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ABSTRACT 
T he e 8JlIat io li of scholarly commun ica tion items is now 
large ly a mat ter of expert opinion or metrics deri ved from 
cita tio n dal a. Bot h '1,pp roaches can fail to take into account 
the m')' riad of fac tors that shape scholarly impact. Usage 
data has emerged as a promising complement to exis t. ing 
me t hods of Glssessm n t but the formal groundwork to reli­
a bly a nd validly apply usage-based meLrics of scholarly im­
pa,t is lacki ng . T he And rew W. Mellon Foundat ion funded 
IvIESUR p roject onst it. u tes a systematic effort to define, 
va lidate and ('[oss-va lidat e a range of usage-ba..'ied metri cs 
of scholarly impact by creat ing a semant ic model of t he 
scholar! communicat ion proc :·s . The constructed model 
will serv as the bru:; is of a c reating a large-scale s mantic 
ne twork t ha t seantIess ly relates c it a t ion, bibliographic and 
usage d a ta fro m a variety o r sources. A subsequent program 
tha t uses the es tablished semantic network as a reference 
data set \ ill de termine t-lw ch aracter istics and semantics of 
a vc.L[ ie ty of Ilsage-ba.s 'd met rics of scholarly i"lpact.. T his 
paper { ll t line.' the arc hi t e ~ ture a nd methodology adopted 
by the !vIESUR project and its fu ture direction. 

Categories and Subject Descriptors 
1.2.4 [Knowledge Representation Formalism s and M e th­
ods]: Semant ic Nt'tworks; H.2.8 [Database A pplications]: 
Da t a m ini ng; 1-1.3.7 [Digital Libraries]: Collection 

General Terms 
Digital lib rar ies , usage da a, impact, scholarly evaluation, 
semant ic networks , model ing, RDF, OvVL, architecture, stan­
dard ti 

1. INTRODUCTION 
T h' quantita t ive . sses~ment of scholarly communication 

ite ms and t he agents responsible Cor their production is a 
matte r o f increasing im port ance with in a cont inuously ex­
pa nding aIld div rsi fyi ng scholarl landscape. It has now 
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become com mon to lise citatioll datR. to ~ses~ the impact of 
journals, journal a r tic les , their aul hors , a nd Lite inst it ut ions 
they are affil ia ted wit h_ Such &i!-i ssmen ts frpqllen t.1y influ­
ence funding and promotion decisions [7 , 33, 36] . 
Scholarly communica tio!l is a rr1 u lt i- phaspd process that bc­
gins wit h the germ inat ion and d evelopment of a.n idea, re­
sulting in its publ ica tion in a peer-rev iewed journal and 
subsequent :i tations to tha t or igina l p ublication , it.a t ions 
therefore reflect th formal end-result of th is pro('~s. How­
ever, throughout a ll phases o f the schola rly process , schol­
a rly communication items a re downloaded , read , and other­
wise ('ons ll l ted. It is therefo re reasona ble to e xpect. that the 
analysis of usage data can lar! to a di ffe ren t a nd po te ntia lly 
more complete pPrs pect ive on scholarly im pact t.ha n ita tion 
data alone can provide: 

• Usage precedes ci tat ioll , thereby serving as an earl ier 
ind icator of scholarly im pact [1:3]. 

• Usage can be recorded for a range o f s holarly com­
municat ion items that extends beyond journa l a rt icles, 
and for a community Ilut restrict d to authors of jour­
nal articles. 

• Usage ca n reflect many d ifferent aspects o f scholarly 
impact by being re orded at mul t ip le loca t ions across 
the spectrum of d igi a l infor lllation services , e.g . pub­
lisher 0:~rvices , ins tit u t ional rep os itories , inst itu t ional 
link I,'solvers, te. 

Csage data thus holds the pr mise of gTeatly expanding 
the possibilities for scholarly assessm nt. For exam ple, in­
stead of evaluating scholars only by the number of ci ta tiulls 
thpir articles receive in the published literat ure , t he ir wo rk 
could in addition bp evaluated in terms of It 'v well- read 
their articles are among s t udents and prac tit i om~ rs. The po­
tential value of usag ~ da ta is illus t ra ted by numerous pu bli­
cations that find int riguing overlaps as well as discrepancies 
betwe n ci tat ion- and usage-based scholarly impact [3 , 6 , 1:3, 
25, 26] . However, usage data and corresponding metri 's of 
scholarly impact ha ve not ye t made inroads as relia.ble and 
communi:,y-accepted components of the t;oolk it ava ila ble for 
scholarly assessment. 
The reasons for this lack of ace p I a nce are m an ifol d but the 
most important ones ca n be su mmarized as fol low, : 

1. O b tain ing usage data: privacy issues and the lack of 
usage recording standa rds as well a.':i s tandards for the 
aggregation of usage da ta make it d ifFicll lt to es t,a bli!:dl 
reliable, aggrega ted usage data sets. 

2. Sampling : usage da ta is generally recorded uy informa­
tion services ded ica ted to a par t icular user community. 



PHASES 1 & 2: PHASE 3 : PHASE 4: 
Modeling and data aggregation Characterization Metrics definition and val,dation 

Figure 1: Overview of MESU R project phases. 

It b theref Jrc di fficult to generalize a ny findings based 
on s tich com munity-speci fi IlS' O'e data to the general 
schola rly cornmu ni ty [5]. 

;3 . C ross-vFtlidaLi on: t he lack of da ta sets t hat combine 
usage da ta with other sources of information limits 
the possibilities for rhe cross-validation of usage-hds~'d 
metrics of s hularly impact. 

4. Met rics : an enume ra ble number of possible indicators 
of schula rly impact can be defined on the basis of usage 
el a ta. V\lhich a re most etccurate , rel iable and appropci­
a te for ,1 pnr t icular communi t.y a nd domain? 

