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Abstract 
This paper reports on findings from a larger 
study that was designed to assess the effective-
ness of MeSH (Medical Subject Headings) terms 
when used by different types of searchers in an 
interactive search environment. Specifically, the 
impact of individual differences of domain 
knowledge and search expertise on querying be-
havior and user search performance is assessed, 
using the search logs from an interactive infor-
mation retrieval experiment. The results show 
that there are significant differences in query re-
formulations characterized by the time spent and 
number of query iterations. From both single 
query and session-based perspectives of evalua-
tion strategy in evaluating queries over search 
sessions, it establishes the correlation between 
the individual difference and the user search per-
formance. More importantly, search novices have 
not benefited from query reformulations in 
searching relatively difficult search topics for ad-
hoc search tasks in terms of the precision meas-
ure. Implications for interactive information re-
trieval system evaluation are discussed. 

1 Introduction 
Query reformulation is the user’s articulation of informa-
tion needs after the initial search. It has been considered 
an important component in information retrieval (IR) sys-
tems because users have problems formulating queries to 
represent their information needs [Belkin et al., 1982]. It 
is also recognized that user queries are underspecified in 
the sense that they are typically very short representations 
of complex information needs [Jansen et al., 2000].  

Previous research in query reformulation has focused 
on automatic query expansion in which user queries were 
augmented, using different sources and identification 
methods of expanding user queries and the use of various 
retrieval models, e.g. [Efthimiadis, 1996; Salton and Lesk, 
1968; Srinivasan, 1996]. Recent research on query 
reformulation techniques has been concerned with build-
ing up user models from query logs and click data in the 
Web search environment, e.g. [Huang and Efthimiadis, 
2009; Moore et al., 2011]. The evaluation of these tech-
niques, however, has not focused on the cognitive or be-
havioral aspects of user queries, and more importantly, to 
what extent these techniques have improved user search 
performance over entire query sessions. 

From a user perspective, previous research has been 
concerned with user search behaviors by characterizing 

the patterns of query reformulation [Jansen et al., 2009; 
Liu and Belkin, 2008; Rieh and Xie, 2006] and examining 
the user’s selection of query terms [Wacholder and Liu, 
2006, 2008]. These studies have suggested that properly 
implemented automatic query expansion devices in gen-
eral improve system performance, but the improvement 
partly depends on the treatment of user queries. For inter-
active query expansion, there is evidence that ordinary 
users are unable to identify useful terms for retrieving 
more relevant documents [Ruthven, 2003]. To better sup-
port query reformulation tasks, it is important to specifi-
cally consider the impact of individual differences on 
query reformulation behavior and user search perform-
ance. 

This paper reports on findings from a larger study that 
was designed to assess the effectiveness of MeSH (Medi-
cal Subject Headings) terms when used by different types 
of searchers in an interactive search environment [Liu, 
2009]. In this paper the impact of individual difference, 
specifically domain knowledge and search expertise, on 
query reformulation behaviors and user search perform-
ance is considered from a single query and session-based 
perspectives of query evaluation, see e.g., [Jarvelin et al., 
2008; Price et al., 2009]. In one sense, this study exempli-
fies an integrated research approach in which the context 
of information seeking and retrieval, specifically the hu-
man actors and search tasks, are being considered in an 
interactive IR experiment [Ingwersen and Jarvelin, 2005]. 

The present study aims to provide answers to the fol-
lowing research question: 

1. What are the characteristics of queries formulated by 
different types of searchers? 

2. Does individual difference, exemplified by domain 
knowledge and search expertise, have an impact on 
search performance in query reformulations for ad-
hoc search tasks? 

2 Related Work 
It is well recognized that query reformulation is an impor-
tant component in IR system design in part because users 
have problems articulating their information needs and 
tend to issue very short queries in their interactions with 
IR systems [Belkin et al., 1982; Jansen et al., 2000]. 

Researchers have implemented several ways of aug-
menting user queries automatically by using indexing 
thesauri or dictionaries [Salton and Lesk, 1968; 
Srinivasan, 1996]. Since the expanded terms are not pre-
sented to human searchers for search term selection, most 
studies in this area have focused on the usefulness of vari-
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ous techniques of term augmentation in retrieval effec-
tiveness-based laboratory evaluations. 

The test design and methodology following the Cran-
field paradigm has culminated in the TREC (Text RE-
trieval Conference) activities since the 1990s [Harman 
and Voorhees, 2006]. Besides the standard ‘ad hoc’ search 
tasks, the tracks within the TREC Conference are de-
signed to encourage new research areas; different tracks 
are performed each year as researchers’ interests change 
or more important questions are raised [Voorhees and 
Harman, 2005]. The introduction of Interactive Track in 
1992 has demonstrated interests in user interaction with 
IR systems. In addition to the design and development of 
methodology for studying user behavior, there have been 
some interesting studies comparing manual and interac-
tive query modes, see e.g., [Dumais and Belkin, 2005] for 
a nice summary of interactive track studies. However, in 
interactive IR studies it is difficult to find significant dif-
ferences in user performance because of the variability 
involved in search tasks and individual differences. 

