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Introduction
The quantitative evaluation of researchers’ 

activity is based on the principle that scien-
tific productivity is related to the degree to 
which  the  results  of  investigations  are  pu-
blished.  Research performance is a multidi-
mensional concept influenced by the ability 
of researchers to accomplish multiple tasks, 
including publishing, teaching, fund-raising, 
public  relations,  participation  to  meetings 
and  conferences,  and  administrative  duties 
(Nagpaul 1995). In  this context,  publishing 
capacity must be seen not only as a task for 
researchers  but  also  as  an  indicator  of  re-
search performance.

Evaluation  of  researcher  productivity  fol-
lows two main approaches: (i) peer-review, 
which  entails  researchers  submitting  their 
products to panels of appointed experts who 
conduct  evaluations;  and  (ii)  bibliometric, 
which  entails  calculation  of  indexes  based 
on  numbers  of  publications  and  citations. 

The latter indexes may also be used to  in-
form peer-review evaluations. The literature 
debating  the  pros  and  cons  of  both  ap-
proaches  is  vast.  Abramo  &  D’Angelo 
(2011a) provide  a  recent  overview contra-
sting  the  peer-review and  the  bibliometric 
systems for national research assessments.

In  Italy,  research  evaluation  has  been 
“strongly neglected” in the past (Abramo et 
al.  2011). The first  and only assessment in 
Italy  was  the  Three-Year  Research  Eva-
luation (VTR 2006) that appraised the pro-
ductivity for 2001-2003 using a peer-review 
approach.  The  recent  Law 240/2010  from 
the Italian Ministry for Research and Univer-
sity (MIUR,  Ministero dell’Istruzione,  Uni-
versità e Ricerca) requires development of a 
system for assessing the scientific producti-
vity of researchers in Italian universities and 
other public research organizations. Both the 
National Agency for the Evaluation of Uni-
versities  and  Research  Institutes  (ANVUR, 

Agenzia  Nazionale  per  la  Valutazione  del  
Sistema Universitario  e della  Ricerca)  and 
the National University Council (CUN, Con-
siglio  Nazionale  Universitario)  proposed 
bibliometric methods and a set of criteria to 
this  purpose.  This  new  evaluation  system 
will serve as the basis for assessing the qua-
lifications of candidates for new research po-
sitions in universities and other research in-
stitutions and for annual budget allocations 
from MIUR to universities and research in-
stitutes.

The  CUN (2011) announced  multiple  re-
commendations  specifically  addressing  dif-
ferent thematic areas of the Italian research 
system.  For  the  agriculture  and  veterinary 
area, one of the proposed main criteria was 
the number of scientific publications in jour-
nals included in the Thomson Reuters Web 
of Science (WOS) and/or in the Elsevier Sci-
Verse  SCOPUS.  The  ANVUR (2011) and 
CUN (2011) proposed  adoption  of  several 
criteria based on the number of publications, 
number of citations, and the  h-index calcu-
lated using the SCOPUS or WOS databases. 
Both CUN (2011) and ANVUR (2011) focus 
more on the criteria to be used in the eva-
luations  than  on  the  databases  which  they 
consider as equivalent.

Citation databases
Citation  databases,  also  called  bibliogra-

phic databases, are used to combine informa-
tion related to bibliographic productivity and 
to  facilitate  the identification  of authors  of 
publications and sources of publication cita-
tions.  A large  number  of  thematic  citation 
databases are available, but their coverage is 
limited  to  specific  academic  or  scientific 
areas. Other databases are more general and 
have been  constructed  to  cover  the  overall 
academic  productivity.  Web  of  Science, 
SCOPUS and Google Scholar  are the most 
well-known databases, and all three are used 
in the forestry sector.

Garfield (1955) constructed  the  first  cita-
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For long time a quantitative assessment of the productivity of Italian resear-
chers has been lacking; the first and unique assessment was the Three-Year 
Research Evaluation for the period 2001-2003. Italian Law 240/2010, ruling 
the organization of research and universities, requires a system for the eva-
luation of the scientific productivity of Italian researchers. In 2011, both the 
National Agency for the Evaluation of Universities and Research Institutes (AN-
VUR) and the National University Council (CUN) proposed a set of evaluation 
criteria based on a bibliometric approach with indexes calculated using the in-
formation from the Thomson Reuters Web of Science (WOS) or the Elsevier Sci-
Verse SCOPUS databases. The aim of this study is twofold: (i) to present the 
results of an assessment of the global aggregated scientific productivity of the 
Italian forestry community for 1996-2010 using the SCOPUS data available from 
the on-line SCIMAGO system; and (ii) to compare the WOS and SCOPUS data-
bases with respect to three indexes (number of publications, number of cita-
tions, h-index) of the scientific productivity for university forest researchers in 
Italy. Two subcategories of forestry were considered: AGR05 - forest manage-
ment and silviculture, and AGR06 - wood technology. Out of a total of 84 au-
thors, 76 were considered in the analysis because not affected by unresolved 
homonymity  or  duplication.  Overall,  the  trend in scientific  productivity  for 
Italian forestry is promising. Italy ranked 10th in terms of the h-index with an 
increasing trend in importance relative to other European countries, though 
the scientific contribution of authors was largely heterogeneous. Both WOS and 
SCOPUS  databases  were  suitable  sources  of  information  for  evaluating  the 
scientific productivity of Italian authors. Although the two databases did not 
produce meaningful differences for any of the three indexes, the advantages 
and disadvantages of the two sources must be carefully considered if used ope-
rationally to evaluate the Italian scientific productivity.
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tion database for combining information on 
publications  and  associated  citations  for  a 
defined set of scientific journals. Nowadays, 
Thomson Reuters, which continues the work 
initiated by Garfield (1972), has developed a 
citation database known as the “Web of Sci-
ence” (WOS). WOS actually consists of se-
ven different databases, of which five are for 
citations  from  journals  (http://www.thom-
sonreuters.com). The Science Citation Index 
Expanded covers 6550 peer-reviewed scien-
tific  journals;  the  Social  Sciences  Citation 
Index  covers  1950  social  science  journals; 
the Arts & Humanities Citation Index covers 
1160 journals in the literature, arts and hu-
manities  domain;  and  the  Conference  Pro-
ceedings  Citation  Index  and  the  Social 
Sciences & Humanities Conference Procee-
dings Index cover conference proceedings.