An a nalogy to t h is situa.tion existed in the domain of Infor­
ma t ion Retr i(wal where a my riad retrieval algorithms could 
be a pplied to a va riety of d ifferent, tex t. data sets, making it 
impossible t.o generalize the actual perfurmance of an algo­
rithm beyolld the pa rticulrt r da ta set to which it had heen 
applied . T he lack of a standa rdiz d framework to define and 

al idate var i liS re t r ieval algor ithms hampered a n obje ·tive 
compar ison of their effectiveness, and consequent ly their ac­
cep tance and t ransfe r into the marketp lace. T his issue was 
art lressed by the TREe l:22] conf rences on three levels: 

1. D finil i(J tl l)f standardized t ext data sets and related 
ret rieval t asks . 

2. C umpet it ion of various ret rieval algorithms 011 the ba­
sisof( l ) . 

3. S a nd a rd ized eval uation and comparison of algorithm 
performance as observed in (2). 

T he TREe conf rellces have played a vital role in the de­
velopment of the inform a.t ion ret rieva l domain. T hey have 
fos te red innovat ion by offering a standardized platform for 
the defin it ion and assessment of various retrieval algorithms. 
T he TREe mod el ha..., been successfu lly a pplied in ot he r ar­
eas such a:-; knowledge discovery Fllld datamining [1 4], psy­
chology and sucial science . 
T he '1ES R l pro ject, a two-year effor t funded by the An­
d rew W. Mellon Founda tion and executed by the Digital 
Library Research a nd P rototyping Team at the Los Alamos 
National La boratory (LANL) Research Library (RL), seeks 
to per fo rm a s imilar fu nct ion for the development of usage­
based me t rics of schola rly impact, although it deviates from 

I Pronounced "meas ure", a.n acronvm for " j {etrics from 
Scholarly T.sage of Resources". " 

REe 's open com peti tion model by imple meJl t ing a n inter­
nal progmm for t he definition ami validatiun of u@ge-based 
metrics2

. T he MESU R p roject wi ll proceed acco rdi llg to t.he 
fo llowing p ro ject phases as depicted in Fig. 1: 

1. A model of t he scholarly communication pro­
cess: T he MESUR project wi ll defi llE~ a model of the 
scholarly communi a tioll process , re pr !-iented C\,!-i a ll 
ontology, which formally spf'ci fi es thf~ relat ionships be­
tween a variety of often sepa ra tely repfP.S Ille i scho l­
a rly information sources , e,g. usage , ci t a t ion and bib­
liographic data. 

2. C reat ion of a r eference data se t : s ing t he cre­
a ted ontology as the integra tive fram work, tlw ,mSlfR 
project wil l aggrega te a nd organ ize la rge-scale scho l­
arly data into a fin e-granu larity sem ant i(' networ k th rt t 
will serve as a reference data set fo r subsequent inves­
tigations of usage based metr i c~ , 

3. C haracterization: Since t his const it utes one of the 
firs t attempts to create a scholar ly re ference data se t 
at this scale H.nd granular ity, the MESl R p roject will 
study the very st ructure and properties of the created 
semantic network to d cpen our know Ie 1ge of the im­
portant demarcations and s tr uctural fea tu res of the 
schola rly communit.y. 

4. Metrics defini t ion and validation: he i\IESl. n 
project will define of a wide range of usage-ba.:;ed met­
rics, and determine their validi ty, rel ia bi lity ('tncl schol­
arly correlates on the basis of the creat ed refe rence 
data set. so that guidelines ca n be issued with rega rds 
to their semantics a llel a ppro p riRLe ('tp plica t ions . T he 
availability of a large-s ' a le referellce d a ta set allows 
t he similarities and di vergences be twf'e n var ious met­
rics to be at.tributed to the metrics themselves rather 
than va riat ions ill the underlyi ng usabe data sets. Fur­
thermore, the s tru :ture of metric correlations can be 
quanti t a tively st ud ied to reveal the various compo­
nents of sch() larly im pc ct and how to meitSli re them 
most accurately, cE. stud ies of human pe rsona li"y [16], 

T he following sections provid e all uverview or t he i\ I ESl -R 
projec t 's workplan itnd archi tecture. F irst we otl Lline the ba­
sic principles and a rchitec ture appl ied in our COllst ruction of 

2 Iowever, after that initi al period 2 year period , subseq uent 
projects may aim to achieve a pla t fo rm for p u hl ic competi-
ion 



c model of t he schola rly com munity process and the result­
ing reference data set. Second, we discuss t he anal sis of 
t he propert ies end cha rac teristics of this reference da ta set. 
T hird , we de tail the su bsequent p rogram for t he defi n ition 
and validation of usage-based met rics. 

2. A MODEL OF THE SCHOLARLY COM­
MUNICATION PROCESS. 

T he const ruct ion of a rpference da ta set th a t combines 
usage, ci tation and bibliographic da ta needs to be guided 
by an understanding of how these data sources a re related 
in the schola rly communi a tion process. Howev"r, to our 
knowledgf> no comprehens ive ontology of the scholarly com­
munica t ion p roce:;s exists t hat formally describes the rela­
tionsh ips between usage , bibliographic and ci t a t ion data, 
and can as such o'u ide t he n eat ion of a large-sca le re ference 
da t il seL from a va.rie ty of sou rces. Most existing scholarly 
onLologi s separately represent such information a.nd are fo­
cused on parti cu lar problem domains. A number of related 
efforts can however be identified . The ScholO nto project, 
[4 1, 40], proposes a n on tology to represen t scholarly docu­
me nts b ll t focuses on t he ir argumentat ive , narrativ struc­
ture. T he ABC ont ology [28], originally proposed as a con­
cep tu8.l model for t,he interopera bili ty of metadata on tolo­
gies, represenLs a range of scholarly ent it ies in an event­
drive n framework wh ich has par t ly insp ired our own effor ts. 
Goncal es (2002) [181 proposes an X~,1 L standa rd [or the rep­
resenta tion of d igital lib rary usage logs, but this schema does 
not model th ' full-range of sema ntic relationships between 
nsage, ci tation , a nd b ibliographi(' data. The Web ScllOlars 
project [23] defi ned an on tology to represent scholarly enti­
Lies :1 but. does not focu~ on usage data . I'll Kendra base 
projec t , a imed at svstems for Lh collaborative development 
of on tologies , contai ns a publication ontology4 as well but it 
is lara-ely fo cused on bib liographic informa t ion . 
To cons t ruct the ment ioned reference data set, the rela­
t ionships b tween t.h e various scholar ly information sources 
n ed to be f )rmctlly rn o lel d in more de tai l. The fvlESUH 
proj ect h RH t herefore dtined an OWL ontology [27] that 
can meaningfu lly integrate usage data with citation, bib­
liogr p hil' . i\]ld temporal data col ected from a varie ty of 
sepa ra te sour 'e5, a nd does so in a form that allows it to 
funct ion as the fo rmal fo undation upon on which research 
aud developmellt in the area of usage-based evaluation met­
rics can t ake p lace. 
T he iIESUR ont. ology is ba$ed on two princip les: represent­
ing the rela t ionsh ips between events and en tit ies involved 
in usage, citaLion and bibliographic data at a fine level of 
granular ity, but to restrict t he scope a nd detail of such repre­
senta t ions to dat a tha t can be rea listica lly obtained, stored 
anel accessed . For example, a lt hough the physical location 
and ac t ua l na me of a user cou ld be essent ial data poin t.s 
when one seeks to fully represent t he notion of a user, such 
da t. a is desirable nor prac tical to obtain d ue to privacy re­
stric t. ioll ti . The MESUR o ntolooy t.herefore does not include 
such elate enti ties ; it is a "realis t ic" ontology which tieeks 
to provide a prac tical, ra l her than an exhaus t ive framework 
fo r rep re~enting the scholarly communication process. 
The MESUR ontology which is presently in its initial stages 