In IR for specific domains, several automatic query ex-
pansion studies that used the MEDLINE collection and 
associated controlled vocabulary MeSH terms have shown 
that properly implemented search systems with automatic 
query expansion can improve search performance, but the 
magnitude of improvement depends on the treatment of 
user queries, source and identification method of ex-
panded terms and retrieval models [Abdou and Savoy, 
2008; Ijzereef et al., 2005; Lu et al., 2009]. More impor-
tantly, since these studies do not specifically consider user 
behavior of query formulation or reformulations, the im-
provement in system performance in laboratory settings 
may not translate into user search performance in realistic 
situations, see e.g., [Smith and Kantor, 2008; Turpin and 
Hersh, 2001] for further discussions about the discrepancy 
between system and user performance. 

Another line of research concerning user interactions 
with automatically suggested terms, namely interactive 
query expansion, has investigated users’ selection of ex-
panded terms and their perception of the semantic rela-
tionships of those terms. For example, a study of term 
selection behavior using the INSPEC database showed 
that 66% of the term relationships between original query 
terms and the best five terms users selected from the 
ranked list, are hierarchically related [Efthimiadis, 2000]. 
In a study that examined user term selection behavior of 
expansion terms that were automatically extracted from 
the top 25 retrieved documents [Ruthven, 2003], it was 
found that users were not always able to identify the se-
mantic relationships between query terms and expansion 
terms. In particular, users were not always able to identify 
semantic relationships useful for retrieving more relevant 
documents. Another related study suggested that users 
were not consciously aware of the difference between two 
lists of terms with hierarchies, even though accessing the 
hierarchies reduced user efforts and increased the chance 
of finding relevant documents than the baseline system 
[Joho et al., 2004]. 

From a user perspective, some researchers have been 
concerned with the evaluation of displayed index terms, 
traditionally called index languages, within an interactive 
information access system. For example, [Wacholder and 
Liu, 2006, 2008] specifically compared the usefulness of 
query terms for question-answering tasks in a book. Be-
cause the design of search interface forced users to di-

rectly access the text by a list of displayed index terms 
created by different methods (one by human indexer and 
the other two by computer programs), this study was able 
to compare user preference and search effectiveness of 
query term languages. 

In the Web search environment researchers have used a 
large set of query logs and click data to model user query 
reformulation behaviors, see e.g. [Huang and Efthimiadis, 
2009; Moore et al., 2011]. Drawing from large-scale Web 
user interaction logs, research has demonstrated that the 
user characteristics of domain knowledge and search ex-
pertise make a difference in the queries issued and search 
success [White et al., 2009; White and Morris, 2007], 
although the user’s levels of domain knowledge was in-
ferred from search behaviors. 

From a methodological perspective, a longitudinal 
study of interactive query expansion has showed that do-
main experts’ selection of expanded terms from a thesau-
rus improves search effectiveness [Sihvonen and Vakkari, 
2004]. The relationship between query reformulation and 
search success, as measured by user satisfaction and dis-
counted cumulated gain (DCG) based evaluation measure 
over search sessions, has been investigated in interactive 
IR experiments [Jarvelin et al., 2008; Price et al., 2009]. 
However, the impact of individual differences on user 
search performance in query reformulations remains un-
clear in controlled IR user experiments. 

3 Methods 
This study employed user-oriented evaluation methods for 
IR systems. Using an experimental IR system, four differ-
ent kinds of information seekers participated the study: (1) 
search novices (SN); (2) domain experts (DE); (3) search 
experts (SE) and (4) medical librarians (ML). The infor-
mation needs were a subset of the relatively difficult top-
ics originally created for the TREC Genomics Track 2004 
[TREC Genomics Track, 2004]. 

Participants searched either using a version of the sys-
tem in which abstracts and MeSH terms (MeSH+ version) 
were displayed or another version in which they had to 
formulate their own terms (MeSH− version). Effective-
ness of retrieval was measured using the relevance judg-
ments provided by TREC. 

3.1 Experimental Design 
The experiment was a 4×2×2 factorial design with four 
types of searchers, two versions of an experimental sys-
tem (MeSH+ and MeSH−) and controlled search topic 
pairs. To alleviate search topic variability, 20 search top-
ics (10 pairs) were used in this IR user experiment by 
Graeco-Latin square balanced design [Fisher, 1935]. Each 
topic was searched 16 or 20 times in total. Despite the use 
of relatively large number of search topics in an IR user 
experiment, search topics still had overriding effects on 
retrieval effectiveness. More detail on alleviating search 
topic variability through experimental design in interac-
tive IR experiments is provided in the earlier work [Liu 
and Wacholder, 2010]. 

3.2 Participants 
Thirty-two participants (eight for each type of searchers) 
searched four topics each with two search interfaces. The 
levels of domain knowledge and search expertise distin-
guished the four types of searchers, as illustrated below 
(Figure 1): 
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Searcher Type Domain 
Knowledge 

Search 
expertise 

Search Novice (SN) − − 
Domain Experts (DE) + − 
Search Experts (SE) − + 
Medical Librarians (ML) + + 
Note. Plus (+) and minus (−) indicate the high-level and low-
level of the specified searcher characteristics respectively. 

Figure 1. Four types of searchers categorized by domain 
knowledge and search expertise 

The four kinds of searchers were operationalized as fol-
lows: 

1. Search Novices (SN). Undergraduate students with-
out formal training in online searching courses and 
without advanced knowledge in biomedical do-
main. They are undergraduate students who are not 
biology majors. While many of these students are 
experienced and heavy Web users, they are not ex-
pected to have in-depth understanding about online 
bibliographic databases. 

2. Domain Experts (DE). Graduate students in a bio-
medical domain, i.e., biology or medicine. DEs did 
not have formal training in searching, such as on-
line searching courses. 

