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ABSTRACT
There has been a quantum increase in content published over the
world wide web. Search Engines have done a good job in crawling
and indexing the web. Search engines generally return results from
different context or categories and user modifies his queries to get
a more precise list of results. Also, a user might need to query
several search engine sources (e.g. videos, photos, news, answers
etc) before he can find a satisfactory answer to what he is looking
for and his modifications for same context in each search engine
might vary.

We present SAFE (SearchAggregation andFederationEngine) a
multiple content source search engine that allows users to simulta-
neously search across multiple search engines. It extends the idea
of federation in search and proposes unique ways to capture query
modifications that is one of the quintessential technique used by
users to get more relevant results. We use the query modifications
to enrich the search experience of a user in a federated search envi-
ronment by making the search page more content rich, relevant and
personalized.

1. INTRODUCTION
Meta searchis the simultaneous search of multiple search engines
and linking them together as one virtual search system.Meta search
(also known asfederated search1) consists of following steps (1)
transforming a queryand firing it to several search engines with ap-
propriate syntax, (2)merging the resultscollected from the individ-
ual search engine to a single ranked list or keeping them separately
according to their source, (3)presenting the resultsin a succinct
format to the user [3].

Meta search enginecombines results from several heterogeneous
search engines. The mixing of results from individual search en-
gines to a single ranked list can be effective if all the results are
of samemedia type(either textual or videos or images) [30, 31].
Even for results of the samemedia typebut with different context,

1Federated search and Meta search are used interchangeably in this
paper.

mixing to form a single ranked list might not be desirable. For Ex-
ample, mixing news results with Q&A results and web results can
lead to clumsy user interface and user can lose focus due to con-
text switching. For a search system which combines results from
search engines withheterogeneous media typesor different contex-
tual information, a modular approachis more preferred as in [13,
11]. Eachmodulerepresents results from one search engine and the
results are not mixed across modules.

Search engines normally return results from multiple categories or
contexts and users have to modify their queries to get more precise
results. Query modifications by a user can differ in different search
engines due to the difference in contextual information search en-
gine returns. For Example, a user with intent ofvisiting Mauritius
can search forbest time to visit Mauritiusin Yahoo Answersand
beach pictures of Mauritiusin Yahoo Image Search. Additionally,
due to difference in relevance of search engine results [29,24], a
user searching for the same concept in two different search engines
might form different query modifications in both of them to get
more precise results. Even, if the user forms same query modifi-
cations, he might end up re-modifying the query modificationin
one search engine, whereas he might be satisfied with the results in
other search engine.

In this paper, we present a meta-search engine named SAFE (Search
Aggregation andFederationEngine) which usesYahoo Developer
Network’s [15] public apis to get results from various search engine
sources such asYahoo Image Search[16], Yahoo Web Search[19],
Yahoo News Search[18], Yahoo Answers[14], Flickr [4], Yahoo
Videos[20], Yahoo Maps[17], etc and presents them in a mod-
ular user interface similar to [13, 11] to the user. We present a
novel technique to capture a query and it’s modifications in differ-
ent modules (also referred asQuery Associationor simplyAssoci-
ation in this paper). Based on theQuery Associations, we propose
query refinement scheme and module ranking scheme for modules
in SAFE. We also mention some useful features implemented in
SAFE that improves federated search experience of the user.

2. RELATED WORK
Meta-search engines have been around for quite some time. Clusty
[1] one of the earliest such engines uses Ask, Live, Gigablast, etc.
to present a unified result list to the users. In addition to that it
also clusters the results into several categories and allows users to
navigate into these categories. Dogpile [2] and Mamma [6] are
other meta search engines available which present results as single
list to the users. Mixing results in federated search, basedon search
engine result effectiveness can improve the federated search engine
effectiveness [31].



On the other hand Alpha Yahoo! [13] and Search Mash [11] take a
modular approachof showing separate lists of the individual search
engine results to the user. In theiruser interface, they keep one
module as main module and other modules appear collapsed by
default or appear at one side. User can click the module in order
to view results from it indicating his current interest to the meta-
search engine.

