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1. INTRODUCTION 
In Information Retrieval (IR) research interest has increased in 
extending the traditional bag-of-words approach to accommodate 
other features of documents than text words and exploit, for 
example, the document structure [e.g., 1] and links in and 
between documents [e.g., 5] to improve retrieval performance. 
The theory of polyrepresentation [2, 3] provides a theoretical 
background for how to exploit such features. In summary, the 
theory hypothesises that overlaps between different cognitive 
representations of both users’ information needs as well as 
documents can be exploited for reducing the uncertainties 
inherent in IR, and thereby improve the performance of IR 
systems. Two or more different cognitive representations pointing 
at the same documents is regarded as multi-evidence of those 
documents being relevant, and suggests to apply a principle of 
‘intentional redundancy’ [2] with the purpose of reducing the 
uncertainties by placing emphasis on overlaps between 
representations. Better results are expected when cognitively 
unlike representations are used, e.g., the document title (made by 
the author) vs. intellectually assigned descriptors from indexers. 
Based on the theory of polyrepresentation we propose the so-
called Boomerang effect as a method for retrieving scientific 
documents, with representations generated from 1) the structure 
of these documents as composed by the author(s) (i.e. title, 
abstract, introduction, methodology, (sub)sections, conclusion 
etc.), and 2) links, citations, intellectually assigned descriptors, 
etc. generated by other cognitive agents. A special matching 
function is used where bibliographic references from documents 
and citations to documents are used as index terms for matching 
documents with the query, resulting in an expansion of the 
initially retrieved set. The bibliometric aspects of the Boomerang 
effect were introduced in [4] along with detailed results from a 
pre-experiment testing the approach. In this paper we present the 
Boomerang effect from an IR perspective along with the main 
results from the pre-experiment, and develop the method from a 
purely Boolean approach to a best match approach. 

2. THE BOOMERANG EFFECT1 
The theory of polyrepresentation from IR is extended with 
methods from bibliometrics and scientometrics to generate the 
Boomerang effect. Studies from the operational online IR 
community have shown that using citation search strategies can 
yield high performance [e.g., 6], but these strategies typically 
require a user to select intellectually one or more seed documents 
at least a few years old that are relevant for the information need, 
and may have been cited subsequently – a situation not readily 

applicable to most IR research settings. The purpose of the 
Boomerang effect is to exploit the potentially high performance 
offered by incorporating link or citation information, and at the 
same time allow for queries formulated in natural language.  

In short, several sets of documents are retrieved using natural 
language queries in different cognitive representations (Fig. 1, 
step 1). From the retrieved sets of documents the references are 
extracted into a pool for each set, and distinct overlaps between 
these pools of references are identified (overlaps i-iv in Fig. 1, 
step 2). Following the theory of polyrepresentation and the 
principle of intentional redundancy only the references in the 
overlaps are used in the following, where, for each overlap, the 
set of documents that cite the references in the overlaps at step 2 
are retrieved (Fig. 1, step 3). Finally, the overlaps between these 
citing documents at step 3 are identified and used to order the 
documents in an overlap structure. The result of the Boomerang 
effect is the documents retrieved in step 3, and the overlap 
structure generated in step 3, where the documents are partially 
ordered in a number of overlap levels (OL). The hypothesis in the 
Boomerang effect is that the computed precision at OL3 will be 
greater than at OL2, which will be greater than at OL1 etc. The 
number of possible OLs in step 3 is determined by the number of 
sets in step 1 and the number of non-empty overlaps in step 2. 
Note that additional documents not present in step 1 may be 
retrieved in step 3, because they (co-)cite the same references. 1 
                                                                 
