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Abstract

The aim of this paper is to demonstrate a methodhferevaluation at the individual level of research staff
currently employed within a university department or otkewledge organisations with research purposes.
Based on methods for citation analysis and methodsldstering of papers into research lines (bibliographic
coupling) we present an analysis of one researcher indimemsions: 1) publication and citation indicators; 2)
publication profile, and 3) research lines. One of fdmures of the method is the benchmark against other
researchers within the same research line, i.eareSers that use the same references and, accgrding|
active in the same field of research. The paper sugdastanethod as a means to avoid the fallacies of
evaluation based on sub-field categories in the Webieh&e. The method was used in a Research Assessment
Exercise accomplished in the autumn of 2008 at Royal Instfufechnology.

Introduction

Nowadays performance assessment usually includes the upabli¢ation and citation
counts. The reward system in science is based on réicogrand this emphasizes the
importance of publications to the science system. Bii@iwic analysis is a fundamental asset
for evaluative studies. Beside publication and citatioalysms the bibliometric mapping
techniques enable visualizations of the positioning of rekegroups in relation to their
research communities. Bibliometrics makes it possibldsualize performance for the author
and the subject clusters relevant for the units of ags&®. In this paper we try to illuminate
the activities of the researcher by making use of sedgfarent methods. These methods
are, to some extent, not that transparent to théerga.g. clustering techniques rests on
thresholds and several other variables, but at the Sar@dhe resulting maps are often easier
to understand and carry more contextual information efast to all parties in an evaluation.

Theories of citing

The choice of citations as an important indicatdiscr a theory of citing: a theory that
makes it possible to explain why author x cited artickt éime t. What factors should be
considered when we discuss why researchers cite bafcknber literature? The need for a
theoretical underpinning of citation analysis has bedmaeledged for a long time and
several theories have been put forward. In short, terehree types of theories: normative,
constructive and pragmatic. Normative theories aredas a naive functionalist sociology,
and constructivist theories are opposed to these assumpilenshird alternative, the Nordic
pragmatist school (e.g. Seglen, 1998, Luukonen, 1997, Amsterd&riskpdesdorff, 1989;
Aksnes 2003), emphasizes utility in research as an impaspect, and cognitive qualities
another, and together they are criterions for retareselection. Based on Cole (1992) the
Norwegian Aksnes (2003b) have introduced the concepts ofygaadl visibility dynamics in
order to depict the mechanisms involved.

Factors like journal space limitations prevent reseascftom citing all the sources they draw
on; it has been estimated that only a third of theditee base of a scientific paper is
rewarded with citations. Therefore, citation does moplicate that the cited author was
necessarily “correct”, but that the research wasulis&¥e should not forget that negative
findings can be of considerable value in terms of doachind method. If a paper is used by
others, it has some importance. In retrospect, theddeaethod may be totally rejected; yet
use of the citation is clearly closer to “importannhicdbution to knowledge” than just the



publication count in itself. The citation signifies rgodgion and typically bestows prestige,
symbolizing influence and continuity.

From the view of the pragmatist citation school, scdssion of the limits of citation counting
is necessary. As stated above, not all works that Suglbe cited are actually cited, and not
all works that are cited “ought” to be. As a consequetieeyalidity of using citation counts
in evaluative citation analysis is contestable. Evehafquality of the earlier document is the
most significant factor affecting its citation courtise combined effect of other variables is
sufficiently powerful and much too complex to rule ousifige correlations between citation
count and cited-document quality.

The view taken in this paper is that authors cite earlegkwn order to substantiate particular
points in their own work. Therefore, on a general lgkiel citation of a scientific paper is an
indication of the importance that the community attadloethe paper, or the pragmatic value
connected to the paper. If it is used by others themec@gnitive quality in the paper and this
quality is measurable by citations, preferably with noizasibn according to field.