For long time WOS was the only citation 
database available.  In  2005,  Elsevier  made 
available  SCOPUS  which  currently  is  in-
cluded  in  a hub  system of on-line services 
called  SciVerse  (http://www.hub.sciverse.-
com). The SciVerse SCOPUS system covers 
approximately 18 500 titles of which 17 500 
are peer-reviewed journals.

Recently, a scientific consortium led by the 
Consejo  Superior  de  Investigaciones  Cien-
tíficas (CSIC)  in  Spain  released  an on-line 
enhancement of the SciVerse SCOPUS data-
base through the  SCIMAGO system (Gon-
zález-Pereira et al.  2010). SCIMAGO is an 
on-line,  publicly accessible, interactive sys-
tem that calculates multiple aggregated sta-
tistics based on the SCOPUS database.

Google Scholar (http://scholar.google.com) 
is a web search engine developed by Google 
Inc.  providing  free  access  to  the  world’s 
scholarly literature. Google Scholar has been 
available  in  beta  version  since  November 
2004 and searches records from commercial, 
non-profit,  institutional  and  individual  bi-
bliographic databases.

The use of citation databases
Citation databases have multiple bibliome-

tric uses. Historically, the most common ap-
plications have been calculation of the scien-
tific relevance of scholarly journals and eva-
luation of researcher productivity.  In  recent 
decades  a  very large  number  of  indicators 
have  been  proposed  for  both  applications 
(Judit 2008).

Researchers  have  argued  both  for  and 
against the use of bibliometrics for assessing 
research quality and researcher productivity 
(Meho & Yang 2007). Proponents have re-
ported the validity and reliability of citation 
indexes in  research assessments,  as well  as 
the  positive  correlation  between  publica-
tions/citation counts and the results of peer 
review  evaluations  (Aksnes  &  Taxt  2004, 
Glänzel  1996,  Kostoff  1996,  Martin  1996, 
Narin 1976,  So 1998,  van Raan 2000). On 
the other hand, critics claim that the validity 

of citation indexes is limited by the assum-
ption that a scientist’s relevance is expressed 
solely by the number of papers published or 
the  number  of  citations  received  (Mac-
Roberts & MacRoberts 1996, Seglen 1998).

Since SCOPUS and Google Scholar began 
competing  with  Thomson  Reuters,  a  large 
number  of  comparisons  of  bibliometric  in-
dexes  calculated  on  the  basis  of  the  three 
citation databases have been published.  Al-
though  a  comprehensive  review is  beyond 
the scope of this study, a few examples are 
noted. Bar-Ilan (2007) compared the h-index 
for a set  of highly-cited Israeli  researchers, 
and  the  citations  received  by  one  specific 
book  (Bar-Ilan  2010).  Garcia-Perez  (2010) 
worked with the h-index in psychology; Li et 
al. (2010) evaluated the potential of the bi-
bliometric tool SciFinder for analyzing me-
dical journal citations; Meho & Yang (2007) 
worked  with  25  library  and  information 
science faculty members; and  Mikki (2010) 
analysed  29  authors,  mainly in  the area of 
climate  and  petroleum geology at  the  Uni-
versity of Bergen.  Jacsó (2005) used diffe-
rent  citation  databases to  test  and  compare 
indexes for citations for one specific author, 
citations from one or several specific papers 
and  citations  from  one  specific  journal. 
Bauer & Bakkalbasi  (2005) compared cita-
tion counts  for articles from the Journal  of 
the American Society for Information Scien-
ce and Technology published in 1985 and in 
2000.  Bakkalbasi  et  al.  (2006) compared 
citation  counts  for  articles  from two  disci-
plines, oncology and condensed matter phy-
sics, for 1993 and 2003.

The results of these comparative studies re-
veal three important and key findings. First, 
although the three sources - WOS, SCOPUS 
and  Google  Scholar  -  have  different  goals 
and contents, they all track citations that are 
potentially  useful  for  bibliometric  studies 
(Mikki  2010).  WOS is  still  considered  the 
main  bibliographic  source  of  information, 
but data retrieved from SCOPUS and Google 
Scholar, in addition to WOS, produce more 
accurate and comprehensive assessments of 
the  scholarly  impact  of  authors  (Meho  & 
Yang 2007). Second, the considerable over-
lap between WOS and SCOPUS varies de-
pending  on  the  period  of  interest  and  the 
scientific area. In terms of content, the over-
lap  between  Google  Scholar  and  each  of 
WOS and SCOPUS varies  even more than 
the  overlap  between  WOS  and  SCOPUS. 
Google Scholar stands out in its coverage of 
conference  proceedings  as  well  as  interna-
tional,  non-English  language  journals,  and 
its greater coverage includes some items that 
are not found in the other databases (Aguillo 
2011). On the other hand, Google Scholar’s 
lack of quality control limits its use as a bi-
bliometric  tool  because  of  non-scholarly 
sources, erroneous citation data and errors of 
omission and commission when using search 