The articleMeta-search: More heads better than one ?[7] points
out several advantages of meta-search engines, particularly those
who mix results to form a single ranked list, like, consensuson re-
sults increase the confidence factor in the results. Howevermajor
drawbacks of meta-search approaches used so far is that theystill
haven’t tapped upon the huge advancements in web search technol-
ogy.

Search engines normally return results from multiple categories or
contexts for a query and users have to modify their queries toget
more precise results. One approach search engines follow tounder-
stand web queries is to subsequently expand them using the query
reformulations performed on a query in a session. There is a lot of
work in this direction as mentioned in [21, 28, 22, 27]. However
there is no similar approach to understand queries in a meta-search
search context where there are multiple distinctive content sources.
Our approach tries to tie query reformulation in such contexts by
forming a notion of query associations.

3. QUERY ASSOCIATION
Search Engines have done a great job in crawling and indexingweb
pages from all the accessible parts of the Internet [10]. When a user
searches for a query term, they return results from different relevant
categories or context to the user. User has to modify their queries,
based on their context, in order to get more precise search results
(i.e. results from a particular category or context). Research has
been done to personalize the search for the user based on his pre-
vious searches [26, 25]. Google offers personalized searchengine
which provides more relevant search results based on user’sprevi-
ous search history [5]. Personalization certainly helps inretrieving
more relevant results but it cannot adapt to changes in user’s interest
and likeness. Personalization cannot unlock the context transitions
that go in user’s mind leading users to switch context. Querymod-
ification is the fastest way for a user to get the most precise results.

Subsequent user queries (within a short time interval) are inter-
linked and the users transition from one query to another form a
trail. A user starts searching with some concept and later refines
his concept based on the results he gets. Thistrail of modifica-
tion of the root query holds a key in understanding the user’s intent
while searching. There is a lot of research done on capturingquery
reformulations for query expansion. Einat Amitay et al [21]de-
scribe the success of their approach in expanding the index using
query reformulations in a session to serve further queries.

We look for capturing query reformulations in a federated search
setup. In a federated search environment, a user’s query context
differs for different media types. The following example illustrates
this point. A user with intent ofvisiting Mauritius seeks differ-
ent information aboutMauritius in different search engines. He
searches forbest time to visit Mauritiusin Yahoo Answers. On the
other hand, he searches forcheap hotels in Mauritiusin Yahoo Web
Search. Additionally, he searches in Yahoo Image search forbeach
pictures of Mauritius. This example illustrates our point that user’s
expectation varies from one search engine to another based on their

result type. Another reason for this behavior could be that the user
understands what kind of queries work best in which search en-
gine. A user acquires this knowledge based on hit and trial, some
intuition and his past search experience.

We illustrate the point of a query trail in federated search by a sim-
ple example. Suppose user searches forphp tutorialsin Yahoo web
search. One of the tutorial results has an announcement of upcom-
ing php tutorial classes at some convention centre. User searches
for the convention centre’s addressin Yahoo Maps. Searching
for php tutorialsin Yahoo Maps might not return any relevant re-
sult (due to it’s crawl frequency, retrieval methods, page ranking
schemes, and other ambient characteristics), nevertheless there is
a strong link betweenphp tutorialsandconvention centre address
in Yahoo Maps atleast for this user, if not others. Also, it isnot
possible to link two different queries fired in two differentsearch
engines, as that would require search log analysis which can’t be
done in real-time. Another point is that it would require user to be
logged in, so that his queries can be identified to identify any trail.

In SAFE, we try to capture modifications to a query in federated
search environment. To make our task of identification of a refor-
mulation from a root query simpler, we have a main search box
from where a user starts. The results of his query are presented in a
modular fashion depending upon his selection of modules andour
criterion for module placement. A user can modify his query in any
of the modules, if the results in that module are not satisfactory but
in other modules are. We call this association between the original
query and it’s modification asQuery Associationand represent it
as: query⇒ modified query (module name).

Query Association gives very useful information about the intent
of the query in various modules. The difference between the main
query and modified query (which user expects to work better inthat
module) gives an idea of the context intention of the user. Italso
gives strong hints on how similar queries can be modified in order
to get better results.