The field and sub-field problematique

In bibliometric studies the definition of fields is gesly based on the classification of
scientific journals into more than 250 categories, aged by Thomson Reuters. Although
this classification is not perfect, it provides a cleaa aonsistent definition of fields suitable
for automated procedures. However, this proposition has diggdlenged by several scholars
(e.g. Leydesdorff, 2008; Bornmann et al. 2008). Two limitaticagehbeen pointed out: (1)
multidisciplinary journals (e.g. Nature; Science); andhi@hly specialized fields of research.
The Thomson Reuters classification of journals includes sub-field category named
“Multidisciplinary Sciences” for journals like PNAS, Nae and Science. More than 50
journals are classified as multidisciplinary since thmiblish research reports in many
different fields. Fortunately, each of the papers pubtisih this category are subject specific,
and, therefore, it is possible to assign a subjeegoay to these on the article level — what
Glanzel et al. (1999) calls “item by item reclassificati

We have followed that strategy in this paper. Thus, annzated procedure was put into
place: papers in multidisciplinary journals are assigiee@ new field based on the field
representation of the citing journals and cited jourrdlthe majority of the citations to a
paper published in a multidisciplinary journal come from netiemge journals and the
majority of the cited references in the paper are to seignce journals, the paper will be
assigned to neuroscience. In short, a paper is asdigiied field in which the largest number
of its references and citations are classified. Thefideof reclassification is that statistics for
fields, including author, institution, country, journal and papkings, more accurately
reflect all papers in these fields, including those founchutitidisciplinary journals, some of
which publish influential, highly cited research reports.

The second issue of highly specialized fields within saelu$i is less easy to resolve.
Lewison, in a debate with van Raan, pinpoints someefé¢hAsons for questioning journal-
dependent classifications; e.g. traditional delineatioesduot distinguish between specialist
and non-specialist journals (Lewison, 2005). Bornmann.gR808) reports a case study of
one neurology group and different relative citations esodepending on if they used
Thomson Reuters sub-fields or used MEDLINEs Medicabj& Headings (MeSH)
assignation item-by-item. The latter methodology seemsre appropriate than the
classification from journals. MEDLINES hierarchicalrwstture is, of course, more fine-
grained than the Thomson Reuters classification, buke tleemo such database for other
scientific fields. Therefore, as analyst’'s we arewn upon the existing resources i.e. the
Thomson Reuters.



However, contributors to the debate like Leydesdorffiehaxpressed their doubts: As there
are no agreed-upon alternatives, the Thomson Reuteesctuategories are often used for
“‘comparing like with like”. In Leydesdorff interpretationede categories are assigned by the
Thomson Reuters staff on the basis the journal andtéSon patterns. An obvious problem
is that the classification matches poorly with classtions derived from the database itself
on the basis of clustering analysis. Using such a metbggoesearchers have found that in
more than 50% of the cases the Thomson Reuters caegorresponded closely with the
clusters based on inter-journal citation relationsyflesdorff, 2008).

While preparing for this paper we investigated whether a pitajphic coupling performed in
two or three steps would produce more coherent field délimedresults indicated that there
is no simple method, e.g. bibliographic coupling, that woeldited for developing a new
and better classification. This is mainly due to tret that there are many relations between
fields depending on different roles for basic researcthe one hand and applied research on
the other. A reclassification based on bibliographic cagplvould mix basic and applied in
such a way that it would harm the results. Therefaue,conclusion is that, with small fine-
tuning, the field definitions and boundaries used by the Thonk&uters are very well
adapted to the needs of a pragmatic evaluative approaahisTconfirmed by the Leiden
group “Groupings based on citation relationships, howererless stable, because journals in
related fields and multidisciplinary journals often havarging citation relationships with
the ‘core’ journals of a field over the course of tiiME€WTS, 2007:63)

Still, there are concerns regarding the field delineatiorThey have been challenged and
sometimes we find groups of researchers that are inebetwf fields; these groups might
come into a citation shadow of dominate research anddwn the field, e.g. a group in
Mathematics that publishes in Physics and hence is codhpath other publications in
physics. If we compare the groups within this specific afeeesearch and separate the
addresses from physics departments and those from natibemve find that articles with the
latter addresses systematically have a lower aitatite. Clearly, we should be cautious when
it comes to field normalization. The dynamics of sceeronstantly opens up new research
lines that often are combinations at the border betwessarch areas (or disciplines). The
Thomson Reuters journal classification has to be gtigtlele over time; consequently this will
produce inconsistencies.

