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Business  research  has  established  itself  in largely  six  disciplines:  Accounting,  Marketing,
Organizational  Behavior  and  Management,  Finance,  Management  Science  and Operations
Research, and  Management  Information  Systems.  The  knowledge  flows  among  these  six
disciplines  and  the factors  that  drive  knowledge  diffusion  are  important  considerations.
The  quantitative  analyses  on a large  dataset  containing  over 400,000  journal-to-journal
citations  for  business  journals  published  between  1997  and 2009  reveal  important  patterns
of knowledge  diffusion  in business  research.  The  cross-disciplinary  knowledge  diffusion  is
discipline-dependent  and  converging  to a  similar  level  in terms  of the  diversity.  Aside  from
other  factors  such  as  articles  published  in the  journal  and  the  number  of classifications,
we  find  that  journal  quality,  as  measured  by inclusion  in the  UT Dallas  top  journal  list,  has
a significant  effect  on cross-disciplinary  knowledge  flows.  We  also  offer  some  potential
explanations  for the  effect  of this  formalized  measure  of quality.

© 2017  Elsevier  Ltd.  All  rights  reserved.

. Introduction

Business research has largely established itself in recent decades in six disciplines, namely Accounting, Marketing,
rganizational Behavior and Management (OB/M), Finance, Management Science and Operations Research (MS/OR), and
anagement Information Systems (MIS). The status quo of the knowledge diffusion among the six disciplines is of inter-

sts to many researchers in business schools. Indeed, considerable research interests exist in the interdisciplinary scholarly
xchange and academic knowledge diffusion (e.g., Biehl, Kim, & Wade, 2006; Linderman and Chandrasekaran, 2010). The
urrent studies are limited in scope for the limited journals (e.g., Biehl et al., 2006) or disciplines (e.g., Linderman and
handrasekaran, 2010). To get a full picture of the six disciplines, this study investigates the knowledge diffusion of the
ix disciplines of business research using a large dataset containing over 400,000 journal-to-journal citations for business
ournals published during 1997–2009. We  first study discipline-level knowledge flow dynamics, such as dependency and
iversity among the six business disciplines. We  then study factors influencing knowledge exchange in these disciplines

sing econometric methods. Besides the contextual contributions in providing a more complete picture of the interdisci-
linary knowledge diffusion in business research, this study also applies some state of the art econometric techniques to
he citation networks of the six disciplines.
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Fig. 1. Citation flow and knowledge flow.

The use of citations as a research instrument allows for a view of the impact of knowledge exchange on the dynamic
formulation and development of the field of business. Despite the potential limitations in reproducing the intellectual con-
nections of the citing and cited work,1 citations are the most widely used measure of knowledge flows, due to the objectivity
of the measurement, which is independent from personal perceptions (e.g., Lockett & McWilliams, 2005). According to
Bhupatiraju, Nomaler, Triulzi, and Verspagen, (2012, p.1206), citations “are indications of intellectual influence (from the
cited paper to the citing paper), and therefore can be used as ‘paper trails’ of the flow of ideas between and within” disci-
plines. Existing studies have used citations to reveal macro-level knowledge diffusion patterns among various science and
social science domains (Yan, Ding, Cronin, & Leydesdorff, 2013; Yan & Yu, 2016; Yan, 2016) and it is among our goals to
further this area of research by conducting analyses that examines several closely-related fields of business research. We
use citation flows to quantitatively study knowledge exchange. Knowledge flows into a field via outgoing citation links and
a field’s own knowledge is disseminated via incoming citations links (Fig. 1).

In addition to the consideration of knowledge exchange, existing research has attempted to obtain an objective measure
of disciplinarity and interdisciplinarity (Leydesdorff & Rafols, 2011; Rodriguez, 2017; Rafols & Meyer, 2010). Rafols and Meyer
(2010) suggested the use of diversity and network coherence to evaluate interdisciplinarity. Rodriguez (2017) proposed a
measure of disciplinarity based on entropy. Leydesdorff and Rafols (2011) considered three types of indicators in an attempt
to identify a robust measure of interdisciplinarity. While they did not find a single measure, they found that Shannon entropy,
as a measure of diversity, is a better measure than the Gini coefficient, despite its sensitivity to size. Our use of Shannon
entropy is the first in studying interdisciplinarity and diversity among these six business disciplines. Our results reveal that
pairs of disciplines vary greatly in their interdependency and diversity. The overall trend, however, seems to suggest that
all disciplines are converging to similar diversity in their knowledge exchange based on the Shannon entropy.

