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Abstract

Objectives: To compare H index scores for healthcare re-
searchers returned by Google Scholar, Web of Science and
Scopus databases, and to assess whether a researcher’s age,
country of institutional affiliation and physician status influ-
ences calculations. Subjects and Methods: One hundred
and ninety-five Nobel laureates in Physiology and Medicine
from 1901 to 2009 were considered. Year of firstand last pub-
lications, total publications and citation counts, and the H
index for each laureate were calculated from each database.
Cronbach’s alpha statistics was used to measure the reliabil-
ity of H index scores between the databases. Laureate char-
acteristic influence on the H index was analysed using linear
regression. Results: There was no concordance between the
databases when considering the number of publications
and citations count per laureate. The H index was the most
reliably calculated bibliometric across the three databases

(Cronbach’s alpha = 0.900). All databases returned signifi-
cantly higher H index scores for younger laureates (p <
0.0001). Google Scholar and Web of Science returned signif-
icantly higher H index for physician laureates (p = 0.025 and
p = 0.029, respectively). Country of institutional affiliation
did not influence the H index in any database. Conclusion:
The Hindex appeared to be the most consistently calculated
bibliometric between the databases for Nobel laureates in
Physiology and Medicine. Researcher-specific characteris-
tics constituted an important component of objective re-
search assessment. The findings of this study call to question
the choice of current and future academic performance da-
tabases. Copyright © 2012 S. Karger AG, Basel

Introduction

Research performance has traditionally been evalu-
ated through bibliometrics that included the total num-
ber of publications and the total number of citations [1].
Total paper counts do not reflect research quality and ci-
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Table 1. Characteristics and differences between the citation indexing databases [6-8, 10, 11, 17]

Web of Science Scopus Google Scholar
Date of since early 1960s, but accessible ~ 11/2004 11/2004
inauguration via Internet in 2004

Number of journals 10,969

16,500 (>1,200 open access journals)

not revealed (theoretically
all electronic resources)

Language English (plus 45 other languages)

English (plus more than 30 other languages)

English (plus any language)

science, social science and arts
and humanities

Subject coverage

science and social science

not revealed

Period covered 1900 to present 1966 to present not revealed
Updating weekly 1-2/week monthly

Developer Thompson Scientific (US) Elsevier (The Netherlands) Google Inc. (US)
Fee-based yes yes no

H index calculation  yes yes only using Harzing’s

Publish or Perish software

tation numbers do not provide an accurate account of
research breadth. As a result, there is an accepted need to
utilize improved markers of research performance to
quantify research excellence with increased precision
and objectivity [2]. In 2005, Hirsch [3] proposed the ‘H
index’, which measures the importance, significance, and
broad impact of a scientist’s cumulative research contri-
butions. A scientist with an index of H has published a
number of papers (H), each of which has been cited by
others at least H times [3]. The use of the H index to mea-
sure research performance is rapidly increasing, although
the use of the H index has not been previously validated
for medical researchers. The H index has been criticized
for the technical shortcomings associated with self-cita-
tions, field dependency and multiple authorship (these
are common to the majority of current bibliometrics) [4,
5]. Specifically, an H index value taken as an isolated
measure has been criticized for yielding an unreliable in-
terpretation of the research performance of an individual
and may not be fully reflective of those publications with
the greatest impact [4, 5].

The strongest indication of its acceptability is that its
calculation has been integrated into the citation databas-
es of Web of Science, Scopus and Google Scholar [6-10].
There are differences in the scope of these databases (ta-
ble 1) [11], which use disparate systems to count citations
[1]. The databases have been shown to produce quantita-
tively and qualitatively different citation counts for gen-
eral medical research [1].

A number of differences in H index calculation be-
tween databases have been reported when evaluating re-
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searchers’ performance in the fields of computing science
and mathematics [12, 13]. It is unclear whether the same
H index calculation discrepancy exists when assessing
medical researchers. Differences in H index when calcu-
lated across different databases may have implications if
used in assessing a medical researcher’s performance or
for decisions on academic promotion.

The aim of this study was to compare the results of the
most popular bibliometric databases for a universally ac-
cepted cohort of medical scientists in terms of their H
index scores.

Subjects and Methods

The cohort of Nobel laureates in Physiology and Medicine
(who represent healthcare research excellence and quality) from
1901 to 2009 were chosen to investigate whether or not the H in-
dex of medical scientists varies between Web of Science, Scopus
and Google Scholar. The same cohort was used to determine
whether a scientist’s age, country of institutional affiliation at the
time of the award and whether the laureate was a physician or not
(physician status) had an influence on the calculation of the H
index by each database.

