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Abstract

     A  new visualization  method  for research  assessment,  called  the academic  spectrum, is
introduced. Two types of academic spectra are distinguished: field spectra and time spectra.
Using appropriate scaling factors these spectra facilitate comparisons between scientometric
indicators  such  as  the  h-index,  the  total  number  of  citations  received  and  the  impact.
Academic  spectra  can  be  calculated  for  journals,  countries,  research  institutes,  whole
universities and single researchers alike. They are meant to help the scientometric practitioner
to get a first impression of the data.
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Introduction

     Over the past decades, several scientometric indicators for academic assessment have been
proposed and (by and large) accepted by the academic community. The Information Science
and  Scientometrics  Research  Unit  (ISSRU)  in  Hungary  and  the  Center  for  Science  and
Technology  Studies  (CWTS,  Leiden)  in  the  Netherlands,  together  with  other  centers  and
individual  colleagues  such  as  Peter  Vinkler,  have  been  at  the  forefront  of  research  on
scientometric  indicators.  During  the  1980s  and  1990s  ISSRU introduced  three  indicators
(among others): the activity index (AI), the attractivity index (AAI) and the relative citation
rate (RCR) (Schubert and Braun, 1986, 1996). Researchers at CWTS applied the commonly
used indicator citations per publication (CPP) as the foundation for two new indices: the crown
index CPP/FCSm and CPP/JCSm (Moed, De Bruin, van Leeuwen, 1995; Moed, 2005; van Raan,
1996,  2005).  Moreover  some visualization  methods  were  developed  (Braun  and  Schubert,
1997; Bonitz, Bruckner, Scharnhorst, 1997; Glänzel, Schubert, Braun, 2002).
     When Hirsch (2005) introduced his famous index indicator he met with enthusiasm (Ball,
2005)  as well  as  criticism (Lehmann, Jackson, Lautrup, 2006;  Döring, 2007;  Van Eck and
Waltman, 2009). Due to its simplicity and because it combines output and impact the h-index
quickly became a popular indicator of academic performance. Whatever one’s position, it  is
clear  that  studies  linking  well-known  indicators  and  the  newly  proposed  h-index  were
stimulated. Glänzel (2006) and Egghe, Liang and Rousseau (2009), for instance, established a
mathematical  relation  between  the  h-index  and  the  impact  (or  CPP).  The  wide  array  of
available indices presents an opportunity, as well as a challenge, to create new visualization
methods for academic assessment.

Methodology

     Basic  indicators  such  as  CPP (impact),  total  number of  citations  received  over a given
period (denoted as C) and the h-index calculated for one source usually yield quite different
numerical  results.  Generally  CPP  <<  h-index  <<  total  number  of  citations  received.
Comparisons of these indicators over different fields or different time periods become difficult.
Our contribution consists  of  proposing  an appropriate scaling  so that  results  can easily be
assessed by the practitioner, before an in-depth study is started. We claim that appropriate
scaling can be empirically achieved by using the common logarithm of citations (lg(C)), the
square root of CPP (denoted as rCPP), and the natural logarithm of the h-index (ln(h)). As a
rationale for our approach we note that, for x > 1, we always have

lg(x)<ln(x)<√x     (1)

     For example

lg(10)=1 < ln(10)~2.30 < √10~3.16
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     As CPP < h < C we apply these mathematical  functions in the opposite order yielding:
lg(C), ln(h) and the square root of CPP. We will show that this scaling approach indeed yields
comparable results. Applying this approach over different time periods or to different fields and
showing the results in graphical form leads to charts we refer to as academic spectra. Note that
the point is not the use of specific indicators, which are only used for illustrative purposes, but
the fact that elementary functions such as logarithms and power laws can be used to scale
indicators to comparative levels.

(1) Time spectrum
     A time spectrum refers to the visualization of the cumulative research performance of an
individual  scientist  or  of  an  aggregate,  like  journals,  institutions  or  countries.  Data  are
cumulative  such  that  the  time spectrum  visualizes  the  trajectory  –  not  the  year  by  year
comparison -  of research performance for an individual  or an aggregate. Examples of time
spectra are given in the next section, using data obtained from the Thomson Reuters/ISI-WoS
(Web of Science) database.