3.1 Template Query Association
Query Association is essentially a method to record contextual key-
words that can be applied to original query in different modules in
order to get more relevant results. There are times when users want
similar keywords to apply to different queries which are contex-
tually tied. An example illustrates this point. Suppose a user is
planning to choose either ofmauritius or seychellesfor his next
holiday. If user forms a query of the typeplaces to visit in mau-
ritius andplaces to visit in seychelles, thenplaces to visit incan
be abstracted out in a template, say bestplaces, and this template
can be applied to both the queries. SAFE supports creation ofsuch
association and their application by the user, as discussedin next
section.

4. SAFE
SAFE (SearchAggregation andFederationEngine) is a meta search
engine that uses Yahoo’s public api to tie results from different
search engine sources such as Yahoo Image search, Yahoo Web
search, Yahoo Answers, Flickr, Yahoo Videos, Yahoo Maps, etc. It
has a modular user interface, in which every module is tied with
unique search engine source and results from different modules are
not mixed. Modules are laid out in a grid in the main web page as
shown in figure 1.

Every module is associated with a specific search engine source



Figure 1: SAFE presents different modules representing different search engine resources in a grid based layout.



Figure 2: Module options.

and it manages query processing and retrieval of results from that
search engine using Yahoo Developer Network’s public apis.Each
module provides certain useful features as shown in figure 2,en-
abling user to customize the module, such as a) searching in that
module, b) customization of number of results to show, c) collaps-
ing and un-collapsing the module results, d) closing the module.
These features appear by clicking the module home button (hence
require two mouse clicks to activate) located on top left corner of
each module as shown in figure 1.

Modules also implement other search related features whichre-
quire only one mouse click, such as 1) clicking module name to
search in that module (pops a text box where user can type query
modification), 2) navigation to next page of results, 3) navigation
to previous page of results, 4) rating controls, so that usercan give
explicit rating to the results. Feature 2, 3, 4 can be seen in Figure
1 (see Yahoo Videos module). Feature 1 enables user to searchex-
clusively in that module. There are several benefits of this feature
as mentioned below:

• It doesn’t update the results in other modules. This is useful
for comparative analysis and also when user search has a trail
and he doesn’t want to lose relevant results in other modules.

• Searching in one module is faster than searching in main
search box which leads to searching in all the modules and
hence a bit slower. This is due to higher http payload, con-
currency issues in firing queries to different search enginein
parallel, difference in search engine response times and load-
ing of results on client side (images have to be loaded).

• Normally, the main page doesn’t fit completely in user’s screen,
so he has to scroll down to see a module at the bottom of the
page. It is faster for user to search in the module he’s fo-
cused on than to scroll up and locate the main search box for
searching.

• It doesn’t break user’s focus since nothing else changes for
him except for the results in that module. The user is as fo-
cused on that module as before firing the request.

When a user uses the module’s search feature, SAFE creates a
query association between the main query (also referred as root
query) and the query fired in that module. As an example from fig-
ure 1, user searches forsan franciscoin the main search box and
later searches forgolden gate bridgein Flickr module, so following
query association is recorded by SAFE.

san francisco⇒ golden gate bridge, (flickr module)

SAFE also captures ambient data for a query association. In gen-
eral, a query association is described as in Eq. 4.1

q ⇒ q, (m, u, t,ǫ) (4.1)

where,
q = root query
q = modified query
m = module name
u = user name
t = creation timestamp
ǫ = rating of association based on results (default value is 1,
clicking thumbs upimage increase rating to1.25 and clicking
thumbs downimage decreases it to0.75, as in figure 1.

Apart from creating associations, users can perform following use-
ful activity which helps SAFE in determining rank of an Associa-
tion:

• Clicking a result.

• Clicking Next to get next set of results.

• Clicking Prev to get previous set of results.

• Giving explicit rating through rating controls (thumbs upor
thumbs downimage).

• Changing number of results to show for a module.

User’s activities are recorded along with their timestamp,associ-
ation on which activities are made and session in which they are
performed. When a user logs-in to SAFE a unique session-id is
generated. This helps in distinguishing user’s activity inone ses-
sion from another. For users who do not wish to login, all their
activity are recorded as adefault user. Session for default user ex-
pires after one hour.

