclusion is that a large number of extra terms negatively influences on sentences selection.
Rongmei Li et al. [5] ranked the Wikipedia documents with the Language Model
[39] and snippets are generated from the ranked list of relevant results. The snippets
were term-extracted. Each term was weighed according its relative occurrence in the
document and in the entire document collection. The top K scoring terms in two different clusters were chosen to form the snippet. One is a cluster containing only terms
(words) that don’t have any relationship between each other. Another is a cluster that
contains semi-sentences related to the query.
Wang S. et al. [5] used Vector Space Model [19] for searching and ranking Wikipedia documents, based on structure and content. The authors also expand the query
with query expansion techniques. For snippet generation they used query relevance,
significant words, title/section-title relevance and tag weight to evaluate the relevance
between sentences and query. The sentences with higher score formed the snippets.
Relevance feedback.
Query refinement is core process in relevance feedback task, realized in order to
improve retrieval performances. Information retrieval system fully automatically or
10

http://www.mpi-inf.mpg.de/departments/d5/software/inex/
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with user’s help can refine originally proposed query, depending of ranked results
proposed by the system [1], [30]. There are three types of feedback: explicit, implicit
and blind or “pseudo” feedback [21]. The explicit feedback is characterized by user’s
involvement in the retrieval process. It is an interactive process where user marks
relevant and non-relevant returned results for his/her asked query and the system reranks unseen results and returns new list of results, closer to his/her interests. The
implicit feedback is related to user’s behavior, thus results that are more often viewed,
scrolled, clicked, saved and printed are considered to be more relevant [18], [25]. The
main difference between implicit and explicit feedback is that the user doesn’t asses
the results and give any addition effort, but he/she on indirect passive way influences
on the feedback. The blind or “pseudo” feedback is a fully automated approach where
information retrieval system simulates user’s activity and does standard information
retrieval. It retrieves a number of relevant results, and supposes that top K results of
them are most relevant to the user’s asked query, influencing on the feedback. Mechanisms for improving relevance feedback retrieval are interesting to explore.
Rocchio algorithm is method that implements relevance feedback using Vector
Space Model [19], proposed by Rocchio, J. J. [29], around 1970. By query refinement
an arbitrary percentage of relevant and non-relevant results tends to increase the information retrieval system’s recall, and possibly precision. This scenario is optimal
when the angle between the refined query vector and result vector is smaller, thus the
similarity is maximized with relevant documents and minimized with non-relevant
documents [21].
Kelly D. et al. [18] have continued the work of Morita M. et al. [25], experimenting with implicit feedback, in context of these hypotheses: Users will spend more
time reading those documents that they find relevant, Users will scroll more often
within those documents that they find relevant, and Users will interact more with
those documents that they find relevant.
Lv Y., et al. [20] have proposed new effective pseudo relevance feedback approach,
named positional relevance feedback, based on positions of query terms in feedback
documents. Their experiments were conducted using full document feedback and
passage feedback.
Allan J. [2] has developed a hybrid approach for relevance feedback retrieval from
large documents. The idea was to use passages in relevance feedback task only where
necessary. It means that full short documents in combination with passages from long
documents in relevance feedback, produce for more effective retrieval.
Query reformulation may be a difficult and time consuming activity [21], thus fully
automatic relevance feedback information systems were proposed and evaluated on
[5], [21]. They have developed simulated exhaustive incremental user feedback [1].
Many proposed algorithms for focused retrieval based on passages and XML elements feedbacks went far beyond Rocchio feedback algorithm [5], [12].
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On the Methodologies for HCIR System Evaluation: Issues
and Prospects