features (Jacsó 2006,  Mikki 2010). The au-
thors  of  the  previously  cited  reviews  and 
comparative  studies  tend  to  agree  that  the 
search results from Google Scholar are very 
“noisy”  and  therefore  require  considerable 
difficult and time-consuming filtering to ob-
tain  usable  information,  especially for  eva-
luation  purposes.  Third,  Bar-Ilan  (2007) 
showed that the rankings of scientists based 
on the three different citation databases are 
highly  correlated,  varying  between  0.884 
and  0.780  in terms of the Spearman index 
(Spearman 1904).  However,  the use of the 
different citation databases may significantly 
alter  the  relative  ranking  of  scientists  with 
mid-range  rankings  (Aksnes  &  Taxt  2004, 
Meho & Yang 2007).

Aim of this study
The main aim of this study is to carry out a 

quantitative assessment of the effects of the 
WOS and SCOPUS citation databases on the 
calculation of bibliometric indexes. The as-
sessment  focuses  on  evaluating  differences 
and similarities and discussing the pros and 
cons of the two systems. The aim is not to 
conduct a formal, official scientific appraise. 
The  particular  objectives  of  this  report  are 
twofold:  (i) to present the results of an as-
sessment of the global aggregated scientific 
productivity  of  the  Italian  forestry  com-
munity  for  1996-2010  using  the  SCOPUS 
data available from the SCIMAGO system; 
and (ii) to compare the WOS and SCOPUS 
databases  with  respect  to  three  indexes  of 
scientific productivity for university forestry 
researchers  in  Italy.  The  three  indexes  - 
number of publications, number of citations, 
and  h-index  -  were  calculated  for  all  re-
searchers (full professors, associate profess-
ors, assistant professors for the Italian  ordi-
nari, associati and ricercatori, respectively); 
assistant professors with non-permanent po-
sitions  were also considered.  Two subcate-
gories  of forestry were considered  from all 
the universities in Italy: AGR05, forest ma-
nagement  and  silviculture,  and  AGR06, 
wood technology.

Materials and methods
Based  on  the  results  of  the bibliographic 

review and in consideration of the guidelines 
proposed by both ANVUR (2011) and CUN 
(2011), this study was restricted to a compa-
rison of the WOS and SCOPUS databases.

The  first  two  bibliographic  indexes  con-
sidered are straightforward. First, number of 
publications is simply the number of scien-
tific  papers  published  by  a  given  author. 
Only the journals covered by the WOS and 
SCOPUS  citation  databases  were  conside-
red.  Neither  the position  along the  author-
ship nor the relevance of the journals were 
taken  in  consideration.  Second,  number  of 
citations is the number of times papers writ-
ten by an author is cited by other papers. As 
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previously, the relevance of the journal from 
which the citation comes is not considered. 
Self-citations,  defined as citations from pa-
pers  authored  or  co-authored  by author  in 
question,  may  either  be  included  or  ex-
cluded.

The third index is the  Hirsch (2005) or  h-
index.  This index was specifically designed 
to  evaluate  the performance of researchers. 
The h-index is the number of articles (N) by 
a given author cited at least N times, and it is 
expressed as an integer value. The meaning 
of the  h-index can be easily understood by 
constructing  a  graph  for  which  the  X-axis 
has  all  papers  by  the  author  ranked  from 
most cited to least cited, and for which the 
Y-axis is the number of citations for each pa-
per.  The point  at  which  the 1:1  line  inter-
sects the line connecting the dots represen-
ting  citations  corresponds  to  the  h-index 
value. The h-index can also be calculated in 
aggregate for teams of researchers, research 
centers,  working  groups,  universities,  the-
matic areas, regions or countries. In addition, 
the h-index can be calculated with or without 
self-citations.

The  first  part  of  the  paper  focuses  on  a 
global comparison of the aggregated scienti-
fic  productivity  in  forestry  using  the  SCI-
MAGO system (Scimago 2007) that is popu-
lated with data from the SCOPUS database 
for the years 1996 to 2010.  For  each avai-
lable country and year, the total number of 
scientific  papers  published  and  the number 
of  citations  (excluding  self-citations)  were 
queried from SCIMAGO. Data for European 
countries  with  the  greatest  scientific  pro-
ductivity  (France,  Germany,  Italy,  Spain, 
United Kingdom) are compared with data for 
China.  China  was  included  in  the  analysis 
because its increasing trend in scientific pro-
ductivity is frequently considered as a refe-
rence for scientometric analyzes. The United 
States of America (USA) was not included in 
the  analyzes  because  the  large  number  of 
scientific products tends to mask the presen-
tation of trends for European countries (Lu 
& Wolfram 2010).  The relative importance 
of  a  country  is  calculated  as  the  ratio 
between  the number  of publications  or  the 
number of citations for each country and the 
total  number of publications or the number 
of  citations  respectively  for  all  considered 
countries. Temporal trends are analyzed with 
general linear regressions and the statistical 
significance  of  coefficient  of  correlations 
were determined by the t test.

