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Do synthesis centers produce novel, potentially transformative research?
Research publication diversity as an indicator of novelty and transformative capacity      
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Whereas previous studies had investigated whether 
interdisciplinary centers were more or less diverse without

This table shows the inferred LDA topic mixture for one of the synthesis 
publications. The Web of Science screenshot on the right shows the title, 
abstract and keywords that were used by the topic model to make this 
inference. The first column of the table shows the topic ID for the topics 
associated with this document; the second shows the estimated weights 
for each of 
those topics 
in the 
document; 
and the third 
column shows 
the most 
representative 
terms for 
each of these 
topics.

S y n t h e s i s i s a n e m e rg i n g 
m e t h o d  f o r p r o d u c i n g 
transformative research, and 
centers to promote synthesis are 
on the rise in the US and around 
the world. New analytic tools and 

techniques are needed to assess the  originality and transformative 
potential  of synthesis. We propose that research outputs produced within 
synthesis centers will exhibit distinctive qualities that distinguish them from 
other publications in their fields. To explore this possibility, we conducted a 
topical analysis of titles, abstracts, and keywords for approximately 400,000 
articles published in 108 leading journals from the fields of Ecology, 
Evolutionary Biology, Biodiversity Conservation, Forestry, and Fisheries. We 
then described each document as a proportional combination of the 
discovered topics, and used the Rao-Stirling heuristics to estimate, for each 
document, various measures that illuminate contrasting aspects of diversity 
(i.e. variety, balance, and disparity). We then compare diversity metrics for the 
synthesis center documents with those for all other documents in our corpus 
to evaluate whether and how the measured diversity of synthesis center 
publications differs from that of other publications in the relevant fields.
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The documents in the corpus were organized based on topic similarity using a 
self-organizing map algorithm2 and then grouped into clusters based on their 
most dominant topics. Topic cluster positions were then manually adjusted 
slightly based on k-means clustering solutions. Topic clusters are organized so 
that similar topics are near each other. Within each topic cluster, the largest 
words are the most representative terms for that topic.
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Topic modeling, in this case Latent Dirichlet Allocation (LDA)1, is an unsupervised probabilistic 
method for extracting a quantitative representation of semantic content for a document corpus 
based on observed patterns of term co-occurence. The LDA model assumes Dirichlet priors for 
terms in topics and and topics in documents, and discovers latent ‘topics’ by repeated sampling 
across the entire corpus. Once the latent topics (represented by groups of co-occurring terms) 
have been discovered, per-document topic ‘mixtures’ or combinations are inferred.

statistical inferenceprobabilistic generative process
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We performed unequal variance t-tests to 
evaluate differences in means for each of 
the three diversity components. First, a 
global t-test was performed for each 
diversity component (variety, evenness/
balance, and disparity) that evaluated all 
synthesis center documents vs. all other 
documents in the corpus. Results of these 
global t-tests are represented in the large 
flower plot above. Because averages for 
some measures appeared to vary with 
dominant topic, the same t-tests were 
also performed for synthesis center 
documents vs. all other documents in 
each topic cluster. Results of these per-
topic tests are represented in the diagram 
to the right.

This figure shows the average variety, evenness/balance, and diversity scores for the documents in each topic cluster. Each topic cluster appears as a small 
flower; positions are the same as those used in the word cloud figure above. Here one can observe that synthesis center publications appear in over three-
quarters of the topic clusters, but that they are concentrated in topics related to species diversity, conservation management, predator-prey relationships, climate 
change, evolution and phylogeny, and plant species. Synthesis center documents have significantly higher balance/evenness scores in many of the clusters, and 
significantly lower disparity scores in a smaller number. In one case (species, diversity, patterns topic), synthesis center publications have significantly higher 
disparity, but the disparity scores for that cluster overall are well below the global mean. Synthesis center publications also demonstrated higher variety scores in 
the species diversity and trees topic clusters, but further analysis suggests these differences are mainly attributable to differences in document length.