3. Search Experts (SE). Graduate students enrolled in 
Master of Library and Information Science (MLIS) 
programs who had previously taken online data-
base searching or other related courses and did not 
have advanced knowledge in biomedical domain. 
SEs had not majored in biology and did not have a 
Master degree or above in any biomedical field. 

4. Medical Librarians (ML). Medical librarians spe-
cializing in online searching services. The domain 
knowledge is defined by formal education in bio-
medical areas or more than two-year experiences 
of working in medical libraries. 

3.3 Experimental System 
The experimental IR system was built on the Greenstone 
digital library software and constructed as Boolean-based 
system with ranked functions by the TF×IDF weighting 
rule [Greenstone, 2006]. The search engine MGPP 
(MG++) was used as indexing and querying indexer 
[Witten et al., 1999]. MeSH terms were not specially 
treated in retrieval and they were added to search indexes. 
Since the goal was to investigate the usefulness of dis-
played MeSH terms, certain system features that allow 
users to take advantage of the hierarchical structures of 
MeSH terms, such as the hyperlinked MeSH terms, ex-
plode function that automatically includes all narrower 
terms and automatic query expansion, were not imple-
mented.  

The search user interface was constructed as presenting 
a list of 20 document records, with thumbnails of display-
ing the full-text of bibliographic records and a pagination 
features at the bottom. The test collection consisted of 
3,442,321 documents, approximately 75% of the TREC 
2004 Genomics Track document set, excluding records 
without abstract or MeSH terms.  

3.4 Search Task 
The search task was ad-hoc search in which users were 
asked to conduct searches on behalf of other users to find 
as many relevant documents as possible on topic. Partici-
pants were instructed to formulate the best query within a 
search session. The search topics covered a range of ge-
nomics topics typically asked by biomedical researchers. 

The search topics used in this study were originally 
created for TREC Genomics Track 2004 for the purpose 
of evaluating the search effectiveness of different retrieval 
techniques. Besides a unique ID number for each topic, 
the topic was constructed in a format that included the 
title, need and context fields (Figure 2). The title field was 
a short query. The need field was a short description of 
the kind of material the biologists are interested in, 
whereas the context field provides background informa-
tion for judging the relevance of documents. The need and 
context fields were designed to provide more search terms 
for system experimentation purposes. 

 
ID: 39 
Title: Hypertension 
Need: Identify genes as potential genetic risk factors 
candidates for causing hypertension. 
Context: A relevant document is one which discusses 
genes that could be considered as candidates to test in 
a randomized controlled trial which studies the ge-
netic risk factors for stroke. 

Figure 2. Sample search topic 

Each search topic was allocated up to ten minutes. To 
keep the participants motivated and reward their effort, 
they were asked to orally indicate which previous search 
result would be the best answer when the search task was 
not finished within ten minutes. The last query iteration 
within the time limit was used for calculating search per-
formance. Search logs that recorded search terms, a 
ranked list of retrieved documents, and time-stamps were 
recorded for data analysis. 

3.5 Data Analysis 
Given that this study is based on a factorial experimental 
design concerning the effects of system, searcher and 
topic, a linear fixed-effects model was constructed to fit 
the data. The Graeco-Latin square design controlled three 
sources of variation: four types of searchers, two versions 
of a system and 10 search topic pairs. The unit of analysis 
is search sessions (32 searchers × 8 topics = 256 sessions). 
The search performance calculated by the last query 
within each session in terms of the precision and recall 
measures was presented in [Liu and Wacholder, 2008; 
Liu, 2009]. 

To better understand query reformulation behavior 
from a system perspective, this study further evaluated the 
queries over search sessions. The precision-oriented 
measure of DCG (discounted cumulated gain) was calcu-
lated using trec_eval program version 9.0 for all the que-
ries submitted to the system [Buckley, 2011]. In this study 
graded relevant judgments were not used in the calcula-
tion of DCG. 

The session-based DCG (sDCG) was produced by the 
following formula, as suggested in [Price et al., 2009]: 
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where i is the ith ranked search result, bq is the log base 
used for session-based discounting, q is the position of the 
query in a search session. As noted in [Jarvelin et al., 
2008], there was no theoretical justification for the value 
of chosen bq. In this user experiment the bq value of 10 
was used to simulate very patient searchers. The position 
q of the best query was determined by the highest AP (av-
erage precision) in a search session. As such, the best 
query was not always the last query or the query that users 
consider to be the best within a session. 

From a user perspective, the improvement of search 
performance by query reformulations within one search 
session was calculated by comparing the results of the 
first and last query iterations in terms of the precision 
measure, because the last query was user-perceived best 
query. 

4 Results 
The overall results suggest different search behaviors 
among the four types of searchers. DEs spent significantly 
more time and issues more queries than SEs. Using vari-
ous measures of the DCG and sDCG of best query and the 
precision of last query, it was found that the differences in 
search effectiveness between DEs and SEs searching on 
MeSH+ version have similar results. Comparing the im-
provement in search effectiveness in terms of the preci-
sion measure between initial and last searches, SNs did 
not benefit from query reformulations in searching rela-
tively difficult search topics. 