3htt p ://www .kampa.org /phd / ont ology/ 
s _commun ity.h tml 
~http: //base 2.kendr a . o rg .uk / ma i n_p age 

of develo pment was inspi red by the bas ic cOll cept s underly­
ing the O ntology x C> framework developed by Righ t s . com. 
AILhough the latter is a p ropr i tary, largely Illl pu blished on­
t ology, it is based on common principles in the doma in of on­
tology development in pa rticular the no tion o f f'v('nt-babed 
n-ary relationships called " ' ontex ts". F ig. 2 d isp lays the 
bas ic st ructure of t he 1\1 -< S R ontolog, which acknowledges 
three abstract entities, Bam ly: 

1. Agent : authors, users, institu tions , e tc. 

2. Document : C1 l' t icls , jou rnals, conference p roceedi ngs, 
books, etc. 

3. Context : " ses" , "Cita t.ion", ;oI\l e tr ic", "CoAu thor:;," , 
etc. 

F igure 2: N otion of Context in MESUR ontology. 

The Context enti ty is a cruc'al compo nent of how t he 
I\1ESUR on tology represents usage. bibliogm phic and ci t a­
tion in format ion in terms of -a ry re lations hips ; c Co n t.ext 
ties Agent and Doc ument ell ti ties together t o xpress t he 
particular nature of their relat iollsh ip. Contexts a re sepa­
ra ted into two abs t ract Lypes, na mel

c
• Eve nts a nd States. 

An Eve n t exp resses the timed action of an Agent upon a 
Do cument , whereas a Stat e expres:ses a persis tent, stat ic 
state of a Do c ume n t or Agent. 

F igure 3: U se of Context class in M E SUR ontology 
to express usage , citation and publishing relation­
ships . 

Th following re lationships (and many others ) call be r p­
resented using this framework: 

• All author (Ag ent ) publishes (Context ; Even t ) a.n 
ar t icle (Doc ument ) 

• A u ser (Age n t ) uses (C ont ext : Event ) a journal 
(D ocume nt) 

~ ht tp ://www .o n t o logyx .c om/ 



• A n article (Docume nt ) cites (Context: Stat e) an­
other article (Docume nt 

• An author (Agent ) is a C oauthor (Context: Stat e) 
with another author (Agen t ) 

• A journal (Do c umen t ) has an Impact Factor value 
(C o ntext : State) of 0.7!) ( l iteral ). 

F ig . 3 provides a visual example of how different cont x ts 
can express d iffere nt document-agent relationships, bu t omi ts 
t he requ ired OWL terminology and spe ifications. 
Bibliographi c a.nd demographic information are stored as the 
proper t ies of instances of the Document and Age nt classes 
re~ pec t.i vely. T he fo(, us in t he latter cases aga in is on t he 
data tha t. is rea lis t ica lly ob tainab le and required to achieve 
~lESUR. project bjec:t iv "s, rat her than a theoret ically ex­
haustive descr ipt ion of eit her Doc ument or Agent enti ties. 
The prp::;e llt version of the l:VIES UR ontology can be ac­
cessed at http :/ /www .mes ur . o r g /s che mas /2007-0l/ 
mes ur / a nd is con tinuous ly under development as it is be­
ing used to aggregate and normalize data obtained from a 
var iety of resources. 

3. DATA AGGREGATION 
After establishing a nlOdel Llf the scholarly communication 

process actual cia ta-n eels t o be obtained and stored to create 
t he mentioned reference d a ta set that will serve as t he basis 
of a program for the defin ition and validation of u::;age- based 
m t.ries . Th is r f~rencp dat.a set, needs to be of sufficien t 
sca le to be representati ve of the scholarly communicaLion 
process. In t his sec tion we d i 'cuss our efforts to achieve and 
store fiuch a re fere n 'e d ata set. 

3.1 Sampling and scaling 
T he realizaLion that st ud ies of usage-based scho larly eval­

u ' t. ion metrics requ ire data sets of sufficient scale and gran­
ularity has pro mpted a number of efforts to aggregate and 
combille usage da ta with oth er schola rly information. Bollen 
et al (2005) [3] propose an a rchitec ture for the large-scale ag­
grega t. ion of usage data recorded by linking servers, encoded 
as O pellURL COll textO b jects and aggregated by means of 
t he OA I-Pl\UT standard. T he COUNTE R projectG [39] has 
established a stannard framework for expressing large-scale 
usage stat ist ir-s of scholarly journals as reco rded by on- li ne 
p blisher ::;ervices . T h SUSHI project7 a ims at making 
COUNTER data harves table. The In teroperable Re posi­
tory S t.a tis t ic~/' project. looks into the definit ion of iIl Le r p­
crab le usage s tatist ics for OAT-P MH-compliant repositories 
(i ns tit ut iollal and discipline-based). T he C it eBase project'! 
extracts cita tlons from on-line, freely available publications 
and records its local web site hits to ofTer services that con­
tras t the resulting usage data to it t> collections citation ra tes. 

owev" r, none of t he ment ion d proje t s have implemented 
an integra tion of usage, cit a t ion and bibliographic data ac ross 
a manifold of inst it utions and at the scale and granular ity 
that cha racter ize::; t he rvfESUR project. For example , t he 
LAN L RL has aggregated one year of linking :::;erver data col­
If>cted from 23 Californi a Sti'ttf> l ni versi ty (CSU ) campuses. 