(2) Field spectrum
     A  field  spectrum  refers  to  the  visualization  of  research  performance  across  various
disciplines. It is most useful for larger units such as countries or universities, where indeed
research  in  many  fields  is  performed.  Technically,  however,  a  field  spectrum  can  also  be
constructed  for an  individual  scientist  if  he or she is  active in  several  fields.  The ISI-ESI
(Essential Science Indicators) database was chosen for this study, because the required data
for  institutions,  countries,  and  journals  can  be  viewed  in  a  10-11  year  time span  in  the
database. For our purpose the ESI has one disadvantage, namely the h-index cannot directly
be  obtained.  For  this  reason  the  Glänzel-Schubert  formula  (Glänzel,  2006;  Schubert  and
Glänzel, 2007) is used to estimate h-indices:

h = cP1/3(C/P)2/3     (2)

     The Glänzel-Schubert formula (1) leads to an acceptable estimate of the h-index computed
using publication and citation data (Csajbok et al., 2007; Ye, 2009). The constant c is set to c
= 0.9 for journals and to c = 1 for other sources.

Data

     Of course all usual caveats for citation and publication analysis apply: one must be careful
regarding unification of addresses (for university data), one must be aware of homonyms and
synonyms (on the author level), care must be taken to use the appropriate way of counting
publications and citations, and so on. Thus, the academic spectra shown were chosen in such a
way that most of these problems could be avoided. We first show the two types of spectra for
the University of Oxford, see Tables 1 and 2. Data for the other examples are not given here
but can be obtained from the author.

Table 1. Data for the construction of a time spectrum (Oxford, 1998-2008)

YEAR P C h

1998-1998 5195 120426 136

1998-1999 10549 228741 174

1998-2000 15945 353715 204

1998-2001 21545 468631 221

1998-2002 26864 575873 236

1998-2003 32414 662982 247

1998-2004 38353 741147 251

1998-2005 45000 809850 253

1998-2006 51251 856014 254

1998-2007 57636 880494 255

1998-2008 64950 886419 255

Data Source: WoS. http://apps.isiknowledge.com/ (1998-2008, updated on Jan.1st, 2009)

Table 2 Data for the construction of a field spectrum (Oxford, 1998-2008)

FIELD
1998-2008

Papers Citations

CLINICAL MEDICINE 6,706 149,545

MOLECULAR BIOLOGY & GENETICS 2,480 108,098

BIOLOGY & BIOCHEMISTRY 3,673 89,621

PHYSICS 5,692 86,388

NEUROSCIENCE & BEHAVIOR 2,408 67,035

CHEMISTRY 4,398 65,057

IMMUNOLOGY 1,164 39,638

SPACE SCIENCE 1,481 34,828

MICROBIOLOGY 1,079 31,544
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PSYCHIATRY/PSYCHOLOGY 1,465 26,464

GEOSCIENCES 1,377 22,055

PLANT & ANIMAL SCIENCES 1,191 18,387

ENVIRONMENT/ECOLOGY 803 16,241

ENGINEERING 1,878 12,703

SOCIAL SCIENCES, GENERAL 2,134 11,877

MATERIAL SCIENCES 1,054 10,058

ECONOMICS & BUSINESS 973 8,930

COMPUTER SCIENCE 695 5,817

PHARMACOLOGY & TOXICOLOGY 359 5,718

MATHEMATICS 978 5,129

MULTIDISCIPLINARY 154 1,421

AGRICULTURAL FIELDS 107 1,060

ALL FIELDS 42,249 817,614

Results

     This  section  provides  examples  of  field  and  time  spectra  illustrating  their  possible
applications. We will further discuss their merits and drawbacks.