4.1 Search Effort by Time Spent and Query It-
erations 

The participants were very engaged with assigned search 
tasks. They spent on average eight minutes for each 
search task, with maximum of ten minutes allowed (M = 
485.3 secs, SD = 132.2 secs, N = 256). Search interfaces 
did not make a difference in the time spent (ANOVA, 
F(1, 254) = 2.77, p > .05). However, the time spent by 
searcher types was statistically significant (ANOVA, F(3, 
252) = 3.47, p < .05). Further analysis showed that DEs 
spent significantly more time than SEs (Tukey HSD, p < 
.05). There were significant differences in the time spent 
by searcher types across search interfaces (ANOVA, F(7, 
248) = 2.41, p < .05). Further analysis indicated that the 
time spent by DEs using MeSH+ was longer than SEs 
using MeSH− (Tukey’s HSD, p < .05). 

The user’s querying behavior as measured by query it-
erations is an indication of search effort. The results 
showed that searcher type makes significant differences in 
the number of query iterations (ANOVA, F(3, 252) = 
4.69, p < .01). But the search interface alone did not make 
a difference (ANOVA, F(1, 254) = 0.41, p > .05). More 
specifically, DEs produced significantly more query itera-
tions than both SNs (Tukey’s HSD, p < .05) and SEs  
(Tukey’s HSD, p < .05) did. Further analysis indicated 
that DEs issued significantly more queries than SNs when 
they searched MeSH+ version (Tukey’s HSD, p < .05) 
(Table 1). 

4.2 Query Term Characteristics 
To understand the search processes and gain more insight 
into the search outcome, we measured and compared the 
quantity and distinctiveness of query terms by different 

types of searchers. The overall results indicate that 
searcher types made significant differences in the number 
of terms per search session and in the number of unique 
terms per search session. 

Number of terms per search session 
Searcher types made a significant difference in the total 

number of terms per search session (ANOVA, F(3, 252) = 
3.82, p < .05). More specifically, DEs used significantly 
more terms than SNs did (Tukey’s HSD, p < .05). There 
was also a significant interaction effect between searcher 
type and system version (ANOVA, F(7, 248) = 2.42, p < 
.05). DEs used significantly more terms than SNs did 
when they searched MeSH+ version (Tukey’s HSD, p < 
.05). This difference might be attributed to searchers’ 
level of domain expertise in which DEs were capable of 
drawing upon their domain knowledge and further explore 
the search topic, while SNs did not have sufficient knowl-
edge to make good use of MeSH terms. 

Number of unique terms per search session 
Searcher types made a significant difference in the 

number of unique terms per search session (ANOVA, F(3, 
252) = 3.16, p < .05). More specifically, MLs used sig-
nificantly more unique terms than SNs did (Tukey’s HSD, 
p < .05). There was also a significant interaction effect 
between searcher type and system version (F(7, 248) = 
2.06, p < .05). MLs used significantly more unique terms 
than SNs did when they were offered MeSH+ version 
(Tukey’s HSD, p < .05). 

The greater number of terms and unique terms used by 
DEs and MLs respectively may reflect at least two factors: 
(1) DEs were able to draw on their domain knowledge in 
searches; (2) MLs were capable of using MeSH terms to 
expand their scope of finding potentially useful terms. 
SNs, without substantial biomedical knowledge and 
search training, used the least number of terms and unique 
terms when MeSH terms were offered. Table 2 summa-
rizes the results of query term characteristics by searcher 
types. 
 

 # of Terms per 
Search Session 

# of Unique 
Terms per 

Search Session 

System 
Version N.s. N.s. 

Searcher 
Type DE >> SN ML >> SN 

Searcher 
Type – 
System 
Version 

DE(MeSH+) >> 
SN(MeSH+) 

ML(MeSH+) >> 
SN(MeSH+)  

Note. >> means better at .05 level of significance; N.s. = 
no significant difference; SN = search novices; DE = 
domain experts; SE = search experts; ML = medical 
librarians; MeSH+ = MeSH+ version search system; 
MeSH− = MeSH− version search system 

Table 2. Comparison of query term characteristics 

 Time Spent # of Query Itera-
tions 

Overall 
Mean = 485.3 
secs/topic 
(~ 8 mins) 

Mean = 5.9 
Median = 5 
Max = 17 

System 
Version n.s. n.s. 

Searcher 
Type DE >> SE 

DE >> SE 
DE >> SN 

Searcher 
Type – 
System 
Version 

DE(MeSH+) >> 
SE(MeSH−) 

DE (MeSH+) >> 
SN (MeSH+)  

Note. >> means better at .05 level of significance; n.s. = 
no significant difference; SN = search novices; DE = 
domain experts; SE = search experts; ML = medical 
librarians; MeSH+ = MeSH+ version search system; 
MeSH− = MeSH− version search system 

Table 1. Comparison of search effort by time spent 
and number of query iterations 

LWA 2011, Magdeburg, Germany

194



 

 

4.3 Evaluation of Queries over Search Sessions 

Single query perspective: Average precision of best 
query 

In this study there were 32 users searching a total of 
eight topics in a session, which resulted in 256 search 
sessions and 1,510 queries. From a single query perspec-
tive, the results from average precision (AP) of best query 
indicated that there was a success rate of 91% (235/256) 
across all search sessions. A failed search session was the 
one in which the queries did not obtain any relevant 
document measured by AP. Approximately every one in 
three search sessions (81/256 = 32%) represented the in-
stances in which the best query was equal to the initial 
query, whereas about one in five search sessions (54/256 
= 21%) accounted for the instances in which the best 
query was equal to the last query. 