Gh t tp ://www .pro j ect counte r .org/ 
7http: // www.n iso.org ! c ommitt e es/S OS HI / 
SUS HLcomm. html 
Khttp: // i rs.ep ri n ts.org / 
Yhttp: //www . ci tebas e. o r / 

T his data concerns a tot al of 167.204 users a lld 2,1:3:1, :=;56 
documents, and can he considered one of the rno re dive rse 
and de tailed usage data sets that have been ob ta ined fo r re­
search pu rposes . However , the CS- - da ta ll;;ag . da ta is not 
formally integrated with any cita tion or bibliograph ic data, 
and does not represent a s igni fi cant sam ple of t he scholarly 
commun ity. In comparison with th is init ialive, t he t- rESUR 
pro ject seeks to aggrega te W:i ClO-e, citation a nd bibliogmphic 
data for: 

1. At leas t 50 million documents , includi ng all associated 
metadata and refer nees. 

2 . Approximately 70 million users a nd au thors combined. 

3. Approxim ately 1 bill ion usage events and 500 m illion 
citations. 

4. A sigllificant sample of the world's major pub lishers 
and scholar ly inst it ut ioIls incl ud ing t he largest Iibrctry 
consort iCl.. 

ccording to the above descri bed ontology, th is nu mber of 
scholarly -en tities will result in abo ut 3 to 5 b ill ion sem all­
tic relationship sta tem nts, i.e. (Subjed . Pred icatf>, O b­
ject) tri ples, pertaining to a variety of combi nat ion:::; of us­
age , cita tion or publication events. Given t he large scale of 
]IvI ES R's intend d reference data set, two equa lly im por­
tant issues nd to be addressed . F irst , ag re me nts lleed t o 
be achieved with usa o- data p re vide rs to furnish usagp d a ta 
in suffi cient quan tities to ach ieve a s ign ifi ant sample of the 
scholarly community. Second , an arch iLe t unII framework 
needs to be cre ·Ol.ted to aggreoa te, normalize and store schol­
a rly data at such sca le. 
T hese two issues will be d isc ussed in t he following section::; 
beginning with an overview o f MESllR effor t:::; t o obta in us­
age from a var iety of providers and detaili ng the proj t t's 
pa rticular data acquis ition, pars ing and s torage approaches. 

3.2 Project Collaborators and partners. 
T he IVIES R project is critically depend nL un usag data 

that is provided by an as wide an a rray of prov iders and in­
stit ut ions as possible, to ach ieve a referen ce data set t.hat i ·· 
rnax imall representative of the scholarly conmlun ity. T he 
MES R project the refore contacted c wide range of po ten­
ti al providers of usage da t.a and provided them with a check­
list of requ 'sted and df's ired data items as well as a state­
ment with r gar-ds to MESUR's privacy guide l i ne~ . able 1 
thema t ically summarizes the rf'quested data items and p r i­
vacy guidelines , t he lat ter of which ap ply CLl all sl a k .holders 
invol ved in the record ing of usage da ta. 

l 'IESU R has at t his point achieved collaborat ive agree­
men s with a large number of partif's, including a set of un i­
versity library consortia, nationa l lihra ry service providers 
a nd internationa l publishers. Furt hermo re, the CO NT..JR 
Ex cut ive Committe has xpressed it s will ingne '5 to p ro­
vide community support and collaborat with l' SUR on 
issues re levant to t he assessment of scholarly impact such as 
extensions to the COUNTER Code of Practic{' and exam in­
ing t he possibil ity of a Usage Impact Factor. 

3.3 Aggregation, filtering, parsing, and dedu­
plication 

P rocess ing raw usage data from a va riety of sources enL, ils 
four d is t inct issues which the ME SU R project 'lcknowledges 
in its infra.'3t ructure : 



Data requirements . 

Data Req uirement 
G ranularity Ability to separate individual events and types of events pertaining to spec- inc docurnents. 
Agent or user identifier Identifier of age nt , user or session, e.g. session ident ifi er , user login, IP add n 'ss or other. 
Document identifiers Ident ifi er of object which is subject of event, e.g. DOL PI\ifID, URI, local 10, or other. 
Event time Abili ty to ex tract. date and time for individual events at second, minute or hour granula rity. 

Stakeholder privacy. 

Sta.keholder MES 'R privacy guideline 

Individual user 
Institutional Privacy 
Usage data provider 

User identity will never be revealed. Usage data can be rtnonymiz d by provider or T'd ES CR . 
Institutional identity will only be reveal d at consent of ins titu t ion . 
P rovider ident ify will only be revealed at consent of p rovider. 

Table 1: Summarized data r equirements checklist and privacy guidelines for pot ent ial usage data providers 

l. Aggrega tion and large-s a l J a ta ma nagement. 
2. F ilter ing , i.e . the removal of automatically genera ted 

usage e ents, <, .g. t hose ca used by crawlers, spiders 
and bots . 

:3 . D -d uplicaLion , i.e . the iden tifica tion of events that 
pertain t ) iden tical docu ments. 

4. U llc ~ r Laj nty q uant ifica tion, i. e. determin ing the valid­
it and noise-levels of obtained usage data. 

T he IES fR project acknowledges that there exists a 
multi t. ude o[ di ff ren t methods to record usage and that 
potential par tners of the project will each have adopted a 
particu lar config uration of methods, systems and formats. 

he aggr gation of usage da ta from a var ie t.y of sources, e.g. 
we h serVf' rs , link re!:!olvers, and specialized databases appli­
cations, represe nts a considerable challenge. A large propor­
tion of t he ME SeR project's resources is therefore ded icat _d 
tu this la.'ik in orde r to red uce t lte effort required of indiv id­
ua l usage data providers R,lld thus reduce the threshold for 
their parl.ic ipation. 

As chown in Fig. 4, the project hrchit.ecture is geared to­
W i: reb accepting raw u.-·age data from a variety of sources 
sLlch as ind iv idual lih raries (or consortia) and publishers. 
Afte r a screening process to determine whether the pa rt.icLl­
lar usage da ta contains the MESOn -required data items (see 
Tal Ie 1), t he usage data sets a re t ransfered from the usage 
da ta provider::; by a ny J rovide r-pr 'ferred means, e.g. FT P, 
::;p('ll r transfer , or physical med ia such as DVD. Since user 
and instit ut ional p rivacy a re important isslles , usage data is 
always a non. ' rn izcd , ei t her in advance by the provider or by 
the lvlESUR project. before processing comltlen ·es. Specific 
privR,cy guidelines a pply to all levels of this process (see Ta­
ble 1). 
Tn ilodi t ion to a nony mizat ion, the M S R project also records 
da ta provenance info rm a tion at t his p rocessing stage. T he 
logis t ics involved wit h t.he management of large-scale us­
age data sets from a variety of providers represents a major 
challenge. T he origi n , manipulation and quality of each us­
age d a ta set ne ds to be carefully documented to ensure 
fu t ure eri fi ca.t i n of ~lfES R results. The MESe R project 
has t.herefo re developed an XivIL Schema to represent ori­
gin, lineage , a nd da ta quality informat.ion, so that an XML 
formatted dat a file cau accompany all provided usage data 
s(-" t.s t.o record all proj ect relevant ddails with regCLrds to its 
proven ance. An verview of this schema is shown in F ig. 5. 
T he sch .ma , which is st ill under development, is published 
on the I\rESUR web siLe: 

h ttp: //www.me su r .o r g/ sc he mas/2007 - 01 /p rove na nc e . 
xsd. 
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F igure 5 : Summarized XML schema t o represent 
usage data provenance, lineage and data quality in­
forma t ion. 