A list of all the Nobel laureates in Physiology and Medicine
(1901-2009) was obtained by searching the official website of the
Nobel Prize (www.nobelprize.org). These individuals were select-
ed because not only are they high scientific achievers in medical
research, butalso they are representative of global medical science
in terms of age, country of institutional affiliation at the time of
the award, and physician status. The full names, date of birth, date
of bereavement, country of institutional affiliation at the time of
the award, and physician status for each laureate were extracted
by reading their biography from the official website. These spe-
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cific parameters were chosen to evaluate any influence such de-
mographics may have upon the determination of bibliometric in-
dices. For example, it is known that a disproportionately high
number of laureates originate from the United States and Europe;
however, it is not known whether this factor predicts higher bib-
liometric scores. The same rationale was applied to the other de-
mographics.

Two authors (V.P., H.A.) calculated the year of first publica-
tion, year of last publication, total number of publications, total
number of citations and the H index for each laureate from Google
Scholar, Web of Science, and Scopus. Publications after 31st De-
cember 2009 were excluded, and all data were collected within 7
days from all three citation databases. The data were cross-
checked independently by another author (J.M.) to confirm ac-
curacy of data collection. For laureates that had deceased before
31st December 2009, publications after the date of bereavement
were excluded. The specific methodology for bibliometric extrac-
tion from each database is outlined below.

Google Scholar

Harzing’s [8] Publish or Perish software, which analyses raw
citations from Google Scholar, was used to calculate a series of
bibliometrics. The quoted initial and surname were inputted in
the Author Impact Analysis field to generate a list of publications
authored by a specific laureate. The search was not restricted to
any specialty. Publications from the list that were not authored by
the specific laureate were deselected. The bibliometrics were ex-
tracted from the results field.

Web of Science

The surname and initial were inputted to search for publica-
tions authored by a specific laureate. The Distinct Author Set fea-
ture uses citation data to create sets of articles likely written by the
same person. This feature was used as a tool to focus the search to
compile a list of all the publications for each laureate. The biblio-
metrics were extracted by creating a citation report from this list.

Scopus

The surname and initials or first name were inputted to search
for publications authored by a specific laureate. The Scopus Au-
thor Identifier uses an algorithm that matches author names
based on their affiliation, address, subject area and source title,
dates of publication, citations and co-authors. This identifier was
used as a tool to focus the search to compile a list of all the publi-
cations for each laureate. The bibliometrics were extracted by
viewing the citation overview of this list.

Statistical Analysis

One-way analysis of variance (ANOVA) was used to assess dif-
ferences of bibliometrics between the databases. Cronbach’s alpha
statistic was used to measure the reliability of bibliometrics be-
tween the databases. Multivariate linear regression analysis was
used to explore whether the H index from each database was in-
fluenced by a scientist’s age, country of institutional affiliation at
the time of the award, and physician status. Data were analysed
with the use of SPSS for Windows (Rel. 18.0.0. 2009, Chicago, IlL.,
USA, SPSS Inc.).
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Results

There were 101 Nobel Prizes in Physiology and Medi-
cine awarded to 195 laureates between 1901 and 2009,
with a median age of 56 years (32-87) at the time of the
award; 10 laureates were female and 125 laureates were
deceased. Of the 101 Nobel Prizes, 37 (36.6%) were given
to one laureate only, 31 (30.7%) were shared by two laure-
ates and 32 (31.7%) were shared between three laureates.
At the time of the award 92 (47.2%) laureates were affili-
ated to North American countries, 92 (47.2%) laureates
were affiliated to European countries, and 11 (5.6%) lau-
reates were affiliated to other countries (table 2). Ninety-
nine (50.8%) laureates were non-physicians and 96 (49.2%)
were physicians. Three laureates (prize winning years
1948, 1986 and 2007) were excluded from the analysis be-
cause accurate data could not be retrieved due to com-
monality of names. Data were not available for 68 laure-
ates in Web of Science (prize winning years ranging from
1901 to 1976) and 29 laureates in Scopus (prize winning
years ranging from 1901 to 1985). Table 3 gives examples
to show the variation of bibliometric data extracted from
the three databases.