Single query perspective: DCG of best query 
The overall results from DCG of best query indicated 

that the system version or searcher type alone did not 
make significant differences in search effectiveness in 
terms of the DCG measure of various document cut-offs. 
DEs obtained better search results than SEs did when they 
both searched on MeSH+ version in terms of the 
DCG@5, DCG@10 and DCG@15 measures. DEs also 
did better than MLs in terms of the DCG@5 when 
MeSH+ version was offered (Table 3). These findings 
may be due to the fact that DEs had the highest level of 
domain knowledge among the participants and the effec-
tive use of MeSH terms in searches on relatively technical 
topics required domain expertise. 

Session-based perspective: sDCG of best query 
The session-based DCG (sDCG) of best query consid-

ers the position of best query and allows us to investigate 
the effect of query sequencing on search effectiveness 
(Järvelin et al., 2008; Price et. al., 2009). Similar to the 
results from DCG of best query, DEs obtained better 
search results than SEs did when they both searched on 
MeSH+ version in terms of the DCG@5, DCG@10, 
DCG@15, DCG@20 and DCG@30 measures (Table 4). 
DEs also did better than MLs in terms of the DCG@5 
when MeSH+ version was offered. Interestingly, the result 
from sDCG@20 in searcher type-system version compari-

sons was very similar to the precision of last query, as 
reported in [Liu and Wacholder, 2008; Liu, 2009]. In 
other words, there are similar results between the preci-
sion of last query and the session-based DCG at top 20 
documents. 
 

DCG Searcher Type – System Version 

DCG@5 

DE(MeSH+) >> SE(MeSH+) 
DE(MeSH+) >> ML(MeSH+) 
DE(MeSH+) >> SN(MeSH−) 
SE(MeSH−) >> SN(MeSH+) 
ML(MeSH−) >> SE(MeSH+) 

DCG@10 
DE(MeSH+) >> SE(MeSH+) 
ML(MeSH−) >> SE(MeSH+) 
SE(MeSH−) >> SE(MeSH+) 

DCG@15 DE(MeSH+) >> SE(MeSH+) 
ML(MeSH−) >> SE(MeSH+) 

DCG@20 n.s. 

DCG@30 n.s. 

Note. >> means better at .05 level of significance; n.s. = 
no significant difference; SN = search novices; DE = do-
main experts; SE = search experts; ML = medical librari-
ans; MeSH+ = MeSH+ version search system; MeSH− = 
MeSH− version search system. The bold text highlights 
the shared significant findings at different document cut-
offs 
Table 3. Comparison of search performance by DCG of 

best query at various document cut-offs 
 

Session-
based DCG Searcher Type – System Version 

sDCG@5 

DE(MeSH+) >> SE(MeSH+) 
DE(MeSH+) >> ML(MeSH+) 
DE(MeSH+) >> SN(MeSH−) 
DE(MeSH+) >> DE(MeSH−) 

sDCG@10 DE(MeSH+) >> SE(MeSH+) 

sDCG@15 DE(MeSH+) >> SE(MeSH+) 

sDCG@20 DE(MeSH+) >> SE(MeSH+) 
DE(MeSH+) >> SN(MeSH−) 

sDCG@30 DE(MeSH+) >> SE(MeSH+) 

Note. >> means better at .05 level of significance; n.s. = 
no significant difference; SN = search novices; DE = do-
main experts; SE = search experts; ML = medical librari-
ans; MeSH+ = MeSH+ version search system; MeSH− = 
MeSH− version search system. The bold text highlights 
the shared significant findings at different document cut-
offs 

Table 4. Comparison of search performance by sDCG 
of best query at various document cut-offs 

4.4 Individual Differences in Query Reformula-
tions and Search Performance 

Searches with query reformulations are indicative of 
user’s intent to obtain more or better search results. 
Within one search session the improvement of search per-
formance was calculated by comparing the results of the 

 # of Terms per 
Search Session 

# of Unique 
Terms per 
Search Session 

System 
Version n.s. n.s. 

Searcher 
Type DE >> SN ML >> SN 

Searcher 
Type – 
System 
Version 

DE(MeSH+) >> 
SN(MeSH+) 

ML(MeSH+) >> 
SN(MeSH+)  

Note. >> means better at .05 level of significance; n.s. = 
no significant difference; SN = search novices; DE = 
domain experts; SE = search experts; ML = medical 
librarians; MeSH+ = MeSH+ version search system; 
MeSH− = MeSH− version search system 

Table 2. Comparison of query term characteristics 
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first and last query iterations. The overall result revealed 
that searches with query reformulations obtain better 
search results in terms of the precision, but not in terms of 
the recall measure. 

There were extremely significant statistical differences 
in terms of the precision measure (two-tailed paired t-test, 
t(228) = -4.98, p < .001) for query reformulations. The 
difference in means was not equal to zero, with mean of 
differences equal to - .131, meaning that query reformula-
tions improved the precision score by 13.1%. For the re-
call measure, there was no significant difference (two-
tailed paired t-test, t(228) = 1.54, p > .05). Thus, the fact 
that query reformulations will obtain better search results 
than initial searches is supported in terms of the precision 
measure. 

In this study not all types of searchers benefited from 
query reformulations. Trained searchers (SEs and MLs) 
and domain experts (DEs) were able to improve the preci-
sion score by 12.0-18.6% (Table 5). Given the relatively 
difficult search topics and the lowest number of query 
iterations by SNs, their results did not get better—they did 
not know how to improve queries. 