The  second  part  of  the  paper  focuses  on 
evaluation of the two citation databases with 
respect to similarities and differences for the 
indexes  of  scientific  productivity  for  indi-
vidual Italian university researchers in fore-
stry. The list of assistant, associate, and full 
professors was constructed using the on-line 
database from the MIUR for AGR05, silvi-
culture and forest management, and AGR06, 

wood  technology  (MIUR  2011).  Biblio-
graphic  data  were  acquired  from  the  two 
citation  databases:  the  Thomson  Reuters 
Web  of  Science  (version  4.10,  http://apps. 
isiknowledge.com -  considered  time  span: 
1996-2010) and SciVerse SCOPUS from El-
sevier (http://www.scopus.com - considered 
time span: 1996-2010). The records accessed 
from both the databases are those available 
for a connection granted by the University of 
Molise.

Based on information for the selected au-
thors from the two databases, the following 
indexes were calculated: total number of pa-
pers published, total number of citations and 
total number of citations excluding self-cita-
tions for both WOS and SCOPUS, and the 
h-index and the  h-index excluding self-cita-
tions for SCOPUS only. Both the SCOPUS 
and WOS databases are affected by possible 
homonymy and duplications. In  the case of 
homonymy,  the  two  databases  may incor-
rectly assign papers and citations when two 
authors have the same family name and the 
same first letter of the given name. For these 
cases, either augmented or diminished num-
bers of publications or citations may be as-

signed to an author. In the case of duplica-
tion,  the  same  author  may  have  multiple 
identities in the database as a result of pub-
lishing with different affiliations or in diffe-
rent  fields.  For  these  cases,  a  diminished 
number of publications or citations is usually 
assigned to the author (Gurney et al. 2011).

For  the  purposes  of  this  paper,  homony-
mies  and  duplications  were  tentatively  re-
solved based on the scientific area or the af-
filiation  of  the  authors.  Authors  for  whom 
homonymies and duplications could  not  be 
resolved  were  excluded  from the  analysis. 
After resolving issues related to homonymies 
and duplications, means of number of pub-
lications, number of citations excluding self-
citations,  and  h-index  for  the  selected  au-
thors  were  calculated  for  the  two  citation 
databases. Differences in the means for each 
index were tested for statistical significance 
using the Wilcoxon’s signed ranks test (Wil-
coxon 1945). In  addition,  using the metho-
dology proposed by  González-Pereira et al. 
(2010),  correlations  between  the  values  of 
the three indexes for two databases were also 
calculated using the Spearman’s correlation 
coefficient (Spearman 1904).
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Fig. 1 - Trend of rank 
position of Italy at 
global level in the 
scientific area “fore-
stry” on the basis of 
the total number of 
publications produced 
(a) and citations ob-
tained (b). Dotted 
lines are the 95% con-
fidence intervals of 
linear trend regres-
sions. Data source: 
SCIMAGO database.
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Results

Global data
At the global level, the cumulative scienti-

fic productivity for forestry for 1996-2010 is 
0.55% of the total in terms of articles publi-
shed  and  0.63% in  terms  of  citations.  For 
Italy,  the  values  are  smaller,  0.33%  and 
0.36%, respectively. The three disciplines in 
Italy with the greatest scientific productivity 
are  clinical  medicine,  biomedical  research 
and  chemistry.  Universities  produced  more 
than two-thirds of the total national research 
product in terms of scientific papers. How-
ever, hospitals and health research organiza-
tions  had  the  greatest  number  of  citations 
(Abramo et al. 2011).

In forestry, the USA has long been in first 
place with respect to both number of publi-
cations (2891 in 2010) and number of cita-
tions (536 excluding self citations in 2010). 
In  2007,  China ranked second with respect 
to number of publications (746 documents), 
displacing  Canada  (646  documents)  which 
historically held that position.  With respect 
to  citations,  Canada,  France,  Germany and 
United  Kingdom have  all  been  ranked  se-
cond, depending on the year.

For  all  scientific  areas at  global  level  for 
1996-2010,  Italy ranked 8th with  respect to 
number of publications,  11th as for number 
of citations and 7th with respect to the  h-in-
dex.  These  rankings  remained  constant  for 
the  years  considered.  For  forestry over  the 
same period,  Italy was ranked 12 th with re-
spect to number of publications (2396 docu-
ments),  11th as  for  number  of  citations 
(22 865  excluding  self-citations)  and  10th 

with respect to the h-index (1050). The rela-
tive annual  rankings revealed an increasing 
trend with respect to both number of publi-
shed papers (t = 2.929,  p<0.05) and number 
of citations (t = 2.583, p<0.05 - Fig. 1).

On annual  basis,  the number of scientific 
papers published by Italian forest researchers 
in  this  period  increased  from 62  papers  in 
1996 to 285 in 2010 (the maximum was 305 
in 2007).

Relative  trends  for  France,  Germany and 
United Kingdom (which traditionally publi-
sh the most forestry papers among European 
countries)  were  negative:  linear  trends  in 
documents relative contribution with t values 
of  the  coefficients  of  correlation  of  7.256 
(p<0.001),  4.655  (p<0.001),  and  13.905 
(p<0.001), respectively; and in relative con-
tribution  for  citations  with  t of  5.023 
(p<0.001),  2.182  (p<0.05),  and  5.481 
(p<0.001)  respectively;  while  trends  for 
China, Spain and Italy were positive: linear 
trends  for  documents  relative  contribution 
with  t of  10.416  (p<0.001),  10.204 
(p<0.001) and 2.611 (p<0.05), respectively; 
and in relative contribution for citations with 
t of 7.801  (p<0.001),  8.617  (p<0.001)  and 
3.222 (p<0.01), respectively (Fig. 2).