Aft r the record ing of provena nce da ta, t hp raw usage data 
is filt ered and pa rsed by a set of p rovider-specific pa rser::;. 
The filtering process entails t. he det .c tion and exclus ion of 
usage events which have b ell caused by robots, <Ta If' f's , 
spiders and other non-human agents. Detect ion of such spu­
rious events is cond ucted by t. aking into account a varie ty 
of statistical parameters associated with t he on line behav­
iors that cha racterizes non-hu m n agents . Event excl usion 
rates in the filtering process in addit ion provide an indica­
tion of the reliability of the particll iar data set ; the nu mber 
of non-human agents increases the Il nce rt a inty by which the 
log da ta expresses valid usage. For that r a::;O Il . data q uality 
metrics such ct.,'; event exclusion rates :an be added to the 
usage data's provenance information at. thi ::, pha::;e. 
In addi t ion to being parse I and fi ltered , the provideci usage 
data must also be de-dup lica ted, i . . usage e enLs pe rta ining 
to the same docu rn .nt must be identified to avoid duplicate 
en tries. Clea rly this is more an issue for ar tie! -level usage 
data than it is for jour ai-level usage dat. a.. T lte rvIESl'R 
project leverages a de-duplica tion system t hat \vas dc"ployed 
in earii f' r projects. [t relies on a hibl iographic rn a.':i terI bt 
of more than 50 million documents on the ba::; is of which a 
set of ayesian a lgorithnls attem pts t.o identi fy an event' :; 
doc ument on t he basis of its ident ifiers and metadat a . 1(' 

an event's document match's an exis ting item in lhe ma.'i ­
terlist it is ass igned H pre-e ist ing int.e rn a.l identifi er. If not, 
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Figure 4: General data flow in MESU R proj ect. 

it is as ti igned a !lPI,: ' identifier a nd added to the mas t.e riitit 
itself. A~ ti uch , t he d ocument of a ny ti ubsequent event will 
be matched to a continuousl ex panding bibliographic mas­
t. rlist. 
A consequence of th is a pproach iti that. IIsage data will be 
most successfully de-d uplicated for those documents congru­
en t to t he pre-established mastc rl ist. This situation is repre­
sented in rig . 6; nw ny docum "ll ts for which usage da La was 
recorded will e ither not be included in the mas terlist or lack 
sufficient m 'I' d a ta a nd id "ntifiers to perform a sufficiently 

cc tlrate match; t hey will thus be de-duplicated less re lia bly. 
In ::;p iLe of t he lower rel iab ility of these con-congruent docu­
mnts, Lhey may still play an important role in subsequent 
invest.igat iuns . 
T he rvI ESUR project acknowledges that filtering and de­
duplicat ing raw utiage nata are inherent.ly statist.ical proce­
dures. De-d upli :aLion a nd fil t ering success rat s will t.h ere­
fo re need t.o be included in a,c;sessments of data quality; these 
will in their turn inform t.he re liabilit.y attributed to t.he out­
comes of a n.y subsequent da t.a analysis. T he latter is a com­
ponen t. of t. he proj eL's work plan re ferred to a.':i "uncert.aint.y 
quantifica t.ion'· . D ur ing the pro .essing of MES TR 's data, 
the pro jec t wi ll I' cord a Ve riety of indicators t.hat ex press t.he 
d.gree to which each sue essive stage of data processing is 
subject. t.o st c t.istiral errors, i.e. uncert.aint.y. T his informa­
tioll wi ll be recorded according t.o t he ment.ioned prove nance 
schema (se F ig . . 5). W hen fin a lly usage-be ed metlics are 
de fmed and validated in t he lat.e r stage::; of t he project., the::;e 
uncerta inty indicators will be compounded into overa ll ind i­
cators tha t express the re lia bility tha t. can be attributed t.o 
any of the pI' joeL'::; COIl 'lusions or guidelines_ 

3.4 Storage architecture 
Aftpr aggregation , fil ter ing , pa rsing, and de-duplication , 

the resul t ing usage data needs to be st.ored for fu t ure ac­
cess . T wo com petillg parad igms :an be considered for the 
storage of sem an tic information consist.ing of a mix of cita­
tion , oi bl iographic and usage data, namely the u::;e of rela­
t ional da t. aba:;es a.nd se ma ntic t.riple stores. T he former a re a 
well-established parad igm. However, a number of st.andards 
and Loo ls heLve emerg d in recent. years to encode ont.ologies 
and manage conform ing la rge-scale data set.s consis ting of 
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Figure 6: U sing a bibliographic reference data set 
to normalize and de-duplicate usage data. 

(obj ect , p redi cate , s ubjec t ) tr iples much li ke re­
lat.ional databases pres nt.ly s t.o re tabulated d a ta: 

1. T he -W'3C Rel-iourcp Oesc ript ion Fra mewurk (RDF IO) 
and Web Ontology La nguag (OWLll) provide XML 
st.andards for thp representa t ion of ont.ologiAs a mI se­
mantic network:;. 

2. Triple store database::; : dat.a base system::; tha.t effic i n t/v 
load , ma ni pulate, and query I rge-scale RDF tr ip le 
data seLs , e. g. Franz's A llegroGraph12, Kowari 13 a nd 
Oracle 109 + Spat la l14 . 

3. Access interfaces: Tri p le store qu ry la nguagps ti U 'h 
as RD QL (Jenna) , i _ QL (Kowa ri), R ed la nd (3s t. ore) , 
SeRQL (Sesame), SPARQL a nd customized front.-ell db 
based on P rolog a nd Lisp which ena ble conveniellt ac­
cess t.o t.he st.ored sets of t.r ip lps. 