 

Searcher 
Type df t-

Value p-Value 
Mean of 
Differ-
ences 

SN 54 1.23 0.2229 .067 

DE 61 3.02 0.0037 ** .153 

SE 52 3.87 0.0003 *** .186 

ML 59 2.14 0.0368 * .120 

Note. Signif. codes: ‘***’ p < 0.001 ‘**’  p < 0.01 ‘*’  p < 
0.05; SN = Search Novices; DE = Domain Experts; SE = 
Search Experts; ML = Medical Librarians. 

 Table 5. Query reformulations by searcher type in 
terms of the precision measure (two-tailed paired t-

test) 

5 Discussion 
This study was designed to assess the impact of individual 
differences and MeSH terms on search performance in an 
interactive search environment. DEs’ greater amount of 
time spent and query iterations than SEs revealed that DEs 
are engaged in searching by drawing upon their domain 
knowledge. The significant searcher-system interactions 
for the use of MeSH+ system by DEs and SNs in query 
iterations demonstrated the intrinsic difficulty of the ad-
hoc search tasks that required a great deal of cognitive 
effort even for DEs. 

The findings are consistent with prior research on end-
user searching behaviors in view of technical topics in 
controlled user experiments [Allen, 1991; Vibert et al., 
2009]. It indicates that domain expert searchers tend to 
use more search expressions when they search relatively 
difficult search topics. 

Since query reformulation is concerned with forming 
mental representations of the search topic, and translating 
those into search expressions, searcher’s domain knowl-
edge and verbal ability are crucial for the execution of 
these tasks. The results showed that the searcher charac-
teristics of domain knowledge and search training are cor-

related with user search performance during query refor-
mulations in terms of the precision measure and SNs do 
not benefit from query reformulations. In contrast to 
TREC-6 interactive track matrix experiment where the 
searcher effect was not prominent [Lagergren and Over, 
1998], this study has demonstrated that the searcher’s 
characteristics of domain knowledge and search training 
contribute to the differences in user performance. 

In this study user search performance was evaluated by 
comparing the results of the first and last query iteration 
for ad-hoc search tasks. It is presumed that the last query 
iteration will reflect the users’ best performance based on 
the perceptions of search results. From a system perspec-
tive, it is probable that search results from the last query 
iteration may not be the best over the entire search ses-
sion. The results from average precision of best query 
revealed that approximately one-fifth of last queries are 
the best queries in a search session. From a session-based 
perspective, the use of sDCG allows us to investigate the 
effect of query sequencing on search performance in more 
details. The result from sDCG@20 in searcher type-
system version comparisons was equal to the precision of 
last query, as presented in an earlier paper [Liu and 
Wacholder, 2008]. That is, to better support query 
reformulation tasks in IR systems, the relationship be-
tween user-perceived best query and sDCG of best query 
needs further research. More importantly, these findings 
provide pathways for the integration of IR evaluation re-
search from system and user perspectives [e.g., Belkin, 
2008; Ingwersen and Jarvelin, 2005; Järvelin, 2009; 
Voorhees, 2008], with particular reference to the impact 
of individual differences on search performance in IR user 
experiments. 

This study was designed to assess the impact of MeSH 
terms on search effectiveness in an interactive search en-
vironment. One limitation of the design was that partici-
pants were a self-selected group of searchers that may not 
be representative of the population. The interaction effects 
of selection biases and the experimental variable, i.e., the 
displayed MeSH terms, were another possible factor that 
limits the generalizability of this study [Campbell et al., 
1966; Kirk, 1995]. The use of relatively technical and 
difficult search topics in the interactive search environ-
ment posed threat to external validity, since those topics 
might not represent typical topics received by medical 
librarians in practice. 

6 Conclusion 
Using the search logs from an interactive information 

retrieval experiment that was designed to assess the effec-
tiveness of MeSH terms when used by different types of 
searchers, this study assesses the effect of individual dif-
ferences of domain knowledge and search expertise on 
querying behavior and user search performance. The find-
ings suggest that there are significant differences in query 
reformulations, characterized by search effort and query 
term characteristics, for different types of searchers. From 
both single query and session-based perspectives of 
evaluation strategy in evaluating queries over search ses-
sions, this study establishes the correlation between the 
individual difference and the user search performance for 
query reformulations in ad-hoc search task in terms of the 
precision measure. Search novices have not benefited 
from query reformulations in searching relatively difficult 
search topics. From system and user perspectives, evalua-
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tion of queries over search sessions in relation to individ-
ual differences provides insights into the relationship be-
tween user perceptions and search performance in support 
of query reformulation tasks. 

Acknowledgments 
This study was funded by NSF grant #0414557, PIs. Mi-
chael Lesk and Nina Wacholder. The author would like to 
thank the participants who generously shared their exper-
tise and Lu Liu for technical assistance. 

References 

[Abdou and Savoy, 2008] Samir Abdou and Jacques Sa-
voy. Searching in MEDLINE: Query expansion and 
manual indexing evaluation. Information Processing & 
Management 44(2):781-789, 2008. 

[Bryce, 1991] Bryce Allen. Topic knowledge and online 
catalog search formulation. Library Quarterly 61 
(2):188-213, 1991. 

[Belkin et al., 1982] N. J. Belkin, R. N. Oddy, and H. M. 
Brooks. ASK for information retrieval: I. Background 
and theory. Journal of Documentation 38 (2): 61-71, 
1982. 

[Belkin, 2008] Nicholas J. Belkin. Some(what) grand 
challenges for information retrieval. SIGIR Forum 42 
(1):47-54, 2008. 