To further understand the drivers of interdisciplinary knowledge flow, we study the journal level factors associated with
knowledge diffusion in the six business disciplines. The journal level factors include the number of publications, number
of journals inside and outside of the field, journal classification, and an indicator of journal status—top-tier designation by
the University of Texas at Dallas. The UT Dallas Top 100 Business School Research Rankings2 is a ranking list of top higher-
education academic institutions, based on a widely-accepted list of “top-tier” business journals, created by UT Dallas. They
also include a database of publications and institution rankings based on the number of publications in these journals by
faculty at that institution. This list has become increasingly popular and is well-known throughout the business research
community, especially in the United States.

This paper joins the stream of empirical studies examining factors associated with knowledge exchange in business
research (e.g, Judge, Cable, Colbert, & Rynes, 2007; Mingers & Xu, 2010; Stremersch, Verniers, & Verhoef, 2007). Stremersch
et al., (2007) used a sample of five journals in marketing to investigate article-level citations and found that the number
of citations depends on the “who, what and how” elements of a particular article. Mingers and Xu (2010) investigated the
drivers of citations in a small sample of management science journals and found that citations are related to the journal
itself, status of the first author’s institution, length of the paper and number of references. Judge et al. (2007) found that
besides other article and author level factors, the single most important factor is the prestige of the journal as measured by
the average citation rate. Our paper emphasizes the journal level factors in affecting citations and the findings enrich our
understanding in this stream of research.

Moreover, by using the difference in difference identification strategy and the state of the art synthetic controls, we find
that the quality proxy—the top-tier journal status, had little impact on infield citations but positively affected the outfield
citations. This is likely due to the fact that the infield audience can more easily assess the quality of the cited work without
referring to a formal journal ranking system, whereas outfield scholars have a harder time assessing the quality of a journal
or article outside of their field and may  rely more on the publicized journal list. The results of this research contribute to

the conversations on the fundamental question of why scholars cite other publications. The seminal article by Baldi (1998)
argued that scholars cite articles because of their relevance rather than a signal of their social status, which sparked a
multitude of research and discussions in this field. Contrary to Baldi’s observations, some argued that citing is not purely

1 For example, it is common for scholars inside a discipline to translate ideas from outside the discipline, and then scholars within the discipline cite the
translated work, rather than citing the original source of the idea.

2 See the website http://jindal.utdallas.edu/the-utd-top-100-business-school-research-rankings/. We use UT Dallas ranking and UT Dallas top-tier des-
ignation interchangeably.

http://jindal.utdallas.edu/the-utd-top-100-business-school-research-rankings/
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Table  1
Data statistics for the six areas of research.

Citation window No. of journals No. of incoming citations % of citationsa

1997/1999 352 34,611 0.76%
2000/2002 382 44,059 0.77%
2003/2005 441 64,805 0.87%
2006/2008 500 103,346 1.23%
2009/2011 490 147,427 1.56%
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a % of citations: this column shows the percentage of citations received by business journals over the total number of citations of all journals in the
copus database.

ased on intellectual relevance. For example, Podolny (2001) argued that “potential exchange partners would rather enter
nto an exchange relation with a high-status rather than a low-status producer if only because high status is a signal of
uality (Podolny 2001; p. 41).” Other research suggests that by citing an article published in a high quality journal, the citing
rticle could potentially be signaling the quality of their work. Our results support the notion that scholars cite articles not
nly based on intellectual relevance but also status-seeking or quality signaling (Podolny 2001), especially when citing an
rticle outside of their own discipline, in which case the objective quality may  be harder to assess.

The rest of the paper is organized as follows. Section 2 describes the data, metrics, and quantitative models for investigating
nowledge flows. Section 3 presents the analytical results. Section 4 offers discussions and concludes the paper.