tre
es   forest   forests

exposu

re
   

co
nc

en
tr

at
io

n

temperature   s
tre

ss
   

l

size   large   sm
allw

ood  properties  st
ren

gt
h

pla
nt

s 
  f

lo
w

er
s 

  e
vo

lut
ion

detection   assay   developed

ho
st

  
  
re

si
st

an
ce 

  infection

m
ut

at
io

ns
   

m

uta
tion   mutant

birds   m
igration   behavior

grow

th
   

su
rv

iv
al

  
 la

rv
ae

po
pu

la
tio

n 
 p

op
ulations  density

sy
ste

m   dynamics   netw
ork

production   land   yield

ac
tiv

ity
   

en
zy

me   enzymes

pr
ey

  
 p

re
da

to
rs

   

pre
dation

dna   recom

bi
na

tio
n 

  
sa

cc
ha

ro

myce
s_cerevisiae

m

ice
   

le
ve

ls
  
 e

xp
re

ss
ion

le
av

es
  
 p

la
nt

s 
  p

ho
tos

ynthesis

morphology   evolution   form
ation

selection   evolution   traits

fish   river   lakes

ta
sk

  
 le

ar
ni

ng
   p

erception

so
il 

  
so

ils
   

ra
tes

cel
ls 

  d
iff

er
en

tia
tio

n 
  d

ev
elo

pment

ne
ur

on
s 

  b
ra

in 
  activity

climate_chang
e  

 c
ha

ng
es

  
 c

lim
at

e

species   plants   native

in
fe

ct
io

n 
  
st

ra
in

s  
 bacteria

phytoplankton   sedim
ent   zooplankton

po
pu

lat
ions   islands   species

fis
h 

  
fis

he
ry

   
ab

undance

pa
tie

nt
s 

  
ris

k 
  a

sso
ciation

fe
m

al
es

   
m

ale
s   

female

cells  
 ex

pr
es

si
on

  
 a

ct
iv

at
ion

fis
h 

  
di

et
   

die
ts

ac
tiv

at
io

n 
  c

ell
s   

proteins

cexpression   com
plex   transcription

cells 
   

ex
pr

es
si

on
  
 a

po
pt

os
is

ph
yl

og
en

y 
  e

vo
lution   taxa

populations   genetic_dive
rsi

ty
   

lo
ci

prot
ein

   
pr

ot
ei

ns
  
 s

tr
uc

tu
re

ge
ne

s 
  
ge

ne
  
 g

en
om

e

su
rf

ac
e 

  p
ha

se
   m

aterials

sp
ec

ie
s 

  d
iv
er

sity
  patterns

co
ns

er
va

tio
n 

  m
anagement   research

162

239

95

85

82

80

69

48

46

44

43

43

38

38

35

31

27

23

23

21

21

21

17

14

12

9

8

7

5

4

3

3

2

1
1

1

3. Rao, C. R. (1982). Diversity and dissimilarity coefficients: A unified approach. Theoretical Population Biology, 21, 24–43.
4. Stirling, A. (2007). A general framework for analysing diversity in science, technology and society. Journal of the Royal Society Interface, 4(15), 707–719. 
5. Rafols, I. and M. Meyer (2010) Diversity and network coherence as indicators of interdisciplinarity: case studies in bionanoscience. Scientometrics 82:263–287.
6. Stirling, A. (1998). On the economics and analysis of diversity. SPRU Electronic Working Paper. http://www.sussex.ac.uk/Units/spru/publications/imprint/sewps/sewp28/sewp28.pdf Accessed Feb 10, 2015. 

this line marks the global 
mean and can be used as a 
reference level for the 
cluster plots to the right

number of 
synthesis center 

documents in the 
group

HOW TO INTERPRET THE PETAL PLOTS
Petal color indicates the diversity measure: green = variety; orange = evenness/
balance; and purple = disparity
Petal darkness (color value) distinguishes synthesis center documents from other 
documents. Synthesis center documents are represented by the darker petals, and 
all other documents by the lighter petals.
Petal length is proportional to values of the diversity variables; longer petals 
indicate higher scores. Petals extending beyond the thin black circle outline 
represent values above the global mean; those within the circle below the mean.
Petal width is scaled to indicate how many documents are assigned to a particular 
cluster. Note that synthesis center documents and other documents are scaled 
independently
Dots indicate significant differences in means: 

lll= p < .001, ll= p < .01 l= p < .05
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Data included all abstract-containing records 
published between 1996 and late August 2013 for 
four top general science journals (Nature, PLOS 
ONE, PNAS, and Science) and the top 20 journals 
(based on Eigenfactor2) for each of five ISI subject 
categories (94 journals total).