In their article on dimensions of citation analysigytlesforff & Amsterdamska (1990),
showed that comparing “like with like” (Martin & Irvine 1983 very hard to achieve.
Although they had similar research teams with simgarformances the detailed analysis
gave a conclusion that pointed in a critical direction

Our analysis suggests, however, that the criteriomviwdt constitutes sufficiently similar
groups is itself problematic. Despite the fact thatitlwe papers we compared originated from
the same small laboratory, they were clearly addredssedour distinctly structured
communities. The local institutional identity of the paperigin is not sufficient to assure
the similarity of their audiences, nor does it prowtiees for explaining the papers’ perceived
significance and reception. (pp. 324-5)

In order to handle these above mentioned problems wedesedoped a method that makes it
possible to compare the groups production and citations staaeresearch line with all
papers in that specific research line: is the group peifgrivetter, in line with or less well
than their colleagues in that specialized area of relseaWe continue to use the fields
proposed by Thomson Reuters, but we present the rassiish a way that it possible to see
whether the group performs according to the standardsimréispective research lines. This
can be seen as an alternative, and more fine-grainedpan&ih normalization. If the two
methods produce the same results, the figures are obvimasty significant. The method is
presented below under the heading “Clusters and Reseaesi.L



Clusters and research lines

We have seen that there are no perfect measures dtwagons of research. Probably, the
best way to handle this is to develop complementarganors or to develop other indirect
measures that illuminate the performance of research®isresearch groups in different
ways. One of the challenges in visualization of bibkbme data is to find a method that suits
both the highly productive (>500 papers) and the lowly produd&2® papers). In the
following we have chosen to focus on visualizationsaaseans to enhance the evaluative
properties of the analysis.

Thereby we used clustering and mapping techniques for resemmchactivities over the
period 2000-2006. The goal of cluster analysis is to divide dabaamumber of subsets
(clusters) according to some given similarity measure(CR006). As already indicated it is
quite problematic to delineate a research field withrjalsr or journal categories; evidently, a
researcher is often active in several of the mben 250 subject fields. Why is mapping
important to evaluative bibliometrics? The obvious ansgjefirstly, that mapping provides
us with a profiling of the research group or the individuakaecher. Accurate maps of the
actual articles and their related research lines giveedescription of what is going on in that
field of research; how articles are related to eachrptheich research lines that are more
close to each other and how they are connected. Sgc@mil as important as the first, it
gives a complementary illumination of the activitiddlee research group in relation to their
closest colleagues. Mapping techniques makes it possible foacerthe individual/group —
regarding citation performance — with its nearest naighg) i.e. other researchers working on
the same topics and in the same research lines. mahe covering articles from each unit of
assessment there is also an indication of highly aréidles (and clusters of highly cited
documents). For the reader this should be quite easyeipiet and analyze.

Our methods owe much to the work of Chaomei Chen atdDkgniversity and to the work of
Dick Klavans and Kevin Boyack at SciTech Strategies Ine Wave developed a
methodology based on bibliographical coupling in order ita laccurate and coherent maps
of areas and research lines (Boyack et al., 2005; Chen, 20@@&ns & Boyack, 20064,
Klavans & Boyack, 2006b). For a detailed description seeetiieical appendix.

The mapping of article networks is a procedure to identliysters of articles in
correspondence to the underlying thematic groupings; hopedslithey are perceived by
scientists themselves. The core of our method relidsliographical coupling of documents
(articles, not journals) into research lines; groupsdoetuments that cite the same base
documents. This is an established method within bibliometaius has been shown, by
Jarneving (2007), to work well for the purpose of clusterihgetated papers into coherent
groups. We consider research as an activity conductedntgil“groups of people attacking
equally small and intensely focused sets of shared prob@tasris et. al., 2003: 413). The
highly cited papers of these research lines are therabskants of that specific research area.
The immediate nature of bibliographic coupling makes it eaient to use for constructing
research lines over a time period (Morris et al. 2003: 4bh4)ur presentations each research
line is described, to the left, with the most frequenmtrs (keywords), and to the right, the
most frequent individual authors and their number otlag. We consider this method a
valuable asset for evaluative bibliometrics as it vigealithe development of the research line
over time — growth, decline or stability. But, we shouldntion that the time line is rather
short in the reported analyses. A period of seven ygangnost cases quite limited.

In this paper we propose that the most frequent reséiaeh in which the research groups
are active, should be considered as a representativieefooverall research. We try to avoid
measuring too many of the single and more casual linessefrch that a group performs.
Instead, we focus our interest on the larger and nmatales research lines. Moreover, in
addition to the general performance of the researeh diur analysis also gives the field



normalized citation score for the specific artichest the research group under consideration.
Those figures can be compared with the score of tleards line as a whole.