T riple s ture data l ases ita e t.he ad vantage that t.hey are 
geared towards stor ing R.DF triples [3 1] a nd a llow sema nt.ic 

lO htcp ://www_w3.o rg / TR/rdf -concept s / 
Ilh t t p ://www.w 3 .o rg / TR/ o wl -features / 
12 htt p ://www.franz .com/pro d ucts/a l legrograph / 
13h t t p:// www.kowari. org / 
14ht t p ://www. o ra c le .co m/ tec hn o l og y / e c h / 
s emant ic ~echno l og i es / index.ht ml 



inferenl'i ng 011 t he ir cont.e Il t. Furth 'fmore, they oflc r nlUch 
greater flexib ility in te rms of data modeling tha n rela tional 
database do . O n t he other hand , their scalability and re­
tr ieval eHlciency are genera lly no t on a par with the most 
compet itive re la.tio nal atabase prochl ts . 
The i\[ESl R projec t has dec ided to leverage a combina­
t io n of rela t.io ll al da ta brL':i E' and triple store appronches to 
optim ize scala bilit a nd inference sp eed. T he MESUR re­
lational data bas e is u.sed to store a ll usage information for 
parsing and rle-duplicR tion, in ('onjunc t ion with a ll docu­
ment and agent metadata . Using the D2R Mapper [l]. a 
s t of N-t riplcs is generated from the re lAt ional da t i1.hase 
accord ing to MESUR's ontology. These N-triples perta in 
on l to semant ic information in which particula r ontolog­
ica l ent it ies a re ident. ified by means of unique UR I 's. 0 

actual agent, doc1lJllent or other meta data is included x­
c .p t vv here they are exppcted to be an essential part of fll­
ture m 'tr ies inves LigaL ions , e.g . agent a ffi liation data and 
metric va lues . The resulting N-triples are then loaded into 
the t ri p le s f ore. F r example, the triple store may con­
ta in n t r ip le stating t. hat t he Agent ident ified by the URI 
ht t p :/ / www.mesu r. org / #l "Uses" the Do c ument iden­
t ified by the URI htt p : // lNww . mesu r . o r g / # 2 , i. e. a to tal 
of :3 URIs (including t he " ses" contex t URI), but the ac­
t ual doc ll ment identifier, document. t itle, document author, 
US N affiliat ion , e te . would only be stored in the proj ct.'s 
re lational d a t nb lse . Any C RI will thus need to be derefe r-
nced from the relational cia abase when necessary, as shown 

in Fig. 4 . T his a p proach will increase the overa ll perfor­
mance a ld ::it a la bility of the triple s tore by not burdeuing 
it wit h un npcessa ry rne tadnt a. In adoi t i JIl, most inference 
algorithms ar ' not expected to require full item metadata 
all d enti ty URl '::; call be dereferenced from the relational 
database a ft er in f rencing has been completed. 

4. CHARACTERIZATION 
A fter the data, aggrega tion and normalization phas e, the 

r-. r • SU pro j c t wi ll be equ ipped with a large-scale reference 
data set t hat combines a mult it ude of primary and derived 
bi bliographic , itation, usagE' and temporal relationships in 
a triple sto re dat a base co nsi ti ng of 3 to 5 billion triples. 
In this p hase of tht' MESt R project , a lay of j he land will 
bf' in est igated, i.e. f he gen ral properties of the schola rly 
comm un icFlt ion process , so that it can guide the following 
p ro jec t phase that is focused on the defin ition and valida­
tion of usage-baseJ schola rly evaluation metrics. 
T here ex ists 1-111 im pressive body of lite rature on Lite sub­
jec t of cha rFlcter iz ing the schola rly communication process, 
bu t m ost of t hese ··t ud ies remain in the area of theoret ical 
scholo.rly reS i:Hch and are mainly based on citation or biLli­
og raphic data. We can distinguish two t.y pes of approaches 
in th is domain: 

1. uant itative ne t work metrics: pertaining to the g ' n-
era l gra ph-theore t ical propert ies of the r la t.ionshi ps in 
the scholarly domain. 

2. Quali tati ve descript ions ; exp lorative clustering and spa­
t ia l rn C1p~ in te nded to lucidate particular structural 
fea tur b . 

T he finot a pp r ach is strongly grounded in social netwurk 
analysis an I has proVf'n its value in a range of domains such 

as studies of the World W ide Web:-i struct ure. Its objec­
tive is to describe the general struej ura l prope rties of npj ­
works in terms of their t.opologica l fea t u res. For exa mple, 
Newman (2001) [34 , 35] exam ines th€' degree of lus te r jog 
in co-au tho rs hip and c it a. tion ne t works , a nd t. il . p resence 
of small-world fe a t ures in co-au t horsh ip lle tworks. .Jt:':ong 
(2003) [20] demons tra t.es t. he p [f~sence of prf'fe rcn t ia l at t ach­
ment in ci tat ion networks. Kretschmer et a!. (2003) [24] 
determine the cohes ion of ci ta tion networ ks . 
T he second approach is la rgely geared towards produc ing 
human-readable, explorative representa tions of t he structure 
of citation data. For example, Boyak (2002,2004 )2005) [10, 
8 , 9] produces th ree-d imensional m aps of t he s 'hola rly com­
m unity on thf' b?tS is o f it a tion data using the YxI nsight tool 
developed at Sa ndi a Laborato ries. The mappings 'ue gPll­

erated for di fferent time periods r vea ling scho larly t rends 
and emerging reoearch fronts. Ley .sJorff (2004 ,:2006 ) [29, 
30] uses a p rinci pa l component Et ll a lys is to cluster a nd orga­
n ize journals on the b a.c; is of the Jou rnal ~itnt ioll Recmo:-i. 
Chen (2001) maps the illtellectual s tructure of knowledge. 
Nagpaul (2002 )[32] visua lizes the structure of coopera t ion 
networks among Ind ian ins t it. u tions. 
However, few a ttem pts heLVe be n mad to to a pply t he men­
tioned analys io to usage da ta, or to compa re t he p ropp rLies 
of the scholarly comlllUllicat ion process (lcr ss the d iffer­
ent layers of bibliograp hic , 'ita t ion a1ld usage el at a. In one 
of the few publ icatio ns in t il la tter a rpa, Bol lell (2006) [4] 
ma pped the structur of t he A; L user com munity by ap­
plying a principa l com ponent ana lys is to journal relation­
ship mat rices deri ved from L NL w;age dat ' _ The resu lt­
ing maps wer com paree! to those generat.ed on t he ba~ is 