SAFE provides three searching modes, namely 1) Collaborative 2)
Personalized 3) No Association. These modes affect the way in
which associations are applied to a user’s root query in the modules.
In collaborative mode, every module searches for highest ranked
query association for the given root query across the system. It
considers associations created by all the users of the system in that
module and the best possible query association becomes the mod-
ified query and module fetches results corresponding to the modi-
fied query. Inpersonalized mode, only query associations created
by this user are taken into consideration to recommend a modified
query. Inno associationmode, module fetches results correspond-
ing to the root query only. Query association rank computation is
discussed in detail in section 5.

SAFE also allows users to apply a query association as template
to other queries. Set of keywords can be triggered as template by
wrapping them incolon (:). For Example, Suppose a user has as-
sociation as shown in table 1 and user form a root querymauritius
:travel: then his queries are expanded in images and answers mod-
ule as shown in table 2.

Association Module
travel⇒ beach pictures images
travel⇒ cheap hotels answers

Table 1: Associations for the query term travel



Association Module
mauritius :travel:⇒ mauritius beach pictures images
mauritius :travel:⇒ mauritius cheap hotels answers

Table 2: travel used as template for query term mauritius

The main advantage of searching using template associations is that
it can make searching faster for users. If a user is searchingfor
various related terms and every time he is performing same query
modification to each of them (to get better results) then creating
one association and using it as template can save considerable time
and effort. Template associations are strong indicator of what query
modifications can be applied to different queries belongingto same
category or context. SAFE uses that to recommend query modifi-
cation when user searches with either collaborative mode orper-
sonalized mode on (details in section 5).

SAFE also implements a module ranking scheme. In this, all the
modules are ranked for a given root query based on its query as-
sociation and query associations of queries belonging to the same
category as this root query. Based on the individual rank of amod-
ule it is laid out in the graphical user interface. Module with higher
rank is placed above or before the module with lower rank. Section
6 talks in detail about the module ranking scheme.

5. QUERY ASSOCIATION RANKING
SAFE ranks query associations in order to recommend best possi-
ble modification for a root query in all the modules. Since thenum-
ber of associations can be large and ranking process is time con-
suming, SAFE delegates rank computation to a background pro-
cess. The background process updates the rank periodicallyafter
short time intervals, in order to ensure freshness of recommended
modifications by taking into account newly formed associations
and user activities.

Query Association ranking is based on LRFU Block replacement
Policy [23], which combines recency and frequency to quantify the
likelihood of a block to be referenced in future. Query Association
ranking is computed based on user’s activity on a given associa-
tion. When a user performs an activity (such as create association,
click result, click next, click prev, give explicit feedback, change
number of results) on an association, we consider that as an refer-
ence to the Query Association, analogous to reference to a block as
described in [23]. Each reference contributes to the likelihood of
the association and it’s contribution is determined by theweighing
function F(t)where t is the time span from the reference in past to
the current time. More formally,F(t) is given by equation 5.1.

F (tnow − t) = 2
−[
tnow − t
tnow

]
(5.1)

wheret is the timestamp of activity,tnow is the current time. Query
Association activities also record user’s session-id. This helps in
distinguish activities made by user in one session from another ses-
sion. For Query Association rank computation, activities in only
last three sessions in which a query association is referenced are
considered. For example, a particular Query Association isref-
erenced in user session 1, 5, 8, 11, 21. Then, activities madein
session 8, 11, 21 are considered for ranking this association. This
policy has several advantages such as it reduces the number of ac-
tivities that need to be stored for an association. It also helps query

association to recover from a low initial rank (since rank isbased
on reference time). It also ensures that our ranking is resistant to
profile hacks and malicious user activity (because eventually ma-
licious activity might get rolled out after user’s profile isrestored
and user starts searching normally).

Following algorithm describes how rank for a single query associ-
ation is calculated.