Professor Ake Bergman

In order to illustrate our method we have chosen tsemtethe work of Professor Ake
Bergman at Stockholm University. Bergman is activehat Department of Environmental
Chemistry, one of the six departments in chemisty atitingersity. Bergman has his basis in
chemistry with strong interdisciplinary and multid@aiary links to research, teaching and
international activities on chemicals and the envirortimidis and the department work is in
particular focused on chemical synthesis, charadtesjstxposure of chemicals, human health
and wildlife effects. The research encompass the goatjsfate and biological effects of
environmental pollutants and trace substances, including thelogenent and use of
chemical, biological and physical methods as well asemical models. We have chosen an
outstanding researcher as it much more pleasantnégrsting to present excellent research
than the other way around. On the following three pagae tls information showing results
at individual, or personalized, level.

Page 1 BIBLIOMETRIC INDICATORS

The first page gives the bibliometric indicators for ithdividual. At the bottom there are two
graphs, to the left number of papers per year, to tihe vitality (reference age). It is hard to
find relevant data for time series on the individuakleVitality might be a viable indicator as

it has other features than the citation indicatorsnbier of references are more or less stable
within research areas and the reference age might notelevier time that much. But, if we
see a lowering of the reference age it might in@ichat the researcher is getting closer to
research at the front.

Page 2 PUBLICATION PROFILE

This map includes all articles that belong to the resefmes (see next paragraph) to which
the individual has been assigned by his or her artiblagers written by the individual under
consideration are marked yellow. Relations are basediritar references (bibliographic
coupling). Papers characterized by high impact scores (>dréMighlighted by pink color
rings; a group with a number of high impact papers will haaay pink nodes in the picture.
Pink lines between nodes indicate a low reference agé (hiality). We interpret higher
vitality as tendency to be closer to the researchtfemd a higher probability to impact on
knowledge production at this front. At the bottom, the reduhel tables of most frequent
journals, most frequent collaborating institutions, andstmdérequent ISI sub-fields.
Unification of names of the most frequent institutioss been applied. Below the map is
found the most frequent keywords on articles from tdevidual, the most frequent co-author
names, and the most frequent co-authoring institutions.

Page 3 RESEARCH LINES

Research lines are built via a clustering based obibiiegraphical coupling of all articles in
the Thomson Reuters database from 2000-2006. These small nai@snof articles use the
same references and should, therefore, deal with oless the same topic. The idea is to
demonstrate the distribution of articles (grey fieldsyl @itations (pink lines; 2yr citation
window). It is possible thereby to see the developmeat tme of the research line.



BERGMAN, AKE - BIELIOMETRIC INDICATORS

NUMBER OF PAPERS [P) a7
Murnber of papers (articles, letters and reviews) published by Bergman, Ake during 1998-2006.

NUMBER OF FRACTIONALIZED PAPERS (Frac P) 183
Sum of author fractionalized papers.

CITATIONS PER PAPER (CPP) 20.5
Mumber of citations per paper (31 December 2007).

JOURNAL NORMALIZED CITATION SCORE (NCSj) 2.16
CPP nomalized in relation to the Bergman, Ake joumal set (average=1.00).

NORMALIZED JOURNAL CITATION SCORE (NJCS) 1.53
The impact of the joumal set nomalized in relation to its sub-fields (average=1.00)

FIELD NORMALIZED CITATION SCORE (NCST) 342
CPP nomalized in relation to the Bergman, Ake sub-fisld set (average=1.00).

SUM OF FIELD NORMALIFED CITATION SCORE (Sum NCST) 62.6
NCSf times Frac P.

STANDARD FIELD CITATION SCORE (SCSf) 1.02
Zscore standardized citation score in relation to the Bergman, Ake sub-field set (N.B! average=0.00).

TOP 5% (TOP5%) K1
Percentage of papers above the 95th citation percentile.

VITALITY 147
Mean reference age normalized in relation to the sub-field set (average=1.00, higher=younger).

PERCENTAGE SELF CITATION (SelfCit) 6
Percentage self-citation.

PERCENTAGE NOT CITED PAPERS (Pnc) 5
Percentage of not cited papers during the period.

HIRSCH INDEX (H-INDEX) 29
The h number papers that have at least h citations each.