of citation data, j hereby revea ling research COll lmull it ies at 
LANL whose character is tics JilT ,red from t hose of th gen­
eral schola rly com munity. 
T he MESl. projec t's charaderization phase wi ll thus take 
place along three lines of explorc\tive r ~ear{'h. 
F irs t , data will be correlated across c·t fH..nge of la t a types in 
the created semantic network to val idate its conte nt. l S ge 
ra t s can for example be correlated to ci t lion ra tes on the 
level of a uthors, arti les , journa ls and pa r tic ular a ffi lia t ions . 
Discrepancies may po int t.o data errors or genui ne phenom­
ena in the scho larly commull ity_ A regr ssion a ll a ly.-is can 
reveal particular correlations between various primary a nd 
derived relat ionships, such as how part icular schola rly do­
mains, poten tially derived from bibliographi(' dat a, in fluence 
usage and citat.ioIl rates. The nature of t he generat d se­
mantic network will allow us to ::;eparat.e p;:u ( il' ula r s ubsets 
and investigate their re la tionships to other :ou bse ts. 
Second, the project will a im to det.ermine the to pologica l 
properties of the ge ll~rat ed sema nt ic netwo rk across all lay­
ers of bibliographic, cit.a tion and US[Lge data . T his second 
line of research seeks to quanti fY t he ow rall prop f;:'[ t ies of 
the generated sema ntic ne twork w,ing a set o f soc ial notv,/ork 
metrics, in particular fOCL s ing on the foll owiIlg indica lors : 

1. Topological parameters : Co hesiveness, d ensi ty, clus­
tering degree, cl iquishness, et.c. 

2. Small world fea t. ures: Degree clist rib ll t io llR , ne twork 
diameter, connected sub-com ponents, et c . 

The results of t his invest iga tion will serve to fur ther val­
idate and characterize t he ge nerat. ed semallti c nptwo rk by 
compa ring its features to t hose of ot her data sets such as 
e.g. the WWW. 



T he t h ird li ne of resea rch seeks to explore the rich set of 
re lationsh ips embedded in the generated model of the schol­
arly communicatioll process by m a pping and vis UClJiz ing its 
~ t nlct ure includ ing t he longitudinal aspects of scholarly trends. 
The following met hods a n be pursued: 

1. C luster a nalysis: Hierarchical and k-means on L1w ba­
sis of au t hoL article, journal and a ffi li a t ion data . 

2. Dim(:~ns ionality reduction techn iques: P rincipal com­
pcm n l ana lysis [21] or multi-dimensional scaling of 
a uthor , article , jou rnal a nd a ffi liation relationsh ips. 

3. LongiLu inal an a lysis: V isual mapping of domai n changes 
over time. 

• a ch p ro posed line of research ill this phase is intended 
il."i a n exp l ')ra t ive effort aimed a t d eterm in ing the overall 
prope rt ies of t. he g ·neratecl semant ic network and the de­
gree to wh ich the resul ts of such an investigation cau inform 
the subsequent defi n iti on of usage-ba.sed scholarly evalua­
tion metrics . This projec t phase is expected to encounter 
severe scalabil ity issues. Few statistical analysis packages 
have been des ig lled 1'0 ana lyz data sets of the s ize expected 
of t he gE!nera ted se mant ic network. Exi:;;t ing colla borat ions 
with t he Theoretical Phys ics and Compu ti ng divisions at 
the Los Ala mos National La boratory will be cruc ia l to suc­
cessfu lly c )m plete t his pha::;e of t he project. 

5. METRICS DEFINITION AND VALIDA­
TION 

T he r .s u lts of t he projec ts p revious phase will provide a 
fl n,t survey of t. he p r perties of t he scholarly communication 
process that will in turn pr vide the essential groundwork 
for the invest iga t io n of v iab le usage-based metrics. 
A my r iad of J iff TE' nt usage-based schola rly evaluation met­
rics can in p r in j p]p be proposed, but the issues a t hand are 
fi rst wh _ther and second how any metric actually reflects 
scho larly impat. T he lat ter two issues can be fnuned in 
terms of mel ric validi ty alld semantics: 

Metric validity Does t h III t ric actually indicate what it 
is in t ended to ind icat e, nam Iy scholarly impact? 

Metric semantics If so, what as pect or facet of impact 
does t he met r ic indica te , e.g. prestige, popular ity, no­
toriety, et c? 

T he 1 IESUR project aims to address these issues as de­
pic ted in Fig. 7. F irst , Ct wid range of plausi ble me t ric::; 
of scho larly im pact will be defined which will both adopt 
and ex tf' nd the set o f metrics presently proposed in the lit­
erat ure. e .g . the Read illg Fact.or [10], sage Im pact Factor 
[:)1 a nd the citation-de rived l SI journal Impact Factor [17], 
&'3 we ll a.-:; n ore str uc t u ral ind icators o f im pact, such as the 
most common socia l net work cent rality metrics [6, 2] ap­
plied tOil combina tion of usage , bibl iographic, and citation 
data. Hybrid metr ics of impact tha t rely on multiple schol­
a r ly informat ion sources h \'e fo u nd li tt le attention in the 
litemture; t he M ESU project will therefore be particularly 
active in this a rea. For eXEun ple , hybrid metrics of im pact 
could be defined tha t t.ake into account a combi na tion of 
usage a nd c itation rat es in addit ion to in ferences based on 
co- au thorship data. T he created reference data set wi ll be 
ins tr u mental in t he definition of such inference-based met­
rics. I ndicato rs of scholarly impact will be applied to a range 

of scholarly entities such as doc uments , journa ls , a uthors as 
well as institutions. 

short-list of the :lasses of usage-based met r ics of schol­
a rly impact that will be consid .reo in t he M ,,sUR project 
is listed b elow. 

1. Raw and norma lized usage fre()uencies . 
2. P ageRa nk [37, 12] a pp lied to usage ne tworks . 
3. H- index [19, 11] calculated for jo urna ls a nd authors. 
4. Socia l network cent ral ity metrics ' a lcula ted over a range 

of bib liogra phic, ci tat ion a nd usage-derived rel ctt ioll­
ships [42, 6]. 

5. Hy b rio metrics sLlch as the Y -fac tor [:2] . 
6. In fere llce- based lu eLr ics of scholarly im pc,ct rely ing on 

rule-based definitions of impact [38]. 

: : : -~ .- :: ::­
>. Prestige? .:: .'-. Popularity? 