The median year of first publication was significant-
ly different between the three databases with the lowest
year in Google Scholar (1933; 1843-1989) compared to
Scopus (1957; 1880-1996) and Web of Science (1970;
1968-1991) (p < 0.0001 for all comparisons). The median
year of last publication was not significantly different in
Google Scholar (1997; 1903-2009) and Scopus (2000;
1880-2009) (p = 0.408), but was significantly higher
in Web of Science (2008; 1970-2009) (p < 0.0001 for both
comparisons). The median total number of publications
was significantly different between the three databases
with the highest in Google Scholar (236; 3-1,000) com-
pared to Web of Science (109; 1-1,255) and Scopus (67;
1-992) (p < 0.0001 for all comparisons). The median to-
tal number of citations was significantly different be-
tween the three databases with the highest in Web of
Science (10,579; 2-95,460) compared to Google Scholar
(6,521; 4-97,988) and Scopus (991; 0-41,470) (p = 0.029
Web of Science vs. Google Scholar, p < 0.0001 for other
comparisons). The median H index was not significant-
ly different between Google Scholar (35; 1-166) and Web
of Science (43; 1-161) (p = 0.066), but was significantly
lower in Scopus (13; 0-111) (p < 0.0001 for both com-
parisons).

The H index was the most reliably calculated biblio-
metric across the three databases (Cronbach’s alpha =
0.90) (table 4). This reliability was greater between Web
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Table 2. Country of affiliation at time of award

Laureates (n = 195)

Table 3. Examples of bibliometric outcomes of Nobel laureates in
Physiology and Medicine

James Francis Maurice
North America Watson  Crick Wilkins
USA 90
Canada 2 Nobel Prize year 1962 1962 1962
Europe Birth year 1928 1916 1916
UK 31 Country of affiliation at time
Germany 16 of award USA UK UK
France 10 Physician status non- non- non-
Sweden 8 physician physician physician
Switzerland 6 Google Scholar
Austria 5 Year of first publication 1948 1945 1934
Denmark 5 Year of last publication 2009 2004 2003
Belgium 4 Total number of publications 984 180 91
Italy 2 Total number of citations 23,551 10,180 2,247
The Netherlands 2 H index 57 32 23
Hungary 1 Web of Science
Portugal 1 Year of first publication 1972 1970 1970
Spain 1 Year of last publication 2008 2007 1995
Others Total number of publications 161 25 12
Australia 6 Total number of citations 5,567 3,336 1,091
Russia 2 H index 36 15 8
Argentina 1 Scopus
Japan 1 Year of first publication 1969 1950 1948
South Africa 1 Year of last publication 2008 2007 1995
Total number of publications 21 87 38
Total number of citations 994 6,562 244
H index 6 33 8
Table 4. Reliability of bibliometrics from Google Scholar, Web of Science and Scopus
Google Scholar Web of Science Scopus Cronbach’s alpha
Total Nobel laureates (n = 195)
Data available 192 127 166
Data not retrievable/available 3 68 29
Bibliometrics, median (range)
Year of first publication 1933 (1843-1989) 1970 (1968-1991) 1957 (1880-1996) 0.670
Year of last publication 1997 (1903-2009) 2008 (1970-2009) 2000 (1880-2009) 0.832
Total number of publications 236 (3-1,260) 109 (1-1,255) 67 (1-992) 0.759
Total number of citations 6,521 (4-97,988) 10,579 (2-95,460) 991 (0-41,470) 0.789
H index 35(1-161) 43 (1-166) 13 (0-111) 0.900

of Science and Scopus (Cronbach’s alpha = 0.91), than
Google Scholar and Scopus (Cronbach’s alpha = 0.85) or
Google Scholar and Web of Science (Cronbach’s alpha =
0.82).

Univariate regression analysis demonstrated that
younger laureates were more likely to have significantly
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higher H indexes returned by each of the three databases
(p <0.0001) (table 5). The H index from Google Scholar
was higher in laureates from North America in compari-
son to laureates from European and other countries, re-
spectively (p < 0.0001). Physicians had a lower H index
than non-physicians in Scopus (p = 0.018).
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Table 5. Regression analyses of laureate characteristics and H index values from Google Scholar, Web of Science and Scopus