AUTHOR MEAN {AUm) 53
Mean number of authors per paper.

INTERNATIONAL COLLABORATION MEAN (IntCOLLm) 1.8

Mean number of countries per paper.

20— 250 —
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12 - 150 -
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8- 1.00 -
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| |
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MNumber of papers per vear Vitality per vear



BERGMAN. AKE - PUBLICATION PROFILE

MOST FREQUENT KEYW ORDS
{in publications belonging to Bergman, Ake)

POLYCHLORINATED-BIPHEMYLS (23

)
PCOLYBROMNATED DIPHEMYL ETHERS (1T]BRCIJWER A [14]

BROMNATED FLAME RETARDANTS (16)
EXPOSURE (15)

IDENTIFICATION {13)

GAS-CHROMAT OGRAPHY (13)

PCB (11}

BROMNATED FLAME RETARDANTS (10}
PLASIMA (10)

BLOCD (3)
POLYCHLORINATED-BIPHENYLS PCBS (B)
PBDE (&)

The map shows papers [nodes) in research lines where Bergman, Ake has been active.
Relations {edges) are based on bibliographic coupling.

Most frequent keywords are displayed for groups of related papers.

Papers with high field nomalized citation score (=4) are marked with a pink border.
Edges between publications with high wvitality (=1.2) are drawn in pink.

MOST FREQUENT CO-AUTHORS MOST FREQUENT COLLABORATORS
{in publications belonging to Bargman, Ake} (i publications befonging to Blergman, Ake)
ATHANASIADOU, M(18) STOCKHOLMUNIV (111)

UTRECHT UNIV (13}

SJODIN, A (10) UPPSALA UNIV (12)

I'IMRSH G{10) LUND HOSP UNIV (10)

VAN DEN BERG, M () KARCLINSKA INST (10)

LARSSON, C (8) WAGENINGEN & RES CTR UNIV ()
HAGMAR, L (8) WAGENINGEMN UNIV AGR (T)

BRANDT, I (T) SWEDISH MUSEUMMAT HIST (7)

ATHANASSMDIS 1 (7} ERASMUS UNIV (7)

VISSER, TJ ()

SWEDISH UNIY AGR SCI (5)
THLHESSCN, K (8) YRWE UNIV AMSTERDAM{4)
SCHUUR, AG (B) HAMBURG UNIV {4)



BERGMAN, AKE - RESEARCH LINES

2000 2001 2002 2003 2004 2005 2006
T T T T T T T
brominated flame retardants (195) Bergman, A (23)
polybrominated diphenyl ethers (166) Bergman, Ake (23) Alaee, M(15)

phdes (96) Covaci, A (14)

environment (74) . I - Hites, RA (13)

: 344 Field normalized citation score: 4.02 Vital 1.53
fish (86 L e 1zecciiation iy de Boer, J (12)

polychlorinated-biphenys (65)
flame retardants (54)
exposurs (B3)

peb metabelites (18)
polychlorinated-biphenys (15)

Papers: 23 Field nomalized citation score: 4.29 Vitality: 1.38

Bergman, Ake (15)

Voorsposls, S {12)
Becher, G{11)
Sjodin, A (10)

Bergman, & (15)
Lehmler, HJ {11}

blood {15) -\_\/“—\______________‘_\ Robertson, LW (3)
transthyretin (14) = " . . e Brouwwer, & (7)
inaitro (13) Pay 87 Field normalized citation score: 1.91 Vitality: 0.99 Athanasiadou, M{T)

polychlorinated biphenyls (12)
metabolites (12)
palychlonnated-biphenys pobs (10)

paolybrominated dipheny ethers (30)

Papers: 15 Field nomalized citation score: 4.62 Vitality: 1.14

Bergman, Ake (T)

Wehler, EK (5)
James, MO (5)
Heowvander, L (5)

Vetter, W (18)

identification (20) Marsh, G (10)
brominated flame retardants (17) _——’—//"\—\ Reddy, CM(9)
environmeantal-samples (16) _ L - Bergman, A (&)
. P : 121 Field normalized citation score: 1.57 Vitality: 1.16
metabolites (13) M\ﬂf/ Eales, JG(7)
bromoghencls (13) Athanasiadou, MiE)
rainbow-trout {12) Papers: 7 Field nomalized citation score: 2.83 Vitality: 1.21 Asplund, L {8)

marine spenge (12)