Algorithm 1 Query Association rank calculation algorithm
Lets assume that for a root queryq, there areN unique associa-
tions q1, q2, ..., qN for a given modulem. Unique associations
implies{qk 6= ql}∀k,l∈N,k 6=l

LetAm
i represent associationq ⇒ qi in modulem. Lets assume

thatAm
i is referenced byM usersu1, u2, ...,uM . LetRm

ij rep-
resent rank of associationAm

i as per useruj . Rm
ij is given by

following formula:

R
m
ij = ǫij ×

1

K
×

K
X

k=1

F (tnow − t
k
j ) (5.2)

where,
ǫij is explicit rating ofassociationAm

i given byuseruj (default
value is picked if user hasn’t given explicit rating).
k representskth activity of useruj that referencesassociation
Am

i (Also,kth activity belongs to one of the latest three sessions
in whichassociationAm

i is referenced).
tkj represents timestamp ofactivity kof useruj .
tnow is the current time.

Note that if a user is not logged in then all his associations belong
to a default user and session for default user expires after one
hour. So all Query associations made by anonymous users in
that hour belongs to the same session.

Note that for a logged-in user, there must be some activity on
Am

i . If there is no activity then that means that user hasn’t ref-
erencedAm

i and this user is not part ofM users who referenced
Am

i . It is possible that SAFE has recommendedAm
i to this user

but user choose to overlook it.

Rm
i represent rank of associationAm

i as per all the users of the
system.Rm

i is the sum total of rank of all the users who refer-
encedassociationAm

i . Rm
i is given by the following formula:

R
m
i =

M
X

j=1

R
m
ij (5.3)

If a useruj has fired the root queryq, thenAm
i is rankedRm

i +
Rm

ij . SAFE picks the highest ranked association and uses that to
retrieve results in modulem.

If user’s searching mode is set to personalized, thenAm
i is

rankedRm
ij × k for this user, where k is number of association

activities made by userj for associationAm
i .

Additionally, SAFE keeps track of queries used as template key-
words (queries wrapped incolon). Root queries on which template
keywords are applied (root query is obtained by removing alltem-



plate keywords from the original query) are categorized based on
directory categories recommended byopen directory project(also
known asdmoz) [8, 9]. Templates get associated with thedmoz
categories of the root query. For a given category, list of templates
that are associated with it is maintained along with all the reference
timestamp of the template. Rank calculation for template follows
the same formula as described in equation 5.2 with a difference that
instead of activity time we have template reference time andthere
is no explicit rating of a template.

For a root query with no query associations, it’s most rankeddmoz
category is fetched (there can be manydmozcategories for a single
query, we pick the one with maximum match). Highest ranked
template for this category is applied to the root query and results
are fetched accordingly in all the modules. Ifpersonalized mode
is on then only templates referenced by this user are taken into
consideration and rank is computed based on references created by
this user only (same as described in algorithm 1).

6. MODULE RANKING
Modules are ranked for root queries based on association activities
and user preference. SAFE arranges modules in its graphicaluser
interface based on module rank. Module ranking takes into account
following factors:

• User Preference: If a user has collapsed a module, it is re-
arranged at the bottom of the page. If a user has closed the
module, then it doesn’t appear in the user interface. Irrespec-
tive of module rank, user preference is given utmost priority.

• User’s Query Association: Query Association created by
user in a module indicates user’s interest in that module for
that query.

• Community’s Query Association: Query Associations cre-
ated by community of users in a given module indicate their
interest in that module.

Every user activity is associated with a query association which
in turn is associated with some module. So for a given query as-
sociation there is an associated user, module, list of user activi-
ties. We prune user activites based on session-id and keep activ-
ities belonging to only three sessions (latest three from the list).
Additionally, we usedmozcategory to classify a root query (as
described in later part of section 5). More formally, a queryas-
sociation is associated with a module, setθ and setΨ as shown
below.

q ⇒ q, (m, θ, Ψ) (6.1)

where,
q = root query
q = modified query
m = module name
θ = {(u,Λu) : u is the user andΛu is the list of activities per-
formed by this user on given association in module m}
Ψ = {list of categories of root query q}

θ is also called as activity set.