. Data and methodology

.1. Data

The data were obtained from the Elsevier Bibliometrics Research Program. The intermediary data file was  a journal-
o-journal citation matrix for all indexed journals and proceedings in Elsevier’s Scopus database with a two-year citation
indow (cited/citing years: 1997/1999, 2000/2002, 2003/2005, 2006/2008, and 2009/2011). The total numbers of journal-

o-journal citations are over 4 million. The journal-to-journal citation data were then aggregated at the discipline level
ccording to Elsevier’s All Science Journal Classification (ASJC) Codes. A journal is assigned into one or a few of the 307 minor
ubject areas. In this study, we focus on the analysis of the following six business related minor subject areas:

. Accounting

. Marketing

. Organizational Behavior and Management (OB/M) [comprises (1) Organizational Behavior and Human Resource Manage-
ment and (2) Strategy and Management]

. Finance

. Management Science and Operations Research (MS/OR)

. Management Information Systems (MIS) [comprises Information Systems Management and Management Information
Systems]

A journal may  be classified in multiple subject areas or fields. In such situations, a journal’s citations are counted in full
n every subject field that it is assigned into. This counting method is consistent with the way  we aggregate citations in our
rior work (Yan et al., 2013; Yan, 2016). We  count the citations as infield if the citing journal has the same classification
s the cited one. For example, if the cited journal is classified as both MIS  and Accounting, and the citing journal is either
lassified as an MIS  or Accounting journal, then the citation is counted as an infield citation but not as an outfield citation.

The number of journals and subject level citations for each citation window are shown in Table 1. In general, the number
f journals, the number of incoming citations and the percentage of citations among all subjects increase over the years. The
umber of journals dropped slightly in 2009, primarily due to modifications in the classifications of some journals.

.2. Knowledge exchange interdependencies

To examine the dynamic aspect of interdependencies in business research, we  study the citation links among the six
usiness fields. Knowledge interdependence is defined as:

Dk↔i = Dk→i = Di→k = Gik + Gki

G + G
,

ii kk

here Gik is the citation flow from i to k, Gki is the citation flow from k to i, Gii and Gkk are self-citations of fields i and k. The
lope of Dk→i is also calculated to reveal the interdependency dynamics.
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2.3. Interdisciplinarity and diversity

Knowledge carriers vary greatly in their ability to export and import knowledge: some are more permeable while others
are more self-dependent. In their research to obtain a numerical measure of interdisciplinarity, Leydesdorff and Rafols (2011)
found that Shannon entropy is a valid measure of interdisciplinarity. They identify that the strength of the Shannon diversity
measure stems from its ability to consider the reach of a journal. We use Shannon entropy (Lin, 1991; Leydesdorff & Rafols,
2011) to measure the knowledge diversity of the six business fields:

Hk = −
n∑

i=1

Gik + Gki∑n
j=1Gjk +

∑n
j=1Gkj

ln
Gik + Gki∑n

j=1Gjk + ∑n
j=1Gkj

,

where Hk is the Shannon entropy for field k, Gik is the citation flow from i to k, Gki is the citation flow from k to i,
Gik+Gki∑n

j=1
Gjk+

∑n

j=1
Gkj

is the proportion of citations between i and k over the total incoming and outgoing citations of k, and

n is the number of knowledge carriers (6 in this case).

2.4. Driving factors of knowledge flows

2.4.1. Model
The bibliometric knowledge exchange analyses were conducted at the discipline level. At the journal-level, we are inter-

ested in examining the factors (i.e., drivers) that contribute to the diffusion of knowledge. We  consider the factors associated
with total, within field (or in-field), and outside field citations. All citations are limited to the six business disciplines. We
also highlight the impact of quality, as approximated by inclusion on the UT Dallas top-tier journal list. The drivers that we
consider in our study include:

• Top-tier status3: This variable indicates whether the journal is listed on the UT Dallas top-tier journal list in a particular
year. This variable is of particular interest in this research because it serves as a formal measure of quality, beginning with
its publication in 2003. Appendix A includes a list of journals on the UT Dallas list. Using this measure, we  are able to
consider if citations increased after the publication of the top-tier journal list. In particular, we look at whether the total,
outfield, and infield citations increase significantly when compared to other journals that are not listed as top-tier.

• Number of articles published in the same journal: Journals tend to have self-citations. This motivates us to consider the
number of articles published in each of the sample journals. The more articles that are published in this journal, the more
citations they may  generate for the same journal.

• Number of journals within the same field: Journals tend to be cited by journals in the same field. Therefore, the more
journals that are published in the same field, the more citations they may  generate for the journals in the same field.

• Number of journals outside each field: Given that everything else the same, the more journals that exist outside of each
field, the more citations they may  generate.