In 2010, the overall percentage of citations 
to Italian papers was almost the same as for 
the United Kingdom (15% vs. 18%, respec-
tively).

National data
The national  analyzes were conducted for 

32  assistant  professors  (six  with  non-per-
manent  positions),  32  associate  professors 
and 20 full professors from 15 different uni-
versities. Out of the total of 84 authors, 40 
were affected by homonymy and/or duplica-
tion in one or both the databases, 39 in WOS 
and 17 in SCOPUS. For eight authors,  ho-
monymy  was  not  resolved,  therefore  they 
were  excluded  from  the  analysis.  Of  the 
eight  exclusions  (2  full  professors,  4  asso-
ciate professors, 2 assistant professors) two 
resulted  from  unresolved  homonymy  in 
SCOPUS but not in WOS, while six resulted 
from unresolved homonymy in WOS but not 
in SCOPUS.

For the remaining 76 authors on the basis 

of the records available, the number of pu-
blications per author from WOS ranged from 
0 to 114, whereas from SCOPUS the range 
was 0 to 89 (Fig.  3a). The total number of 
citations per author, including self-citations, 
from WOS ranged from 0 to 1663 (1057 ex-
cluding  self-citations),  whereas  from SCO-
PUS the range was 0 to 1879 (1278 exclu-
ding self-citations - Fig. 3b). On average, in-
cluding  self-citations,  each  paper  produced 
6.84  citations  from  WOS  and  7.25  from 
SCOPUS;  the  averages  excluding  self-cita-
tions were 5.75 and 5.72, respectively.  h-in-
dexes from WOS ranged between 0 and 21 
and from SCOPUS ranged between 0 and 20 
(Fig. 3c).

These descriptive statistical parameters are 
here  presented  to  support  the  comparison 
between the  WOS and SCOPUS databases 
only. These values are calculated on the re-
cords available trough the connection gran-
ted by the University of Molise which may 
be incomplete since it may not cover all the 
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Fig. 2 - Trends in the 
relative contribution 
in the publication of 
scientific papers (a) 
and in number of cita-
tions excluding self-
citations (b) from 
1996 to 2010 in 
forestry. Data source: 
SCIMAGO database.
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journals used by the considered authors for 
publication.  Furthermore,  these  values  are 
referred to  the 76 considered authors  only, 
they cannot be extrapolated to represent the 

entire  population  of  the  84  authors  of  the 
forestry university sector in Italy.

The  three  Wilcoxon’s  signed  ranks  tests 
(Wilcoxon 1945) showed that average values 

for the three indexes calculated using WOS 
and  SCOPUS for  the  76  authors  were  not 
significantly different from each other (num-
ber  of publications:  Z  = 0.463,  p  = 0.071; 
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Fig. 3 - Frequency distributions of the 76 authors considered in this 
study as for the number of publications (a), citations excluding self-
citations  (b)  and  h-index  (c),  on  the  basis  of  WOS  (black)  and 
SCOPUS (grey) databases.

Fig. 4 - Correlation with 95% confidence intervals between the va-
lues of the three indicators: number of publications (a), number of 
citations excluding self-citations (b),  h-index (c) calculated for the 
76 considered authors on the basis of WOS and SCOPUS databases. 
Please note that the  h-index is expressed in integer values, for this 
reason several dots in the correlation graph (c) overlap each other,  
apparently resulting in a number of cases lower than 76.
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number of citations excluding self-citations: 
Z = 0.254, p = 0.799; h-index: Z = 0.861, p = 
0.389).  Values  of  the  three  indexes  calcu-
lated from WOS and SCOPUS for the 76 au-
thors were highly correlated (p<0.001 level 
of  confidence):  R2 =  0.755  for  number  of 
publications (Fig.  4a),  R2 = 0.833 for  cita-
tions excluding self-citations (Fig.  4b),  and 
R2 = 0.888 for the h-index (Fig. 4c).

Discussion and Conclusions
Infometrics in the last years developed con-

sistently also as a result of the introduction 
of two new citation databases: SCOPUS and 
Google  Scholar  (Bar-Ilan  2007).  SCOPUS 
demonstrated  to  be  a  valid  alternative  to 
WOS,  they  both  can  be  considered  true 
scholarly resources useful for scientific eva-
luation. The use of Google Scholar is instead 
recommended  for  searching  non-traditional 
forms  of  publishing  (Bauer  &  Bakkalbasi 
2005).

Quantitative scientific productivity in fore-
stry,  when  compared  to  overall  scientific 
productivity,  both  at  global  and  Italian 
levels, is relatively marginal. On the basis of 
the  SCIMAGO  database,  approximately 
0.5% of publications and citations were from 
the forestry sector. This percentage is proba-
bly underestimated  because forestry resear-
chers also publish in other subject categories 
(such  as  remote  sensing,  statistics  or  bio-
logy). Papers published in these other thema-
tic  areas  may  not  be  included  under  the 
forestry category in SCOPUS and thus not in 
SCIMAGO.

Italian  scientific  productivity  in  forestry 
has been increasing for the last 15 years and 
is now ranked approximately 10th at interna-
tional level with respect to all three indexes, 
number of papers published, number of cita-
tions and the h-index.