Modulem is ranked for a given dmoz categoryψ, as given in fol-
lowing equation:

m(ψ) =
X

a∈A

X

(u,Λu)∈θa

1

| Λu |

X

λ∈Λu

F (tnow − t
λ
u)

| θa |
(6.2)

where,
A = set of association as given in equation 6.1 which belong to
module m and dmoz categoryψ
θa represents activity set of associationa
F is the weighing function given by equation 5.1
tλu represents timestamp of activityλ by useru

When a user types in a new root query, it’s most ranked dmoz cate-
gory is fetched (one with maximum match). Modules are arranged
in a sorted order in a list based on their ranks in that particular cat-
egory and the list is returned back to SAFE so that it can rearrange
the modules. Ifpersonalized modeis on then only activities of this
user are taken into consideration. Since module ranking is atime
consuming process, a background process computes module rank
for all categories by all the users (It also pre-computes theperson-
alized module rank for all the users).

7. RESULT AND EVALUATION
We evaluate our meta search engine on the following concepts:

• Query Association usefulness: We measure how useful a
query association is for the whole community of users search-
ing for the similar concept.

• Module Placement: We also measure how good our module
prioritization and ordering is.

In order to evaluate the claims of our approach we formed 2 sets of
users, 1) Experts, 2) Non experts. Experts have full prior knowl-
edge of the system and knew the benefits of forming associations.
Non experts did not have prior knowledge of the system and were
asked to evaluate associations by querying the system. We selected
12 experts and gave them in-depth training of all the features and
working of SAFE. We got 25 non experts who volunteered to rate
the system.

We selected four broad level categories (as mentioned in table 3)
and picked 3-4 topics in each of them. We formed 8-10 questions
for each of the topics. The questions were picked up from several
sources on the web and predominantly from TREC [12], Yahoo
Answers,Are you smarter than a 5th grader?(a popular TV show).

No. Category
1 Personalities
2 Places
3 Event
4 Random

Table 3: List of categories

We held a competition in which the experts were asked to answer
questions from 12 different topics belonging to the above four cat-
egories. We played 6 rounds, in every round the experts were given
2 subtopics picked in a way that a topic is assigned exactly totwo
experts in a round (ensuring that expert has not been assigned that
topic previously). Our rounds were time based and we rated the



experts on the basis of their completion time and retrieved informa-
tion. Table 4 contains list of questions for the topicBarack Obama,
belonging to categoryPersonalities. Table 5 contains list of ques-
tions for the topicMauritius, belonging to categoryPlaces.

No. Source Questions
1 TREC In what US state was Barack Obama

born (locate in map)
2 TREC On what date was Barack Obama born
3 TREC What year was Obama elected to the

US Senate
4 TREC Whom did Obama defeat for the US

Senate seat
5 TREC What position did Obama hold before

becoming US senator
6 TREC In which US states has Barack Obama

lived (locate in map)
7 TREC What is the last state that Barack

Obama won
8 – Give a picture of Obama with his op-

ponent
9 – Get a video of Barack Obama in

Google
10 – Name the books written by Barack

Obama

Table 4: Questions on topic Barack Obama

No. Source Questions
1 – How is the weather of Mauritius

in May ?
2 Yahoo Answers Which is better holiday spot

Seychelles or Mauritius ?
3 Yahoo Answers What are the must see places in

Mauritius ?
4 – What is the color of water of

best beach in Mauritius
5 – What is the exchange rate in

Mauritius ?
6 Yahoo Answers Name a few good hotels to stay

in Mauritius ?
7 – Give 3 images of Mauritius

beach
8 – Who is the Prime minister of

Mauritius
9 – Where is the city market in

Mauritius (locate in maps)
10 Yahoo Answers Cheap flight ticket deals to Mau-

ritius

Table 5: Questions on topic Mauritius

In the initial few rounds, experts formed more associationsin or-
der to discover the answers for the questions. However towards
the end, we observed that the number of associations formed dras-
tically reduced as SAFE automatically recommended associations
and retrieved relevant results based on associations created by ex-
perts in previous session on the same topic.

Table 6 and 7 mention some of the top associations formed by
experts after six rounds forBarack ObamaandMauritius respec-
tively.