• Number of classifications of the journal: Elsevier classifies some journals as belonging to a single discipline, and some as
belonging to multiple disciplines. Journals classified as multidisciplinary journals may  have more outside citations from
other disciplines or fields. The number of classifications in the sample range from 1 to 4. Since there are very few journals
that are classified to have more than two categories, we group the journals that have two or more categories as journals
having multiple classifications.

Due to the panel data structure of the data, we use a fixed effect specification to study the impact of the aforementioned
factors on citation changes. There are a few considerations of using fixed effect models. First, because fixed effect models
use the within journal variations, which removes the time constant factors, the estimation will not be biased by any time
invariant factors. Second, the effect of the top-tier journal list can be conveniently estimated using the fixed effect model in
that it can suitably implement the difference in difference identification strategy (Wooldridge 2012). Finally, Hausman tests
conducted on our sample suggest fixed effect models are preferred over random effect models. The fixed effect models are
specified as follows:
Yit = ˇ1 qualityit + ˇ2X it + �i + ıt + uit,

where Yit is the log-citations (total, within field or outside field) for journal i at time t; qualityit is a quality indicator (i.e. UTD
list status) variable for journal i in year t; Xit represents a vector of the aforementioned factors; � i is the journal-specific fixed
effect which is allowed to be arbitrarily correlated with any of the factors Xit and qualityit; ıt is the year fixed effect; and uit

3 Aside from the widely used UT Dallas list, an alternative list from Financial Times is also used in many business schools, especially international business
schools. We  did not include the analysis for the Financial Times list of journals because we  only have 27 out of the 45 journals in our sample, while the UT
Dallas list is near complete (23 out of 24). We also note that 21 out of the 23 journals on the UT Dallas list are also on the Financial Times list.
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Table  2
Knowledge flows measured by knowledge interdependency.

Dk↔i (2009/2011)

Accounting ↔ Finance 0.73
MS/OR ↔ MIS  0.42
OB/M ↔ MS/OR 0.26
Marketing ↔ OB/M 0.20
OB/M ↔ Finance 0.17
OB/M ↔ MIS  0.17
Marketing ↔ MIS  0.11
Accounting ↔ OB/M 0.11
Marketing ↔ MS/OR 0.10
Accounting ↔ MIS  0.09
Marketing ↔ Finance 0.06
Finance ↔ MIS  0.06
Finance ↔ MS/OR 0.04
Accounting ↔ MS/OR 0.02
Accounting ↔ Marketing 0.02
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s the error term. qualityit equals 1 for top-tier journals by UTD after 20014 and all 0′s for other journal-years. Coefficient
1 is the difference-in-difference estimate for the top-tier classification, ˇ2 is the vector of coefficients for the other control
ariables. To remove the linear time trend, we also add the linear time effect (time) in the model. We use robust standard
rrors to account for possible within journal heteroskedasticity and autocorrelations.

. Results

.1. Knowledge exchange in business research

First, we examine knowledge exchange between pairs of disciplines over time. Table 2 reports the knowledge flows
etween pairs of business disciplines using the 2009/2011 citation data, with the most dependent pairs ranked first. Two
airs, Accounting and Finance, and MS/OR and MIS, lead in the dependence flows, followed by the pairs of OB/M and MS/OR,
arketing and OB/M, and OB/M and Finance. The table also shows that, among the six disciplines in business research,
S/OR is the least dependent on Finance and Accounting.
To visualize knowledge exchange among the disciplines, we  decompose the two-way knowledge flows into two directions

nd represent the pairwise knowledge flows through a chord diagram (Fig. 2). The chord diagram is plotted with the combined
ata of all years, based on the observation that the knowledge exchange patterns are consistent across the years. The
nowledge exchange is represented by an arc whose width is proportional to the volume of citations. Arcs are color-coded
ased on the direction of citations: arcs have the same color with the field from which they originate. Self-citations are also

ncluded in this diagram and are represented by the “U”-shaped arcs that originate from and end in the same discipline.
We see in Fig. 2 that finance and accounting have the strongest connection and the most knowledge exchange. These two

elds are also the most established in terms of degree program offerings; for instance, each of the top 10 schools on the most
urrent UT Dallas North American rankings list has a specific department for finance and accounting. Marketing is also a
pecific department in each of the 10 schools. The additional three disciplines (i.e., MIS, MS/OR and OB/M) under consideration
ary departmentally from school-to-school. In addition, Marketing and OB/M are the most self-dependent because the two
elds’ knowledge flows are dominated by their self-citations (their self-citation rates within the six business disciplines are
.56 and 0.63, respectively), while the self-citation rates for other disciplines are smaller than 0.5.