[Buckley, 2011] trec_eval IR evaluation package (Version 
9.0). Available from ftp://ftp.cs.cornell.edu/pub/smart/ 

[Campbell et al., 1966] Donald Thomas Campbell, Julian 
C. Stanley, and N. L. Gage. Experimental and Quasi-
Experimental Designs for Research. R. McNally, Chi-
cago, 1966. 

[Dumais and Belkin, 2005] Susan T. Dumais, and Nicho-
las J. Belkin. The TREC Interactive Track: Putting the 
user into search. In TREC: Experiment and evaluation 
in information retrieval, edited by E. M. Voorhees and 
D. K. Harman. MIT Press, Cambridge, Massachusetts, 
2005. 

 [Efthimiadis, 1996] E. N. Efthimiadis. Query expansion. 
Annual Review of Information Science and Technology 
31:121-187, 1996. 

[Efthimiadis, 2000] E. N. Efthimiadis. Interactive query 
expansion: A user-based evaluation in a relevance 
feedback environment. Journal of the American Society 
for Information Science 51 (11):989-1003, 2000. 

[Fisher, 1935] Ronald Aylmer Fisher. The Design of Ex-
periments. Oliver and Boyd, Edinburgh, 1935. 

[Greenstone, 2006] Greenstone Digital Library Software 
(Version 2.70). Department of Computer Science The 
University of Waikato, Hamilton, New Zealand. 

[Harman and Voorhees, 2006] Donna K. Harman, and 
Ellen M. Voorhees. TREC: An overview. Annual Re-
view of Information Science and Technology 40:113-
155, 2006. 

 [Huang and Efthimiadis, 2009] Jeff Huang, and Efthimis 
N. Efthimiadis. Analyzing and evaluating query 
reformulation strategies in web search logs. In Proceed-
ing of the 18th ACM Conference on Information and 

Knowledge Management, pages 77-86, Hong Kong, 
China, November 2009. 

[Ijzereef et al., 2005] L. Ijzereef, J. Kamps, and M. de 
Rijke. Biomedical retrieval: How can a thesaurus help? 
Lecture Notes in Computer Science 3761: 1432-1448, 
2005. 

[Ingwersen and Järvelin, 2005] Ingwersen, Peter, and Ka-
lervo Järvelin. The Turn: Integration of Information 
Seeking and Retrieval in Context. Springer, Dordrecht, 
The Netherlands, 2005. 

[Jansen et al., 2000] B. J. Jansen, A. Spink, and T. 
Saracevic. Real life, real users, and real needs: A study 
and analysis of user queries on the Web. Information 
Processing & Management 36 (2):207-227, 2000. 

[Jansen et al., 2009] B. J. Jansen, D. L. Booth, and A. 
Spink. Patterns of query reformulation during Web 
searching. Journal of the American Society for Informa-
tion Science and Technology 60 (7):1358-1371, 2009. 

[Järvelin, 2009] Kalervo Järvelin. Explaining user per-
formance in information retrieval: Challenges to IR 
evaluation. In Advances in Information Retrieval The-
ory, edited by L. Azzopardi, G. Kazai, S. Robertson, S. 
Rüger, M. Shokouhi, D. Song and E. Yilmaz: Springer 
Berlin / Heidelberg, 2009. 

[Järvelin et al., 2008] Kalervo Järvelin, Susan L. Price, 
Lois M. L. Delcambre, and Marianne Lykke Nielsen. 
Discounted cumulated gain based evaluation of multi-
ple-query IR sessions. In Proceedings of the 30th Euro-
pean Conference on Advances in Information Retrieval. 
Glasgow, UK: Springer-Verlag, 2008. 

[Joho et al., 2004] H. Joho, M. Sanderson, and M. Beau-
lieu. Study of user interaction with a concept-based in-
teractive query expansion support tool. Lecture Notes in 
Computer Science 2997:42-56, 2004. 

[Kirk, 1995] Roger E. Kirk. Experimental Design: Proce-
dures for the Behavioral Sciences. 3rd ed. Pacific 
Grove, Calif.: Brooks/Cole, 1995. 

[Lagergren and Over, 1998] Eric Lagergren, and Paul 
Over. 1998. Comparing interactive information re-
trieval systems across sites: The TREC-6 interactive 
track matrix experiment. In Proceedings of the Annual 
International ACM SIGIR Conference on Research and 
Development in Information Retrieval. Melbourne, 
Australia, 1998. 

[Liu and Wacholder, 2008] Y.-H. Liu, and N. Wacholder. 
2008. Do human-developed index terms help users? An 
experimental study of MeSH terms in biomedical 
searching. In Proceedings of the ASIST Annual Meeting 
45, 2008. 

[Liu, 2009] Y.-H. Liu. The Impact of MeSH (Medical Sub-
ject Headings) Terms on Information Seeking Effec-
tiveness. PhD, Rutgers: The State University of New 
Jersey, New Brunswick, NJ, USA, 2009. 

[Liu and Belkin, 2009]. Y.-H. Liu, and N. J. Belkin. 2008. 
Query reformulation, search performance, and term 
suggestion devices in question-answering tasks. In Pro-
ceedings of the Second International Symposium on In-
formation Interaction in Context, pages 21-26, London, 
UK, 2009. 