Characteristic Univariate analysis® p value Multivariate analysis®® p value
Birth year
Google Scholar 0.616 (0.500-0.731) <0.0001 0.561 (0.449-0.672) <0.0001
Web of Science 0.273 (0.209-0.336) <0.0001 0.280 (0.218-0.343) <0.0001
Scopus 0.643 (0.542-0.744) <0.0001 0.594 (0.497-0.690) <0.0001
Country of affiliation at time of award
Google Scholar -0.006 (-0.009-0.003) <0.0001 -0.004 (-0.007-0.000) 0.067
Web of Science -0.001 (-0.004-0.001) 0.352 -0.002 (-0.06-0.001) 0.159
Scopus -0.003 (-0.007-0.000) 0.053 -0.002 (-0.007-0.003) 0.467
Physician status
Google Scholar -0.002 (-0.004-0.001) 0.223 0.003 (0.000-0.007) 0.025
Web of Science 0.001 (-0.001-0.003) 0.521 0.003 (0.000-0.006) 0.029
Scopus -0.003 (-0.006-0.001) 0.018 0.003 (0.000-0.007) 0.079
?Values are expressed as unstandardized B coefficients (95% confidence intervals).
b Variables included birth year, country of affiliation at time of award and physician status.
Multivariate regression model (table 5) showed that
the impact of birth year on the H index remained signif- 180 1 )
. S . 160 - * Google Hindex s "
icant. There was no significant influence of country of 4 , o
. e s e e . . 140 +-® Web of Science H index -
institutional affiliation at the time of award on the H in- .
. o . 120 <-4 Scopus H index n P ug
dex in any database. The non-physician bias of Scopus % 100 “ =
. .l . . . ©
became non-significant, but physicians had a higher H § 80 -
index in Google Scholar and Web of Science (p = 0.025 60 - -
and p = 0.029, respectively). 40 - ———h 2 —
20 - = 0; % :: e X L% i
0- Loty - .ol e B e e
1820 1840 1860 1880 1900 1920 1940 1960 1980 2000
Discussion Birth year of laureate
The H index was more consistently calculated between ) o
Fig. 1. Scatter plot of birth year of laureates versus their H index.

the databases than other bibliometrics. However, in gen-
eral, it is important to consider which database to use for
computing the H index for a variety of reasons. As dem-
onstrated by our study, H index scores are influenced by
age and physician status. Resultantly, individual scores
may be discordant between databases as each covers a
different time span and list of journals. The scope of each
database must be transparent including algorithms used
such that researchers are able to make informed decisions
on which source to base their performance metrics on.
This study showed that physician’s status could constitute
an important component of objective research assess-
ment in healthcare.

There appeared to be a paucity of laureates with H in-
dex scores greater than 60 before circa 1900 as demon-
strated in figure 1. This could be due to several factors:
tirstly, there could have been fewer publications in circu-
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lation during this period, hence probability of citation.
Secondly, with the advent of electronic publishing of
manuscripts in the contemporary era, manuscripts reach
wider audiences and thus are more likely to be cited.
Hence finally, what was represented is the degree to which
journals indexed their historic manuscripts.

The use of the H index in Nobel laureates reflects the
application of this bibliometric tool as a valuable measure
of research excellence and quality. The future use of the
H index could include its application in assessment, pro-
motion and support of healthcare scientists.

The strengths of this study included using a large co-
hort of researchers who had been selected by peer review
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for receipt of the Nobel Prize for their achievements in
medical research. The broad range of the laureates’ birth
year allowed the impact of the time period covered by
each database on the H index to be investigated. Most of
the laureates were equally affiliated at the time of the
award to either North American or European countries,
which strengthened the evaluation of geographical bias
of the databases in relation to the H index. There were
similar numbers of physician and non-physician laure-
ates, so the physician bias of the databases in relation to
the H index could be assessed. The methodology of data
collection was robust given the agreement of two inde-
pendent authors with the retrieval of the results and fur-
thermore the short information retrieval period occur-
ring within 1 week.

Potential limitations of this study include difficulty
in distinguishing between articles belonging to authors
with similar names. Web of Science and Scopus use iden-
tifiers to group an author’s publications together, and
Scopus claims to have achieved 99% certainty for 95% of
its records [6, 10, 14]. These individual author sets were
used to focus our search for a laureate’s publications to
ensure that data collection was comprehensive. Harz-
ing’s Publish or Perish software does not have an author
identifier feature, which made data extraction from
Google Scholar more difficult and time-consuming. The
reliability of Google Scholar is unknown because the
coverage and methods of the database are not transpar-
ent [15]. This study did not take into account the age at
which the Nobel Prize was awarded, and the follow-up
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