No. Association Module No. of
Activ-
ity

Score

1 honululu, hawaii maps 11 8.22
2 barack obama hillary clin-

ton
images 12 8.13

3 obama us senate defeated web
search

11 8.01

4 last state obama won answers 10 7.53
5 barack obama google inter-

view
video 9 6.1

6 barack obama victory news 6 3.2
7 audacity of hope web

search
2 1.2

8 barack obama wiki web
search

1 0.53

Table 6: Associations formed for topic Barack Obama

No. Association Module No. of
Activ-
ity

Score

1 best mauritius beach web
search

15 10.5

2 prime minister mauritius web
search

14 9.2

3 grand bay beach mauritius images 11 8.22
4 is mauritius better than

seychelles
answers 9 7.26

5 seychelles or mauritius answers 10 7.21
6 mauritius may weather weather 1 0.53
7 mauritius exchange rate finance 1 0.44
8 city market, mauritius maps 1 0.31

Table 7: Associations formed for Mauritius

We found that forBarack Obama, associations converged and there
were not many competing associations per module. This estab-
lishes the fact that experts agreed on previous experts’ associations.
Whereas forMauritius competing associations were high. Main
reasons was that for many questions experts searched in onlyone
module (web searchor answers), reformulating his queries again
and again, hence competing associations were there and activity on
them were high on average. For some questions, there were only
one association formed and the results had enough elaboratesnip-
pet that other experts didn’t even have to click the result toread
and find answer inside (weather, finance, maps). Another idea to
reduce competing associations is to pick top 2-3 associations for
a module and merge results from them instead of picking the top
most association only.

Figure 3 shows comparison of number of association activities done
by experts in different rounds. Number of association activities
decreased as rounds increased. This establishes the fact that users
found previous association useful and did not create associations of
their own or performed activities on existing ones.

In the next experiment, we tried to compute the precision of the
query associations formed in the first experiment. We asked agroup
of non-expert users to rate the associations based on the results re-
trieved for those associations and how good a match are the results
in solving the questions. Table 8 contains the precision values of



Figure 3: Topics and corresponding association activity in different rounds

all the associations in different modules. We measure precision as
the number of relevant associations marked by a user to the total
number of associations retrieved for that query in a given module.

Module Precision
weather 1.0
finance 1.0
maps 0.99
images 0.99
web search 0.95
answers 0.91

Table 8: Precision of Query Associations in different modules

In another experiment, in order to evaluate Module ranking pro-
vided by our system, we asked our users to search for the answers
to the same queries outside our system, using all the possible avail-
able modules. We then examined a query trail to look at the number
of times the users used a module and the order in which a module
was called. We found out that modules searched by a user were in
coherence with the module ranking provided by our system.

8. CONCLUSION AND FUTURE WORK
In this paper we built a meta search engine which combines various
heterogeneous search engines to a single interface. We propose
a scheme to leverage query modification using associations.Our
preliminary experiments showed significant improvement insearch
experience, as per user feedback. With the experiments we could
establish the fact that there exist commonalities in queries and their
modifications as formed by expert users and we can successfully
tap it for a normal user.

We successfully demonstrated the commonalities in queriesfor the
experts and how they can be tapped for the benefit of common user.
We would also like to study collaboration between users belonging
to communities based on interest, age group, demographics.

We would like to evaluate the benefit of template associations to
the user. How it saves user search time. We would also like to

evaluate how template associations are recommended for distinct
queries belonging to the same categories.

We would also like to study the effects of a spam user in the sys-
tem. How we can automatically detect spam activity and how we
can cluster users based on some confidence metrics, enablingus to
distinguish expert and novice users.

We also wish to reconcile associations which have the same mean-
ing. For example, our system considers these two associations dif-
ferent 1) obama=> obama born 2) obama=> obama birth. Even
though born and birth lead to same set of results. It would be useful
to reconcile associations with same meaning as one.

In our present system, we pick the top most association for a mod-
ule and show the results accordingly. It might be useful to retrieve
results for top 3-4 associations and merge results for them and then
present in a module. We could also show top k associations in as
also try link.
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