In Lockett and McWilliams’ (2005) study, the authors found that management had a balance-of-trade deficit with eco-
omics, psychology, and sociology based on a journal citation analysis. In the current study, within the six business fields,
e did not find a noticeable trade deficit of management (OB/M) with others, as the incoming and outgoing citations took

imilar shares on the circle (the ratio of incoming and outgoing citations within the six business disciplines is 0.97). It is also
orth noting that there is no link between Accounting and Marketing or between MS/OR and Accounting in Fig. 2. This is

he result of chord diagrams that omitted links with very small weight (the abovementioned two  links made up less than

% of the weight of the link between Accounting and Finance). The result suggests that even within the business research
omain, some disciplines show a certain degree of distinctiveness and do not form strong ties with others in this umbrella
omain.
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Fig. 2. A chord diagram representation of knowledge flows within the six business fields. Arcs are color-coded based on the direction of citations. Arcs
have  the same color with the field from which they originate.
Fig. 3. Shannon entropy for the six business areas.

3.2. Interdisciplinarity and diversity
Diachronically, we use Fig. 3 to illustrate the Shannon entropy measure for disciplinary knowledge diversity. As shown
in Fig. 3, all fields seem to converge to a similar diversity level. This is the result of a decrease in Shannon entropy in MIS  and

4 the citations of the articles published in the year of 2003 will be counted after 2003, which is after the UTD top-tier effect. Thus the 2003 year should
be  coded as 1′s for the top-tier journal observations.
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Table  3
Summary statistics.

Variables Descriptions N Mean SD Min  Max

logcitett Log(Total Citations) 1342 1.246 0.511 0.301 2.833
Logciteout Log(Outside Citations) 1342 0.494 0.465 0 2.017
logcitein Log(In-field Citations) 1342 1.170 0.520 0 2.809
Utd  UT Dallas Top-Tier status 1342 0.0402 0.197 0 1
lnarticles Log(Article published in this journal) 1342 1.598 0.290 0 2.880
lognjout Log(Outside Journals) 1342 2.483 0.103 2.021 2.663
lognjin  Log(In-field Journals) 1342 1.170 0.520 0 2.809
class2  Number of journal classifications 1342 1.229 0.420 1 2

Table 4
Correlation matrix.

logcitett logciteout logcitein utd lnarticles lognjout lognjin class2

logcitett 1
logciteout 0.7163 1
logcitein 0.9778 0.5926 1
Utd 0.3769 0.3512 0.3701 1
lnarticles 0.4989 0.3804 0.4777 0.1004 1
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lognjout 0.0686 0.2026 0.0361 0.0982 0.1002 1
Lognjin 0.1356 −0.0277 0.1651 0.0214 0.0312 −0.6043 1
class2 0.1627 −0.0156 0.1851 0.0730 0.0597 −0.4036 0.4310 1

 slight increase in all other fields. While this may  suggest that all business fields are converging to be diverse in terms of
ross-disciplinary knowledge exchange, it could also be the result of the “Google Scholar effect” (Serenko & Dumay, 2015).
his effect suggests that scholars are increasingly dependent on Google Scholar to search for literature and as a keyword-
ased search engine, Google Scholar are likely to bring articles the match certain keywords from a variety of disciplines; thus
educing disciplinary boundaries. In the next section; we consider additional factors that may  influence knowledge flows
mong the six business disciplines.

.3. Factors impacting knowledge flows among disciplines

Since we are interested in exploring knowledge diffusion within the six business disciplines, we excluded journal citations
utside of the six disciplines. It is worth noting that new journals are added each year into the Scopus database. New journals
ypically have different citation patterns from the established ones, and thus we excluded those new journals and focus on
he journals that were consistently published in the years from 1997 to 2009, resulting in a total of 281 business journals and
342 journal-year observations (which accounted for close to 80% of all journal-year observations). Tables 3 and 4 give the
ames, descriptions, summary statistics and Pearson correlation matrix of the variables. We  note that the citation number

s added by 1, in case the citation number is zero to avoid taking the log of zeros. The results are robust if another small
onstant (0.1 for example) is added.