This promising trend for Italian forestry is 
just part of a more general positive trend for 
the entire Italian research system. Darario & 
Moed (2011) recently reported that analyzes 
using WOS showed that  Italian researchers 
are more productive than researchers in any 
other  European  country.  However,  because 
the  number  of  researchers  is  smaller,  the 
number  of  publications  per  inhabitant  in 
Italy is also smaller when compared to the 
other European countries considered in their 
study (France, Germany, Netherlands, Spain, 
Switzerland, United Kingdom).

The positive trend for Italian forestry is at 
least partially due to an internationalization 
phenomenon attributable  to  the positive ef-
fects  of  globalization.  In  forestry,  interna-
tional cooperation has consistently increased 
between 1996 and 2010. In this period, the 
number of papers published by an Italian au-
thor cooperating with at least one author af-
filiated  to  a  foreign  institution  increased 
from 30% to more than 43%.

For the 76 authors, mean number of publi-

cations, mean number of citations and  h-in-
dex values calculated by WOS and SCOPUS 
databases  were  not  statistically  different. 
These  results  confirm  the  comparability 
between  indexes  calculated  from  the  two 
databases (Bar-Ilan 2007). WOS has a more 
complete and wider coverage for the 76 au-
thors than SCOPUS (868 vs. 761 papers, re-
spectively). This result confirms that WOS is 
still the leading citation database. However, 
SCOPUS had more complete citation cove-
rage with 8851 citations, excluding self-cita-
tions,  vs. 8459 for WOS. One limitation of 
WOS is  that  self-citations  cannot  be  auto-
matically excluded  when calculating the  h-
index.

This  study confirmed the  large effects  of 
homonymy and author duplications for both 
databases.  Gurney et al. (2011) recently re-
viewed  multiple  methods  for  resolving  au-
thor  ambiguity  issues  including  automated 
computer-based algorithms, sociological and 
linguistic  approaches.  WOS  and  SCOPUS 
use different  methods  based  on  unique  au-
thor  identification  codes  for  circumventing 
the problem. In addition, both databases re-
quest  that  authors  check  that  the  systems 
correctly assign the authorship.

Both  WOS and  SCOPUS  reveal  that  the 
productivity  of  individual  Italian  forestry 
academic  authors  is  quite  heterogeneous. 
Part  of this heterogeneity may be attributed 
to differences in age and number of years in 
positions.  As a result,  official research eva-
luations are usually limited to a specific time 
frame. Considering their overall  career,  the 
10 most productive authors  from the WOS 
database published  69% of  the  papers  and 
received 73% of the citations excluding self-
citations;  from SCOPUS,  the 10 most pro-
ductive authors published 59% of the papers 
and received 70% of the citations. The com-
paratively  large  global  forestry  scientific 
productivity for Italian researchers is thus at-
tributed to a relatively small number of very 
productive authors; in contrast, the majority 
of authors made only limited contributions. 
Out of the 76 considered authors, 41 (54%) 
had  five  or  fewer  scientific  papers  docu-
mented by WOS in their career; of these, 10 
are full  professors.  Furthermore,  out  of the 
76 authors, 9 (12%) had no publications in-
cluded in WOS. 

Both WOS and SCOPUS have advantages 
and  disadvantages  that  must  be  carefully 
considered for appraising author’s scientific 
productivity. On the basis of this experience, 
WOS was more complete than SCOPUS, but 
WOS does not currently permit the automa-
tic exclusion of self-citations when calcula-
ting the h-index.

This study confirmed that the  h-index is a 
robust bibliometric index producing similar 
values for the two databases, and may be re-
commended for operational performance as-
sessments. However, the differences in cita-

tion counts between WOS and SCOPUS cre-
ate  a  dilemma  for  science  policy  makers 
(Bar-Ilan  2007).  To solve  this  problem we 
recommend further studies to assess the im-
pact of the citations database selection in the 
performance evaluation of researchers in dif-
ferent subject categories.

In the future, bibliometrics will likely come 
to be preferred to the peer-review processes 
for  research evaluation  because it  is  faster, 
easier and cheaper, and produces more tran-
sparent  results  (Abramo  &  D’Angelo 
2011b).

Acknowledgements
I’m  grateful  for  the  help  and  the  encou-

ragement  received  from  Prof.  Piermaria 
Corona  (University  of  Tuscia,  member  of 
ANVUR expert group for the national evalu-
ation  of  research  quality  in  Italy)  and  Dr. 
Ronald  E.  McRoberts  (Northern  Research 
Station, U.S. Forest Service). I also acknow-
ledge three anonymous referees who greatly 
contributed to the improvement of the earlier 
versions of this paper.

References
Abramo G, D’Angelo C, Viel F (2011). The field-

standardized average impact of national research 
systems compared to world average: the case of 
Italy.  Scientometrics  88  (2):  599-615.  -  doi: 
10.1007/s11192-011-0406-x

Abramo G, D’Angelo C (2011a).  Evaluating  re-
search: from informed peer review to bibliome-
trics.  Scientometrics  87  (3):  499-514.  -  doi: 
10.1007/s11192-011-0352-7

Abramo G, D’Angelo C (2011b).  National-scale 
research  performance  assessment  at  the  indivi-
dual level. Scientometrics 86 (2): 347-364. - doi: 
10.1007/s11192-010-0297-2

Aguillo  IF (2011).  Is  Google  Scholar  useful  for 
bibliometrics?  A webometric  analysis.  Sciento-
metrics. - doi: 10.1007/s11192-011-0582-8

ANVUR (2011). Criteri e parametri di valutazione 
dei  candidati  e dei commissari  dell’abilitazione 
scientifica nazionale.  Consiglio Direttivo Agen-
zia  Nazionale  di  Valutazione  del  sistema  Uni-
versitario  e  della  Ricerca,  22  giugno  2011, 
Rome, Italy.