Teuten, EL (3}

polychloinated-biphends (25) Giesy, JP (24)
pebs (23) Bergman, Aks (7) Kannan, K (15)
dibenzo-p-dicxins (19) W Villeneuve, DL (5)

mass-spectrometry (18) . " I = - Muir, DCG (9)

gas-chromatography (18) W Bergman, & (&)
emvironmental-samgles {18) Wong, TS {7)

pch (16) Papers: 7 Field nomalized citation score: 1.29 Vitality 0.57 Letcher, RJ (7)

polyeyelic aomatic-hydrocarons (15) Hoekstra, PF (T}

polychloinated-biphenys (28)
organic-compounds (27)

Bergman, Ake (3)

Chen, JW {17}
Wania, F (14)

polyeyelic aromatic-hydrocarbons (26) J_j\—_— Schramm, KW (11)
water (21) : 149 Field normalized citation score: 1.44 Vitality: 0.98 Quan, X (10)
vapor-pressures (21) Lei, YD (10}
chemicals (21) _M\—/\/"/’_* Yang, FL (3)
pls {17) Papers: 3 Field nomalized citation score: 4. 25 Vitality 1.12 Miu, JF (8)
temperaturs (16} Kettrup, & (8)

polychlorinated-biphenys (27)
fish consumption (18)
polychlorinated biphenyls (13)

Bergman, Ake (2)

Hagmar, L (25)
Rytander, L (20)

Rignell-Hydbom, A (10)

semen gquality (11) - o e Axrnon, A {10)
lized citation score: 1.50 Vitality: 1.03
ersistent crganochlorine compounds (11) = on ity: Giwercman, A (8)
exposure (3) Stromberg, U {7)
ferility (8) Fapers: 2 Field nomalized citation score: 2.24 Vitality: 0.8 Jonzson, BAG (7)
blood-plasma (&) Toft, G(6)

2000

2001

2002

2003 2004 2005

2006

Research lines are clusters of similar papers bazed on bibliographic coupling.

Mpst frequent keywords are shown to the | eft and most frequent authors to the right.

Grey fields shows the proportion of papers each year.

Pink lines shows the proportion of citations (2 year citation window) each year.

Mumber of publications, field nomalized citation score and vitaliy for each research line are shown at 2ach line.
Performance indicators for Bergman, Ake are shown below the line.



The total number of articles, the field normalizedt@tascore, NCSf, and the vitality score,
are displayed on the line. Researchers from the UWop\three) active in that specific line of
research are shown above the line. Presented undinehare the field normalized citation
score and vitality for the UoA publications in that lmferesearch.

As a rule of thumb we estimate that a positive défiee of factor 2 or more indicates that the
person is influencing the research front of that specésearch line, given, of course, that
there are a sufficient number of publications. To &fewe show the most frequent keywords
in the research lines and to the right the most freqaetitors. Above the line is shown the
individuals number of papers within the research line andwbe$ displayed the field
normalized citation score.

The innovative function of these research lines awad tlesearchers can compare and
benchmark themselves with their closest colleaguesgethioat are in the same field of
research and are utilizing the same references inrdmaarch. The publication profile gives
the researcher his or her positioning within the fieldeskarch. From the information given it
is possible to discuss strategic action, e.g. on deof future research.

Going deeper into the research lines the visualizaliowshe growth of the line over time. If
the grey area is expanding there are a growing nunilpapers per year. Inversely, there is a
diminishing number of papers if the grey area is becorsingller over time. Analogously,
the red (or pink) lines show the development of numbeitafions over time. Several of the
Bergman research lines seem to be expanding over time.

As stated above, the most important feature of théadeis that we can compare the citation
score of Ake Bergman with his colleagues. We find thagBan is well above the mean
citation rate in all lines except one. The most fretjuesearch line for Bergman is a very
highly cited line and he has co-authored a high number pérpa Obviously, Bergman is
active in a number of fields which receive citationsxfrother lines/areas.

Discussion

Acknowledging the influence from Boyack, Klavans and Mowe underline that this is the
first version of the proposed method. Certainly, thereasn for further methodological (and
theoretical) development. The method seem to work imeproductive environments but
results from social scientist or other areas with @pers per person indicate that the method
does apply only if there is cumulative knowledge production

More on weaknesses and shortcomings of the methodbevitliscussed in the conference
presentation.
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