LWA 2011, Magdeburg, Germany

197



 

 

[Liu and Wacholder, 2010] Y.-H. Liu, and N Wacholder. 
2010. On search topic variability in interactive informa-
tion retrieval. In Proceedings of CIRSE, pages 17-22, 
available from http://sunsite.informatik.rwth-
aachen.de/Publications/CEUR-WS/Vol-569/paper6.pdf 

[Lu et al., 2009] Zhiyong Lu, Won Kim, and W. Wilbur. 
Evaluation of query expansion using MeSH in PubMed. 
Information Retrieval 12 (1):69-80, 2009. 

[Moore et al., 2011] Robert J. Moore, Elizabeth F. Chur-
chill, and Raj Gopal Prasad Kantamneni. Three sequen-
tial positions of query repair in interactions with inter-
net search engines. In Proceedings of the ACM 2011 
Conference on Computer Supported Cooperative Work, 
pages 415-424, 2011. 

[Price et al., 2009] Susan L. Price, Marianne Lykke Niel-
sen, Lois M. L. Delcambre, Peter Vedsted, and Jeremy 
Steinhauer. 2009. Using semantic components to search 
for domain-specific documents: An evaluation from the 
system perspective and the user perspective. Informa-
tion Systems 34 (8):724-752, 2009. 

[Rieh and Xie, 2006] Soo Young Rieh, and Hong Xie. 
Analysis of multiple query reformulations on the Web: 
The interactive information retrieval context. Informa-
tion Processing & Management 42 (3):751-768, 2006. 

[Ruthven, 2003] Ian Ruthven. Re-examining the potential 
effectiveness of interactive query expansion. In Pro-
ceedings of the ACM SIGIR Conference 26:213-220, 
2003. 

[Salton and Lesk, 1968] G. Salton, and M. E. Lesk. Com-
puter evaluation of indexing and text processing. Jour-
nal of ACM 15 (1):8-36, 1968. 

[Sihvonen and Vakkari, 2004] A. Sihvonen, and P. Vak-
kari. Subject knowledge improves interactive query ex-
pansion assisted by a thesaurus. Journal of Documenta-
tion 60 (6):673-690, 2004. 

 [Smith and Kantor, 2008] C. L. Smith, and P. B. Kantor. 
User adaptation: Good results from poor systems. In 
Proceedings of the Annual International ACM SIGIR 
Conference on Research and Development in Informa-
tion Retrieval. Singapore, 2008. 

[Srinivasan, 1996] P. Srinivasan. Query expansion and 
MEDLINE. Information Processing & Management 32 
(4):431-443, 1996. 

[TREC Genomics Track, 2004] TREC 2004 Genomics 
Track document set data file. Available from NIST 
TREC 2004 Genomics Track Web site, 
http://trec.nist.gov/data/t13_genomics.html 

 [Turpin and Hersh, 2001] A. H. Turpin, and W. Hersh. 
Why batch and user evaluations do not give the same 
results. In Proceedings of the Annual International 
ACM SIGIR Conference on Research and Development 
in Information Retrieval. New Orleans, USA, 2001. 

 [Vibert et al., 2009] Nicolas Vibert, Christine Ros, Ludo-
vic Le Bigot, Mélanie Ramond, Jérôme Gatefin, and 
Jean-François Rouet. Effects of domain knowledge on 
reference search with the PubMed database: An ex-
perimental study. Journal of the American Society for 
Information Science and Technology 60 (7):1423-1447, 
2009. 

[Voorhees and Harman, 2005] E. M. Voorhees, and D. K. 
Harman, eds. TREC : Experiment and Evaluation in In-
formation Retrieval. MIT Press, Cambridge, Massachu-
setts, 2005. 

[Voorhees, 2008] Ellen M. Voorhees. On test collections 
for adaptive information retrieval. Information Process-
ing & Management 44 (6):1879-1885, 2008. 

[Wacholder and Liu, 2006] N. Wacholder, and L. Liu. 
User preference: A measure of query-term quality. 
Journal of the American Society for Information Sci-
ence and Technology 57 (12):1566-1580, 2006. 

[Wacholder and Liu, 2008] N. Wacholder and L. Liu. 
Assessing term effectiveness in the interactive informa-
tion access process. Information Processing & Man-
agement 44 (3):1022-1031, 2008. 

[White et al., 2009] Ryen W. White Susan T. Dumais, and 
Jaime Teeva. Characterizing the influence of domain 
expertise on web search behavior. In Proceedings of the 
Second ACM International Conference on Web Search 
and Data Mining. Barcelona, Spain, 2009. 

[White and Morris, 2007] Ryen W. White, and Dan Mor-
ris. 2007. Investigating the querying and browsing be-
havior of advanced search engine users. In Proceedings 
of the 30th Annual International ACM SIGIR Confer-
ence on Research and Development in Information Re-
trieval. Amsterdam, The Netherlands, 2007. 

[Witten et al., 1999] I. H. Witten, Alistair Moffat, and 
Timothy C. Bell. 1999. Managing Gigabytes: Com-
pressing and Indexing Documents and Images. 2nd ed. 
San Francisco: Morgan Kaufmann, 1999. 

 
 
 
 
 

 
 

LWA 2011, Magdeburg, Germany

198



Technical Report

Report of the symposium "Lernen, Wissen, Adaptivität 2011" of the 
GI special interest groups KDML, IR and WM.

Editors: Myra Spiliopoulou

 Andreas Nürnberger

Rene Schult

Fakultät für Informatik

Otto-von-Guericke-Universität Magdeburg

28. – 30.September 2011 


