ARE WEB SEARCH QUERIES AN EVOLVING PROTOLANGUAGE?
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Searching information on the World Wide Web by issuing quetgecommercial search engines
is one of the most common activities engaged in by almost everyd&eh Web search queries
have a unique structure, which is more complex than just a baguals, yet simpler than a
natural language. This structure has been evolving ovepasedecade which is an artefact of
the way search engines are evolving and aggressively usedbéck from past users to serve
current and future users better. In this paper, we arguedgihaties can be considered as an
evolving protolanguage from functional, structural anahawical points of view. Therefore,
Web search logs, a perfectly preserved and rich dataseproéably reveal several interesting
facts about the evolution of protolanguage.

1. Introduction

Web users communicate their information need to a searcinerthrough
queries The fact that search engines do not really “understand’poocess”
Natural LanguagegNLs) drives average Web users to specify their queries in a
language that has a structure far simpler than NL, but psrivagge complex than
the commonly assumed bag-of-words model. In fact, Web begueries define
a new and fast evolving language of its own, whose dynamigevsrned by the
behavior of the search engine towards the user and that afsietowards the
engine. With a small number of highly popular terms and adamgmber of rarer
terms, search queries possess properties strikinglyasitoilNL, yet have several
unique features (Spink et al., 2001; Saha Roy et al., 201Hgy-define a language
on their own.

The objective of this paper is to present and carefully gtiaé the proposi-
tion that “Web search queries can be considered as an egqgivinolanguagée
While a couple of past researchers (Guichard, 2002; Dess&®6) have cur-
sorily mentioned this idea, there has been no detailed sisalgt least from the



perspective of language evolution, of the structure of igseand the nature of in-
teractions between users and search engines that havahésigtructure. Queries
are mostly formulated as short and ad hoc strings of words htile or no gram-
matical structure. They exhibit properties such as a relaward order, absence
of long range dependencies and relatively few inflectiohat have also been
suggested as features of a protolanguage. Therefore,irsgudyeries and their
evolution can perhaps help us understand the various fat&teguage and pro-
tolanguage evolution. This might be especially useful ghtiof the fact that
historical data and large-scale controlled experimergsnaajor bottlenecks in
language evolution research.

At the very outset we want to note that there is a fundametiffekeince be-
tween evolution of human language and that of queries: whil@an language
is used for communication between two human beings (prelsiyinaaving very
similar cognitive capabilities, queries are used as thenmedh communication
between a human user and a search engine, which are incdstgpaad only in
terms of their cognitive capabilities, but also in theirlbgical and cultural his-
tory of language use. This asymmetry between the commumicagents in the
context of queries can raise serious doubts about the bagiogition presented
in this paper. However, we believe that there is an alteraand perhaps a more
realistic interpretation of this communicative behavighich is to assume that
ultimately queries are actions of the users on a sharedeemaint represented
by the search engine. While the users might believe that tfteeganmunicating
their information need to the search engine through thedriga (which of course
is true), the search engine behaves pretty much like a btecklland its response
is dependent completely on the action-response of othes usehe past. This
is especially true for modern commercial search enginestwéxtensively rely
on user queries, URL clicks and explicit feedbacks on relegaf documents for
learning and improvement of the search models. Thus, we isaalize this sit-
uation as an indirect communication between two human usedsated through
a shared environment (or channel) which is the search entjireea well-known
fact that the channel (such as the structure of our articland perceptual de-
vices) has a profound effect on the structure and dynamitkeoévolving lan-
guage.

In the next three sections, we present analogies betweetesguand (proto-
)languages from functional, structural and dynamical pecsves. In the last
section, we present a synthesis of the salient ideas engefigim these three
orthogonal perspectives on queries that point to the stpangllels between Web
search queries and existing notions of protolanguage.

2. Functional Aspects of Web Search Queries

Web search queries are small fragments of texts (symbasgtie used to com-
municate the information need of an individual to a seardiren In this regard,



the basic function of queries is similar to that of languagésch is transmission
of information. Hockett (1960) proposed thirteen desigatdees of a communi-
cation system. NLs possess all these features and in thisrsa® see that a large
number of these features are present in queries as well. §bthese features,
such assemanticity, arbitrariness, discreteness andduality of patterning, are
exhibited in queries by virtue of the fact that the buildifgdis of queries are,
after all, words — which are also the basic units of NL. Howewéth respect to
some of the other features, NL and queries are analogougindtnucture and
function. We discuss the other design features here.

Vocal-auditory channel: All spoken human language is produced using the
vocal tract and auditory channel. While the role of vocaliugl channel is cur-
rently irrelevant for queries, they are produced and peeceby writing (typing)
and reading of text.

Broadcast transmission and directional reception: Human language can be
heard if it is within the range of another person’s auditdmarnel. Additionally,

a listener, who shares the same time and space of the spbakdhe ability to

determine the source of a sound by binaural direction findimghe case of Web
search, queries issued by a user are recorded in the seajide évg files. The

engine uses these logs to genexgiery completionfor another user. This way,
a query can be potentially broadcast to millions of new usérsiew user can
chooseto be receptive of these completions (similar to signalsghgbling this

specific feature on their search engine.