SCS~~~~CY "O:::::""'i :::~: '~~m~"" 
·· .. r ..... .... • .. ; .. , 

normalized 
usage usage 

pagerank 

;:0 0 ·'··· .. ~~I ~~t~:: /0 0 
. 0·: ". 

reference 
metncs 

ciuster 1 
metrics 

usage .. 
count 

cluster 2 
metrics 

2a) metrlcs 
taxonomy 

Bibliographic, 
Citati on , 

demographic 
data 

F igure 7: Cross-validating usage-based metrics. 

T he second stage of th is process entai ls t he issue of met­
ric va lidity a nd is add ressed by a program of metric cross­
validation. T hi i:i requi res the use of re fe rence rne tr ics which 
have in the past p roven their abi lity t o indica te pa r t i ular a-0-
pects of scho larly impact. MESUR is cons id r ing us ing raw 
article ci t ation counts, as well as the lSI journal I mpact Fac­
tors and C OCNT ER stat istics for this purpose. T he latte r 
in particular will play an im portant role in the val ida tion of 
usage-based metrics s ince it i::; based on pu blisher-generated 
usage statistics. The abili Ly of a ny part icular me t ric to in­
d icate scholarly impac t, can be t hen assesse I b correlating 
its 0 11 Lcomes to those of the es t a blished refe ren e metrics. 
T hird , it is understood that each valida t.eel me t r ic will in­
dicate a diffe rent, but re lat.ed aspect of schola rly im pac t.. 
T he IVIESUR project will therefo re seck to determine t he 
sema ntics of the defi ned and va lidated met rictl. T his prob­
lem will be t ackled by a vCtriety of met hods. 'orre lati ng 
the ou tcomes of all va lid ated met ril.s will revea l cl usters of 
metrics which ind icate a sim ilar facet of sch I rly imp,. ct. I n 
fact, a taxonomy of usage-based metr ics ca n be der ived from 
performing a factor- and cluste r-analysis on t llP correlation 
st.r llct ure of the di ffe rt- 1t metrics, sim ilar to the research 
l hat led to the formulat ion of the B ig F ive mode l o f human 
personality [16] . Su b::sequently, the ou comes of groups of 
metrics can be correlated to ci tation and bibliogra phic data 
to interpre t their semantics. For exam ple, a lltlage-based 
metric whose results st rongly correlate with t he l SI journal 
Impact Factor and t he status of authors' a lma maters co u ld 



be in terpre t <;>d to in iical(' scholarly impact. 
O n t he bas is of t h is metr ic c ross-val ioation and int("'preta­
tion prngmm , the ~rESUR prnjPct will issue guidelines with 
regards to the val idi ty a nd semantics of a lilTge set of Uti age­
based me t r ic.'; , th ' it a ppropr ia te application and the degrce' 
to w hich t hey approach R,s pects o f ex isting indicators such 
as t. 1t lSI journal Im pac t Factor. 

6. TIMELINE AND DELIVERABLES 
As iden ti fi ed in the introduction the two-year IV! 'SU R 

proj ec t w ill proceed according to four distinct phases: def­
in it io n of a m odel of the schohxly communica t ion process 
(plwse 1), ago-regation of large-scale usage, citation and bib­
liogrnph ic data into a reference data set according to this 
model (ph R."ie 2) , the char ac ter izat ion of the scholarly com­
munity on t he basis of the created reference data set (phase 
3) a nd fi na lly a p rogram for the definition and validation 
of usage-ba ed metrics of scho la rly impact (phase 4), final­
ized b, the is:;u ing of a se t of guidelines with regards to ap­
plicatiOlls of usage-b a.':)ed m et rics of scholarly impact. The 
proj ~cl's timcl ine a nd del iverables are summarized in F ig. 
8. 
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Figure 8: Summarized two-year timeline for 
MES U R project . 

7. CONCLUSION 
Utiage d a t a b xpected to play an increasingly important 

ro lf' in the assessme nt of scholarly im pact. However, the 
accep t a nce of usage-based metrics for scholarly evaluation 
is laggi ng in spi te of the ir consid r ble potentia!. T his can 
be a t t rib ut ed to a nu mber of factors iden tified in the jntro­
du ' lion of t his pa pe r, but most importantly the lack of (1, 

s t andardized p la tform u pon which a program for the ide n­
ti fica t ion a nd vrtlidat.ion of a r nge of usage- based metrics 
can b e fo unded. Indeed, m ost inves tigat ions of usage-bN:.ied 
metr ics of schola rly im p act fo cus on single met.r ics whose 
cha rrtcte r istics Me ex plorer! on t he basis of usage data tiets 
re leva nt on ly to part icular scholarly communities. 
T he M ESUR p roj ect add resses this issue on multiple levels, 
F irst , the es tablishment of a model of the scholarly commu­
n ica tion proce:-:iS, i.e. an ontology rel a ting citation, b iblio­
grap hic and us age d ata, serves s the formal groundwork 
to organizt~ the multiple relationships between the prod­
uc t~ of t he' ~ C' h o l arly community. Second , on the basis of 
t! e d efi ned on tology a large-scale reference data set is cre­
a ted upon wh ich inves t iga t ions of usage-based metrics C i:LIl 

be conducted. T his re fe re nce data set combines usage data 
from a wide range of inst itutions to provide a representa.­
ti e sa mple of t he schola rly co mm unity. By its relations 
to ci ta tio n a nd bibliographic data, it can be vu,lidated and 

enriched, T hird, the i\ IESU H p roj ec t will ,t udy the prop­
e rt ies of t his reference data se t. 0 de te rmin e t he m aj or d e­
marcatio ns and cl us te rs of pract ice in the schola rly commu­
nity, a. fa.c tor which is knowll [,0 gT iitly ''Lffe t f.L"se:;sments 
of impact. Fourth, a multit ude of usage-ba.::;ed metrics of 
~cholarly impact will be de fined and vali da ted aga..i n. t t lw 
established refe rence d a ta se t. By doing so on a common 
platform, it is possib le to q uantita.t ively eval uate t he sem an­
tic and relationships of various metrics , the reby est aGlb hing 
a n unders ta ndin g of which aspec ts o[ imp ':l.c lh y represent 
and w here th y can or should be app lied . \Ve bel ieve the 
MESUR project 's role will not I. e li mited to its fiu a l ob­
jective, namely issuing a set o f guidc: lines w it h regards to 
usage-based metric , by es tahlishi ng a largt:-sca lc , sema nt ic 
refere-nce da t as t it I rov icl l?S the fou ndatioll fo r a cont inue 1 
development of this domain, a nd the p o,'s ibility of fL more 
accurat a nd com p lete assessment of scholarly im pact in the 
future. 
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