Aksnes DW, Taxt  RE  (2004).  Peer reviews and 
bibliometric indicators: A comparative study at a 
Norwegian  university.  Research  Evaluation  13 
(1): 33-41. - doi: 10.3152/147154404781776563

Bar-Ilan J (2007). Which h-index? A comparison 
of  WoS,  Scopus  and  Google  Scholar.  Sciento-
metrics 74 (2): 257-271. - doi:  10.1007/s11192-
008-0216-y

Bar-Ilan J (2010). Citations to the “Introduction to 
informetrics”  indexed  by  WOS,  Scopus  and 
Google Scholar. Scientometrics 82 (3): 495-506. 
- doi: 10.1007/s11192-010-0185-9

Bakkalbasi N, Bauer K, Glover J, Wang L (2006). 
Three  options  for  citation  tracking:  Google 
Scholar, Scopus and Web of Science. Biomedi-
cal Digital Libraries 3: 7.  - doi:  10.1186/1742-
5581-3-7

iForest (2012) 5: 101-107 106  © SISEF http://www.sisef.it/iforest/ 

http://dx.doi.org/10.1007/s11192-011-0406-x
http://dx.doi.org/10.1186/1742-5581-3-7
http://dx.doi.org/10.1186/1742-5581-3-7
http://dx.doi.org/10.1007/s11192-010-0185-9
http://dx.doi.org/10.1007/s11192-008-0216-y
http://dx.doi.org/10.1007/s11192-008-0216-y
http://dx.doi.org/10.3152/147154404781776563
http://dx.doi.org/10.1007/s11192-011-0582-8
http://dx.doi.org/10.1007/s11192-010-0297-2
http://dx.doi.org/10.1007/s11192-011-0352-7


Forestry scientific productivity in Italy 

Bauer K, Bakkalbasi N (2005). An examination of 
citation  counts  in  a new scholarly communica-
tion environment. D-Lib Magazine 11 (9). - doi: 
10.1045/september2005-bauer

CUN (2011). Proposta su “criteri e parametri per 
la valutazione” ai fini di cui all’Art 16 comma 3 
lettere a) e h) della Legge 30 Dicembre 2010, n. 
240.  Consiglio  Universitario  Nazionale,  prot. 
786 del 09/06/2011, Rome, Italy.

Darario C, Moed HF (2011). Is Italian science de-
clining? Research Policy 40 (10): 1380-1392.  - 
doi: 10.1016/j.respol.2011.06.013

Garcia-Perez MA (2010). Accuracy and complete-
ness  of  publication  and  citation  records  in  the 
Web of Science, PsycINFO, and Google scholar: 
a case study for the computation of h-indices in 
psychology. Journal of the American Society for 
Information  Science  and  Technology  61  (10): 
2070-2085. - doi: 10.1002/asi.21372

Garfield E (1955). Citation indexes to science: a 
new dimension in documentation  through asso-
ciation of ideas. Science 122 (3159): 108-111. - 
doi: 10.1126/science.122.3159.108

Garfield E (1972).  Citation  analysis  as a tool in 
journal evaluation. Science 178 (4060): 471-479. 
- doi: 10.1126/science.178.4060.471

Glänzel W (1996). The needs for standards in bi-
bliometric  research  and  technology.  Sciento-
metrics  35  (2):  167-176.  -  doi:  10.1007/ 
BF02018475

González-Pereira  B,  Guerrero-Bote  VP,  Moya-
Anegón F (2010). A new approach to the metric 
of journals’ scientific prestige: the SJR indicator. 
Journal  of  Informetrics  4:  379-391.  -  doi: 
10.1016/j.joi.2010.03.002

Gurney  T,  Horlings  E,  van  den  Besselaar  P 
(2011).  Author  disambiguation  using  mul-
ti-aspect similarity indicators. Scientometrics 91 
(2): 435-449. - doi: 10.1007/s11192-011-0589-1

Hirsch JE (2005).  An index to quantify an indi-
vidual’s  scientific  research  output.  Proceedings 
of the National Academy of Sciences USA 102 
(46):  16569-16572.  -  doi:  10.1073/pnas.05076 

55102
Kostoff  RN  (1996).  Performance  measures  for 

government-sponsored  research:  Overview  and 
background.  Scientometrics  36  (3):  281-292.  - 
doi: 10.1007/BF02129595

Jacsó P (2005). As we may search - Comparison 
of major features of the Web of Science, Scopus, 
and  Google  Scholar  citation-based  and  cita-
tion-enhanced  databases.  Current  Science  89: 
1537-1547.