Rapid fading: Waveforms of spoken language dissipate over time and do not
persist. A hearer can only receive specific auditory infdiomaat the time it is
spoken. This feature is related to the modality of language, as queries are
mainly textual, they are therefore less ephemeral thanesplainguage.

I nterchangeability: A person has the ability to both speak and hear the same
signal. Anything that a person is able to hear, s/he has tiigyab reproduce
through spoken language. Similarly, users have the albditynderstand and re-
formulate somebody else’s query. If a person has seen a,gikeycan also use
that query.

Total feedback: Speakers have the ability to hear themselves speak. Through
this, they are able to monitor their speech production atetralize what they
are producing through language. A user also knows what cgfagyhas issued,
monitors it and internalizes its use.

Specialization: Human language sounds are specialized for communication,
that is, humans speak mainly to transmit information. Queroyds too are spe-
cialized for specific information needs of the user.

Displacement: NL has the ability to refer to things in space and time and
communicate about things that are currently not presentri@sialso allow the
users to seek information about past and future events ectshj

Productivity: NL allows for the creation of new and unique meanings of ut-



terances from previously existing utterances and souridewlise, a pre-existing
set of words (around 1.2 million in our dataset sampled thhoBing Australi&)
can be combined to formulate unseen queries.

Traditional transmission: Human language is not completely innate and ac-
quisition depends in part on the learning of a language. $Jsan learn how to
formulate queries from search experts, engine guidelbeesks (Ray et al., 1998),
engine feedback and mimicking other users.

Thus, from a purely functional perspective, Web searchigsetrre very simi-
lar to NL.

3. Structural Aspects of Web Search Queries

We analyzed arounth.7 million Web search queries collected through Bing Aus-
tralia in the year 2008—'09 to understand query structuhe dverage length of a
query in this dataset was found to $&ords, which is much higher than the ear-
lier reported average @21 words per query (Jansen et al., 2000). Short queries
(one or two words) constitutes.96% of the queries and are mostly named entities
and dictionary entries. Long queries, which have nine oreweords and com-
prise only3.23% of all queries in our dataset, are generally grammaticaltyect
natural language sentences, computer generated erroagessand song lyrics.

Traditionally, queries were assumed to be an unordered keyaords, com-
monly referred to as the bag-of-words model. While this mgjfit be the case
for short (< 4 words) and a significant portion of medium length (betwéemd
8 words) queries, the latter often exhibit more complex stmecthan a bag-of-
words model, but not as complex as NL. For example, the qgiery config nokia
n96 telstra australias clearly not semantically equivalentt@stra gprs n96 con-
fig nokia australia This is largely due to the presence of multiword expression
(MWESs) and conceptual units within such queries. Medium tlergueries are
on the rise today owing to the vast improvements in the perémce of search
engines on such queries.

Although a random permutation of the words within a querystoet neces-
sarily lead us to a query which is semantically equivalértirns out that queries
can almost always be segmented into contiguous chunks afsarch that all
permutations of these segments represent semanticailyaéent queries. Recent
research has established the usefulness of query segietadl the presence of
a structure in queries using a variety of Web resources tonaplish the task (Ha-
gen et al., 2011). Segments can be considered to be broaip types -heads
representing the core information need, amatlifiers indicating specific intent of
the user (Saha Roy et al., 2011). The semantics of querienddargely on the
interaction and dependencies between heads and modifiere&x&mple, in the
querycompare internet explorer and mozilla firefamternet exploremndmozilla

@http://www.bing.com/?cc=au



firefox represent heads, whitompareandand appear as modifiers. More com-
plex dependency models have also been proposed for quBeesi€rsky et al.,
2009).

There have not been many studies to understand the uniguesdiit struc-
ture of queries. Barr et. al. (2008) showed that 70% of alldsan queries are
nouns, followed by adjectives (7.1%) and prepositions¥d.7In a recent study,
Saha Roy et al. (2011) have shown that word co-occurreneeriet constructed
from query logs reveal interesting similarities and défieces between queries and
NL. Like NL, a two-regime degree distribution in word or segmhco-occurrence
networks of queries reveals the existence of a small kemmeblaavery large pe-
riphery. But unlike NL, where a large fraction of sentencessfarmed only using
the kernel words, most queries consist of units (words/segs) both from the
kernel and the periphery. Word co-occurrence networks fohhlve small aver-
age shortest path (the small world effect) which, it has lzguoed, facilitates fast
word access in the mind. The analysis of query networks thows that queries
do not exactly behave like languages at a cognitive levelshare sufficient sim-
ilarities to rule out the possibility of them lacking anydiuistic structure. Hence,
they might be considered similar to a protolanguage evgligtween humans.