Usually, the metrics for evaluating the effectiveness of a standard information retrieval system [27] use the widely accepted Cranfield methodology [10], including document collection, queries and relevance judgments in the evaluation process [21]. They
are based on a set of measures, such as precision, precision @ K, recall, F-Measure,
Mean Average Precision (MAP) and Discounted Cumulated Gain (DCG) [4], [9],
[27].
In faceted search, the relevance of the data covered by facet-value can be measured
with Normalized Discounted Cumulated Gain (NDCG) as a DCG variant for calculating relevance for all queries [5]. For the first time, NDCG was introduced by Järvelin
K. et al. [16], and modified in two variants: normalized NDCG and recursive NDCG
by Schuth A. et al. [32]. Also, Interaction cost is used to measure effectiveness of a
faceted retrieval system, based on user-computer interaction evaluation in information
seeking process [5]. It is measured as the number of results and facets that the user
examined before he/she encounter the first relevant results. Usually, the interaction
process is simulated in order to avoid expensive user study and make user study repeatable [17, 32].
There is a pallet of measures for snippet retrieval evaluation. Overwijk A. et al.
[26] have employed measures based on the standard precision and recall, modified in
terms on spans and nuggets. Comparison of relevance assessments based on whole
documents vs. short snippets was introduced by Bellot P. et al. [5]. They have proposed a measure for calculating how effective snippets were in the retrieval process
satisfying user’s needs, called Mean Prediction Accuracy (MPA). Its averaged variant
over all topics is called Mean normalized prediction accuracy (MNPA). Negative
recall (NR) is the percentage of irrelevant documents correctly assessed, averaged
over all topics. Also, Bellot P. et al. [5] have used Geometric Mean of recall and negative recall (GM) for snippet retrieval evaluation. Different approaches for evaluation
of web search snippets at Yandex, a powerful Russian web search engine were surveyed and experimented by Savenkov D. et al. [31].
Ruthven I. et al. [30] gave a review of evaluation methods for relevance feedback,
intended to measure the effect of feedback on the unseen relevant documents. The
first one is Residual ranking, where the documents used in relevance feedback system, are removed from the document collection before evaluation. That includes the
relevant and some non-relevant documents. Precision and recall are calculated on the
remaining (residual) document collection. The second one is Freezing, where the
initially top ranked documents are “frozen”, the ones used to modify the query. The
relevance feedback system performs ranking again the remaining documents, and the
precision/recall evaluation is conducted on the entire document collection. The third
one is Test and control groups, where the document collection is randomly partitioned
into two equal groups, the first used to train the relevance feedback system and the
second used to evaluate the system. With simulated exhaustive incremental user feedback proposed by Bellot P. et al. [5] and Geva S. et al. [12], the approach for evaluation was extended in several ways, relative to traditional ad-hoc evaluation with
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standard precision/recall measures based on Cranfield methodology. It gives exhaustiveness on the evaluation process, thus it becomes reliable and less dependent on the
specific search engine in use. Here, there is an evaluation platform where evaluation
is performed over executable implementations of relevance feedback algorithms rather than being performed over result submissions.
With HCIR popularization the need of new and different measures has occurred.
Despite the information retrieval evaluation, user’s effort in the interaction process
should be considered and evaluated. Our point of view is that, despite described automated measures, the complex process of HCIR evaluation could be solved with a
range of different methods based on user behavior, such as eye-tracking [11, 31],
manual evaluation [31], and click-through mining [28]. The aim of all the developed
and effectively evaluated approaches in the HCIR field is the improvement of searching quality. Nevertheless, we note that they can be used in the process of discovering
how people search, thus different information retrieval systems should be built.

4

Conclusion

The major work realized so far in the field of HCIR is investigated in this paper. We
have surveyed and explained several techniques that involve human effort in the
searching process, such as facets, snippets and relevance feedback. Existing approaches for effective and efficient retrieval have been summarized and various research challenges examined in detail, such as retrieval of document’s parts rather than
whole documents. Thus, our contribution is to present altogether the problems and
solutions in the domain of the HCIR paradigm as a base for further research steps,
such as development of novel improved HCIR approaches for interactive text retrieval
and experimenting with them on both English and Macedonian document collection.
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