1 We use the boomerang as an analogy because of the loop made back in 
time and past research, returning to yield (ideally) high precision  
(See Fig. 1). 
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Figure 1: Example of the Boomerang effect with 3 
representations. At step 3, 4 sets of documents (I-IV) citing the 
references contained in the overlaps at step 2 (i-iv) are retrie-
ved, using the references as query terms. (Modified from [4]) 
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3. PRE-EXPERIMENT 
Three work tasks describing an information need were 
constructed in co-operation with a researcher at a hospital, who 
subsequently assessed the relevance of the retrieved documents. A 
query for each work task was constructed manually and submitted 
to four document representations (Title, abstract, identifiers and 
free-text) in Science Citation Index® (SCI), which resulted in an 
average of 88 documents per work task. The Boomerang effect 
was executed as detailed above, and returned 476 documents from 
SCI on average per work task at OL1-4, expanding the initially 
retrieved set considerably. A document in step 1 will also be 
retrieved in step 3 if at least one of its references is contained in 
an overlap at step 2 – 91% of the documents were retrieved in 
both steps in the pre-experiment. Due to the large number of 
documents retrieved not all could be assessed, and two samples 
were drawn: Table 1 shows the precision calculated for 135 
documents from step 1 also retrieved in step 3 (A), and for 143 
additional documents retrieved by the Boomerang effect (B). It 
can be seen at each OL that precision is greater than or equal to 
the OL below. This holds for both samples, as well as for each 
individual work task (not shown).  

Table 1. Precision calculated on overlap levels (OL) for  
sample A: 135 documents from step 1 also retrieved in step 3, 
and for sample B: 143 additional documents retrieved in step 
3. The figures cover all three work tasks (Modified from [4]) 

4. BEST MATCH BOOMERANG EFFECT 
The Boomerang effect can, as demonstrated above, retrieve 
documents that are potentially relevant, partially ordered in a 
number of levels. However, it does not rank the documents within 
a given OL because it uses a strictly Boolean approach. Below a 
best match Boomerang effect is proposed. 
In the Boomerang effect the bibliographical references extracted 
from the documents in step 1 (See Fig. 1) are in essence used as 
index terms, and may as such be weighted. The frequency of 
occurrence of a reference in a pool in step 2 can be normalised by 
the total number of references in that pool. As only references 
occurring in the overlaps in step 2 are considered each reference 
will occur in at least two pools and may therefore have several 
weights assigned. In accordance with the theory of 
polyrepresentation, that emphasises the importance of multi- 
evidence, these can be added into one, final weight for every 
reference in the overlaps in step 2. In Table 2 a matrix is shown, 
which maps the occurrences of five references (i1-5) in three pools 
(p1-3) as an example. Note that i5 is not assigned any weight as it 
occurs in one pool only. The references with associated weights 
can be used as weighted query terms in step 3 in an IR model that 
allows this, e.g., the vector space model. The result will be a list 
of documents with at least one of these references, ranked by how 
many and how heavily weighted references they contain. Using 

this approach the rigidity of the Boolean sets from the pre-
experiment has been broken down, and a single, continuous rank 
can be created by the Boomerang effect that may be compared to 
the performance of other best match systems. 

Table 2. Example of the calculation of weights for references 
in the overlaps at step 2, based on the occurrence of references 

(i1-5) in the reference pools (p1-3). 
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51−iforweightsFinal : 1,04 0,89 0,54 0,39 –  

5. CONCLUSION AND FUTURE WORK 
The potential of the Boomerang effect for yielding high precision 
and expanding the initial set has been indicated with data from a 
Boolean pre-experiment. A best match Boomerang effect is 
proposed with focus on weighting references based on their 
frequency of occurrence. Further work is presently being done on 
implementing and testing the best match approach with a high 
number of cognitive representations generated from a corpus of 
12,000 scientific full text articles in XML (The INEX collection – 
http://qmir.dcs.qmw.ac.uk/inex). 
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 Sample A Sample B 
 # documents Precision # documents Precision 

OL4 1 100,0 % 1 100,0 % 
OL3 5 100,0 % 10 80,0 % 
OL2 28 92,9 % 23 56,5 % 
OL1 59 72,9 % 68 39,7 % 
OL0 42 66,7 % 41 17,1 % 

 135 76,3 % 143 39,2 % 
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