There is no concrete empirical evidence for the existengeratblanguage,
though “the hypothesis of a protolanguage helps to bridgeotherwise threat-
ening evolutionary gap between a wholly alingual state aedull possession of
language” (Bickerton, 1995). There have been several $gtéms and sugges-
tions on the structural aspects of a protolanguage. Wrayg)1&% Smith (2006)
suggest that protolanguages have short sequences of systheig into ad hoc
sentences, a feature characteristic of queries, in thavbege query is signifi-
cantly shorter than the average natural language sent®sssalles (2006) sug-
gests that there is no consistent ordering of the symbolpintalanguage, nor are
there inflections or long range dependencies. Queries fielhwith this hypothe-
sis too. Wray (1998) and Dessalles (2006) further suggesptb#olanguage has
a simple or no grammar, which is true for queries. Wray (199f) suggests that
there are a limited number of referential symbols in a pastgliage, which is not
true for queries. This claim, however, has been conteste8nigh (2006). We
note that for queries there is already an agreed-upon huggbutary that consists
of words that we have readily borrowed from NL. Words spectdithe query lan-
guage or new interpretations of existing symbols (if ang)faw (e.g.wiki, which
generally indicates that the source of the result pageddhewikipedig.

4. Dynamics of Web Search Queries

Search engines ammplex adaptive systertisat are able to communicate with
humans and evolve at two levels — algorithms and models.cBeagines have
come a long way since the first generation search systemsr{fdnB1994). Even
though search engine companies rarely publish parts afititernal algorithms,



the huge volume of Web IR literature over the last decade indination enough

that search algorithms have evolved. Algorithmic evolutior search engines
include more sophisticated machine learning algorithnmgdaoking and use of
a higher number of features for retrieval. These changearatgous to agents
undergoing anatomical modifications over several yeatse-thie unique structure
of the vocal tract and the descended position of the laryhyimans (Hauser et al.,
2002).

Evolution of the model, on the other hand, is informatiort tha search sys-
tem learns from user interactions and uses to present lvestelts in the future.
Models are learnt by the search engine through constanfemsaback and pref-
erences gathered during the course of Web searches. MomaanedWeb data
is crawled to make better document models. More query logsised to build
better query analysis models. Query log analysis can betosstddy individual
search behavior, query duplications, user sessions amg qoeelations (Silver-
stein et al., 1999). Clickthrough data (Joachims, 2002; Xual., 2004) and
pseudo-relevance feedback (Yu et al., 2003) are also usegdogh engines to
enrich their models of relevance.

This evolution of models is similar to the cultural transsiis of language.
Adaptation of the search engine is a population-level phreron, where indi-
vidual users are agnostic to the fact that their interastisith the search engines
indeed affect the response of the search engine for othes asel vice versa.
Cultural transmission for the language of queries can beidered from two as-
pects: Experts teaching novices how to search, and new lesersng search
tips and tricks from the collective knowledge of the Web, elevant books (Ray
et al., 1998) — like traditional language transmission. Adividual's competence
in language is derived from data which is itself a conseqeafahe linguistic
competence of other individuals (Smith et al., 2003). Mod&eories of cultural
evolution recognize that cultural traditions are socigdnsmitted from person to
person between and within generations (Steele et al., 20idlyidual click data
or search engine use affect the engine as a whole. Userswimgiyp affect the
response of the engine towards other users, effectivelgtnéting information of
some kind through the engine.

Incorporation of user feedback has tremendously improkedperformance
and perception of the popular commercial search enginesleWha algorithmic
components of a search engine rarely make any attempt tostadd NL or com-
plex queries, search engines can intelligently processo@nplex queries just by
learning from past user behavior. This gives an averagethedémpression that
the search engine is indeed getting smarter, and conséyjtiesy are motivated
to formulate more complex queries. This results in a popaevel snowball
effect leading to increase in the structural complexityhaf queries.



5. Discussions and Conclusions

In this research, we have highlighted some similaritie$ Yab search queries
are observed to share with an evolving protolanguage, @suidence from three
different aspects. First, the function and some of the Hasitures of queries are
similar to that of NL. Second, the structure of the queriesiarbetween that of
a random bag-of-words and a full-fledged NL form. Nevertbglehis structure
seems to be evolving in complexity. Third, the evolutiondyyamics of queries
is analogous to models of cultural evolution for languagkh@ugh this evolution
is actually an outcome of the interactions between the wsathe search engine,
it seems as though the search engine is itself evolving énpttacess.

In conclusion, we would like to draw the attention of the laage evolution
research community to Web search queries, which can prewidenmensely po-
tent source of data for understanding the structure andmlipsaof protolanguage
and NL evolution. Nevertheless, one must also keep in miedaétt that after all,
queries are issued by agents, and search engines are debigeagineers who
already have a very complex linguistic communication sysiteplace to express
their ideas. This will surely bias the evolution of queriescertain directions
which may or may not reflect the true evolution of a protolaagg!
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