(1) Time Spectra
     Time spectra are based on cumulative data taken from the ISI-WoS database. Illustrative
results are shown at three levels of aggregation: an institution (Oxford), a journal (Science),
and an individual scientist (Egghe), see Figs. 1 to 3. These spectra point to the 'normal' case
(Oxford) and to some special cases (the journal Science and Egghe).

Figure 1 Institutional Time Spectrum

     Figure 1 illustrates the normal case. Thanks to our scaling methods three types of indicators
become visually comparable. The type of  data collected  (namely, cumulative data)  lead  to
increasing h and C values and decreasing CPP values. The next examples illustrate somewhat
exceptional cases.

Figure 2 Journal Time spectrum

     The journal Science is a top journal. This is seen (Fig. 2) by the fact that rCPP lies above
the two other scaled indicators. Yet, all indicator values fit nicely in the spectrum diagram. For
single person's data, especially rCPP, may be somewhat more irregular, but again fit nicely into
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our format (Fig.3).

Figure 3 A Personal Time Spectrum

(2) Field Spectra
     In field spectra, fields are ranked according to their CPP from left (high) to right (low), as
shown in  Figs.  4-6.  The diagrams display field  spectra at  three levels  of  aggregation:  an
institution (Oxford), a country (Germany), and a journal (Science). We recall that all h-indices
are computed using the Glänzel-Schubert formula.

Figure 4 Institutional Field Spectrum: Univ. Oxford (1998-2008)

Figure 5 National Field Spectrum: Germany (1998-2008)
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Figure 6 Journal Field Spectrum: Science (1998-2008)

     In accordance with ISI-ESI's data collection policy, fields represented in the above field
spectra are considered preeminent fields, because citation statistics are only collected for the
top 1% fields  in citations. Again the journal  Science  (as well  as  Nature, not  shown) is  an
exceptional case, but still fits into our framework.

Discussion and Analysis

     In the above academic spectra, rCPP, lgC, and lnh are all related to research quality. These
indicators are particularly helpful  for comparison at different levels of aggregation. Since all
data in the ISI-ESI database are culled from the top 1% of all fields, the fields shown in the
field spectra are all premier fields for the corresponding institution, country, and journal. The
height of the rCPP and lnh bars and the lgC lines correspond to their preeminence in the field
spectra.

     Time spectra display the following information: 1) lgC and lnh gradually increase but curves
become less steep as years are added, indicating that citations and h-indices always increase
but there are upper limits; 2) In most cases, the rCPP gradually decreases, which means that
CPP decreases over time while publications increase.

     Field  spectra  provide  the  following  information  for  research  assessment:  1)  Fields  are
ordered  by citation  ranking  from left  (high)  to right  (low);  2)  rCPP > lnh > lgC indicates
top-level research performance; whereas, rCPP < lnh < lgC is the norm, encompassing most
cases. For example, several fields such as molecular biology and genetics, immunology, and
microbiology at the University of Oxford rank at the topmost level. Almost all  fields for the
journal Science outperform those same fields in other journals. As lnh is about the same as lgC
(otherwise our visualization would not work), we have as a very rough first approximation that,
for our type of data

h ~ elgC     (3)

Conclusion

     Academic  spectra  provide  valuable  visual  information  about  sources  of  information
production,  such  as  individual  scientists,  institutions,  countries,  or  journals.  Different
information  sources  have  unique  academic  spectra,  including  both  field  spectra  and  time
spectra. By integrating three indicators of research performance - the common logarithm of
citations, the square root of CPP, and the natural  logarithm of the h-index - into diagrams,
academic spectra more fully describe research performance than any one single indicator. Such
spectra can also be drawn for two or four indicators, but more types would probably clutter the
figure and decrease the usefulness of our visualization. As the diagrams we drew remind us of
physical spectra we propose the name academic spectra for this visualization tool. We present
these spectra as a useful tool for the scientometric practitioner who wants to have a first idea
on  collected  data.  Academic  spectra and  especially  fields  spectra,  make data comparisons
visible, pointing to high or low performance that need further investigation.
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