Jacsó  P  (2006).  Deflated,  inflated  and  phantom 
citation  counts.  Online  Information  Review 30 
(3):  297-309.  -  doi:  10.1108/1468452061067 
5816

Judit BI (2008). Informetrics at the beginning of 
the 21st century.  A review. Journal  of Informe-
trics 2 (1): 1-52. - doi: 10.1016/j.joi.2007.11.001

Li J, Burnham JF, Lemley T, Britton RM (2010). 
Citation  analysis:  comparison  of  Web  of  Sci-
ence,  Scopus,  Scifinder,  and  Google  Scholar. 
Journal  of Electronic  Resources in  Medical  Li-
braries 7 (3): 196-217. - doi: 10.1080/15424065. 
2010.505518

Lu K,  Wolfram D (2010).  Geographic  characte-
ristics  of  the  growth  of  informetrics  literature 
1987-2008. Journal of Informetrics 4: 591-601. - 
doi: 10.1016/j.joi.2010.06.008

MacRoberts  MH,  MacRoberts  BR  (1996).  Pro-
blems of citation analysis. Scientometrics 36 (3): 
435-444. - doi: 10.1007/BF02129604

Martin BR (1996). The use of multiple indicators 
in the assessment of basic research. Scientome-
trics  36  (3):  343-362.  -  doi:  10.1007/BF02129 
599

Meho L, Yang K (2007). Impact of data sources 
on citation  counts  and rankings  of LIS faculty: 
Web  of  Science  versus  SCOPUS  and  Google 
Scholar. Journal of the American Society for In-
formation  Science  and  Technology  58  (13): 
2105-2125. - doi: 10.1002/asi.20677

Mikki  S (2010). Comparing Google Scholar and 
ISI Web of Science for earth sciences. Sciento-
metrics 82 (2): 321-331. - doi:  10.1007/s11192-

009-0038-6
MIUR (2011). Cerca Università. Ministero dell’Is-

truzione, dell’Università  e della Ricerca, Rome, 
Italy.  [online]  URL:  http://cercauniversita.-
cineca.it

Nagpaul  PS (1995).  Quasi-quantitative  measures 
of research performance: an assessment of con-
struct validity and reliability.  Scientometrics 33 
(2): 169-185. - doi: 10.1007/BF02020567

Narin F (1976). Evaluative bibliometrics: the use 
of publication  and  citation  analysis  in  the eva-
luation of scientific activity. Computer Horizons, 
Cherry Hill, NJ, USA, pp. 456.

Scimago (2007). SJR - Scimago Journal & Coun-
try Rank.  Web site.  [online]  URL:  http://www. 
scimagojr.com

Seglen PO (1998). Citation rates and journal im-
pact factors are not suitable for evaluation of re-
search. Acta Orthopaedica Scandinavica 69 (3): 
224-229. - doi: 10.3109/17453679809000920

So CYK (1998).  Citation  ranking  versus  expert 
judgment in evaluating communication scholars: 
effects of research specialty size and individual 
prominence.  Scientometrics  41  (3):  325-333.  - 
doi: 10.1007/BF02459049

Spearman C (1904). The proof and measurement 
of  association  between  two  things.  American 
Journal  of  Psychology  15:  72-101.  -  doi: 
10.2307/1412159

van Raan AFJ (2000). The Pandora’s box of cita-
tion analysis: measuring scientific excellence’the 
last  evil? In: “The web of knowledge: A fests-
chrift  in honor  of Eugene Garfield” (Cronin B, 
Atkins  HB  eds).  Information  Today,  Medford, 
NJ, USA, pp. 301-319.

VTR  (2006).  Italian  Triennial  Research  Evalu-
ation  -  VTR 2001-2003.  Risultati  delle valuta-
zioni dei Panel di Area. Web Site. [online] URL: 
http://vtr2006.cineca.it

Wilcoxon  F  (1945).  Individual  comparisons  by 
ranking methods. Biometrics Bulletin 1 (6): 80-
83. - doi: 10.2307/3001968

© SISEF http://www.sisef.it/iforest/ 107  iForest (2012) 5: 101-107

http://dx.doi.org/10.2307/3001968
http://vtr2006.cineca.it/
http://dx.doi.org/10.2307/1412159
http://dx.doi.org/10.1007/BF02459049
http://dx.doi.org/10.3109/17453679809000920
http://www.scimagojr.com/
http://www.scimagojr.com/
http://dx.doi.org/10.1007/BF02020567
http://cercauniversita.cineca.it/
http://cercauniversita.cineca.it/
http://dx.doi.org/10.1007/s11192-009-0038-6
http://dx.doi.org/10.1007/s11192-009-0038-6
http://dx.doi.org/10.1002/asi.20677
http://dx.doi.org/10.1007/BF02129599
http://dx.doi.org/10.1007/BF02129599
http://dx.doi.org/10.1007/BF02129604
http://dx.doi.org/10.1016/j.joi.2010.06.008
http://dx.doi.org/10.1080/15424065.2010.505518
http://dx.doi.org/10.1080/15424065.2010.505518
http://dx.doi.org/10.1016/j.joi.2007.11.001
http://dx.doi.org/10.1108/14684520610675816
http://dx.doi.org/10.1108/14684520610675816
http://dx.doi.org/10.1007/BF02129595
http://dx.doi.org/10.1073/pnas.0507655102
http://dx.doi.org/10.1073/pnas.0507655102
http://dx.doi.org/10.1007/s11192-011-0589-1
http://dx.doi.org/10.1016/j.joi.2010.03.002
http://dx.doi.org/10.1007/BF02018475
http://dx.doi.org/10.1007/BF02018475
http://dx.doi.org/10.1126/science.178.4060.471
http://dx.doi.org/10.1126/science.122.3159.108
http://dx.doi.org/10.1002/asi.21372
http://dx.doi.org/10.1045/september2005-bauer
http://dx.doi.org/10.1016/j.respol.2011.06.013

	Assessing the scientific productivity of Italian forest researchers using the Web of Science, SCOPUS and SCIMAGO databases
	Introduction
	Citation databases
	The use of citation databases
	Aim of this study

	Materials and methods
	Results
	Global data
	National data

	Discussion and Conclusions
	Acknowledgements
	References