An additional 14 journals that were key publication 
venues for the synthesis centers (marked with * in 
the journal list to right) were added to the corpus 
to allow for inclusion of a greater proportion of 
synthesis center documents. The corpus 
contained 1668 (70%) of the 2390 documents 
published during that period based on work 
completed at the two synthesis centers (NCEAS = 
1298 of 1837, NESCent = 370 of 553).

Natural language fields from these records (title, 
abstract, and keywords) were used to generate 
the LDA topic model.
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The concept of diversity has been applied in various ways in ecology and other 
natural sciences, information sciences, and social sciences. Rao (1982)3 and 
(Stirling (2007)4 have advanced analytical frameworks that distinguish different 
aspects or components of diversity: variety (the number of categories 
associated with an entity), balance or evenness (how evenly represented the 
categories are), and disparity (how dissimilar the given categories are). We 
apply these three components of diversity to analysis of the topic mixtures that 
we obtained through LDA topic modeling. To calculate variety, we counted the 
number of topics associated with each document; for evenness, we evaluated 
the shares or proportions of each of those topics in a document; and for 
disparity, we first measured similarity/dissimilarity between topics by evaluating 
how rare all pairwise combinations of two topics were (cosine similarity/
distance) and then used those distances to derive disparity scores based on the 
combinations of topics observed in a single document.

global 
results
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results
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A set of regression analyses show reasonable explanatory power for 
topic category across all three diversity components, but especially 
for evenness/balance and disparity. The number of tokens in the 
document and topic weight removed account for a majority of the 
accounted for variation in variety scores. However, the models that 
included all predictors accounted for only 17.6% of the variance in 
variety, 15.9% in evenness/balance, and 9.9% in disparity. Other 
potential predictors accounted for very little variance, but the signs of 
their coefficients yield interesting patterns. For example, while 
number of authors often has non-significant relationships with variety 
and disparity, number of unique addresses has predictably positive 
relationships with these variables.

Because number of tokens and topic weight removed were 
important predictors for variety in particular, we performed analysis 
of covariance to examine differences between synthesis center 
documents and all other documents when these variables were 
accounted for. Here we show ANCOVA results for number of tokens. 
No significant difference in slope or intercept was observed for 
variety when this variable was accounted for, but evenness/balance 
remained significantly higher for synthesis center documents, and 
disparity significantly lower. Because these differences remain when 
number of tokens and topic weight removed are accounted for, it is 
reasonable to interpret the cluster-by-cluster differences in 
evenness/balance and disparity shown in the flower plots at left as 
reflective of differences not accounted for by these variables.

Because variety appeared to have 
different relationships with number of 
tokens in different ranges of the 
variable (likely due to thresholds 
applied to the data during analysis), 
we considered only documents 
having between 80 and 160 tokens 
for these tests. This range contains 
roughly 80% of the documents in the 
corpus. This noticeable discontinuity 
in distribution is observed only for 
variety scores.

P-values for all models shown are less than .0001.

p = positive correlation
n = negative correlation
ns = no significant correlation

insights, limitationsnext steps&
specifying aspects of diversity, the novelty of our approach is that is capable of discerning the type of 
thematic diversity that characterizes "synthesis centers": an even combination of topics (relatively high 
balance) that are clearly distinct but that are not extremely disparate in cognitive terms (relatively low 
disparity) appear to characterize the work produced by the two centers studied. We have demonstrated 
the fruitfulness of applying theoretical measures of diversity to thematic quantitative models of research 
publications, and expect that these measures, when combined with other quantitative and qualitative 
approaches, will significantly advance our understanding of synthesis science. However, while we have 
identified significant differences in diversity between synthesis center publications and other publications 
and cast doubt upon the idea that these differences might be accounted for by larger numbers of 
authors or collaborating institutions, our analyses did not suggest mechanistic explanations for how the 
observed differences are achieved. Furthermore, the strength of our analyses is limited by the types and 
quantities of research publication data that are readily available for computational analysis and the lack of 
information about the scientific processes through which research publications are generated. As we 
continue to explore the patterns in this data, we will also seek to expand the number of synthesis centers 
included in our analyses and combine this approach for identifying publication diversity with other 
methods for discerning synthetic practices and qualities at various stages of the research process.
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