.3.1. Estimation results
Three separate fixed effect models were utilized to estimate how each of the aforementioned factors affect the three

ependent variables: log(total citations), log(outside citations), and log(infield citations). All log-transformations are 10
ased. The estimation results are presented in column (1)–(3) of Table 5. In general, the logged number of publications
ithin the same journal is highly correlated with all three types of citations.

To illustrate the effect of formalized journal quality (UT Dallas top-tier journal list) on knowledge flows, Fig. 4 presents the
verage citations of the top-tier journals and the non-top-tier journals before and after they were included on the UT Dallas
ournal list. There seems to be an increase in total, outside and in-field citations after the UT Dallas top-tier classification
esignation; however, this could be the effect of extraneous factors. As such, it is imperative to estimate the effect of top-tier
lassification on citation changes. To accomplish this, we  adopt a difference-in-difference strategy. That is, we estimate the
ifference in the before-after effect in the treatment group (top-tier journals) with the control group (non-top-tier journals).

The estimation results in Table 5 suggest that the top-tier journal status is significantly positive for the outfield citations
ut not the infield citations, nor the total citations. The coefficient of 0.076 translates into about 20% more citations for top-tier

ournals within the first two years of publication after UT Dallas classification. This finding is consistent with the notion that
cholars cite articles not only based on intellectual relevance but also based on status-seeking or quality signaling (Podolny
001). This effect is evident in an interdisciplinary setting when citing an article outside of its own  discipline, where the

bjective quality is harder to assess. Whereas infield audience can more easily assess the quality of the cited work without
eferring to a formal journal ranking system.

The organizational structure within business schools, grouping faculty by departments, may  also help explain the above
nding. Business research units are traditionally organized in departments of the same discipline, with some smaller
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Table 5
Fixed effect model estimates.

Citations

(1) (2) (3) (4) (5) (6)

log(Total) log(Outside) log(Infield) log(Total) log(Outside) log(Infield)

utd 0.005 0.076** 0.014 0.005 0.075** 0.014
(0.036) (0.034) (0.040) (0.036) (0.034) (0.040)

lnarticles 0.791*** 0.538*** 0.763*** 0.791*** 0.538*** 0.763***

(0.079) (0.064) (0.084) (0.079) (0.064) (0.084)
lognjout 0.440 2.344 0.618 0.282 1.391 0.169

(2.313) (2.286) (2.476) (0.764) (0.930) (0.839)
lognjin  −0.210 0.757 −0.240 −0.255 0.486 −0.368

(0.814) (0.772) (0.888) (0.397) (0.426) (0.460)
time  0.018 −0.019 0.015 0.023 −0.008 0.024

(0.036) (0.035) (0.039) (0.017) (0.019) (0.019)
utdpost1 −0.026 −0.051* −0.015

(0.021) (0.027) (0.023)
utdpost2 −0.032 0.041 −0.024

(0.067) (0.069) (0.074)
Constant −0.795 −7.559 −1.186 −0.329 −4.751* 0.138

(7.013) (6.766) (7.524) (2.273) (2.562) (2.549)

Observations 1342 1342 1342 1342 1342 1342
R-squared 0.425 0.270 0.368 0.425 0.270 0.368
Number of journals 281 281 281 281 281 281
Journal  FE Yes Yes Yes Yes Yes Yes
Year  FE Yes Yes Yes NO NO NO

Note: Robust standard errors in parentheses. All specifications fit a journal specific fixed effect model and R-squared is the within R squares. To remove
the  time trend, we  fit a linear time trend (time) in the model. The variable utdpost1 and utdpost2 are two dummy variables for one and two period after
the  top-tier classifications respectively. The coefficients capture the post-classification trend.

* p < 0.1.
** p < 0.05.

*** p < 0.01.

Fig. 4. Plot of average citations by top tier and non-top tier journals. The vertical line indicates the year of UT Dallas top-tier journal categorization.
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Table  6
Random effect model estimates.

Citations

log(Total) log(Outside) log(Infield)

class2 0.155*** 0.006 0.173***

(0.060) (0.054) (0.060)
utd  0.159*** 0.217*** 0.188***

(0.030) (0.037) (0.033)
lnarticles 0.746*** 0.524*** 0.713***

(0.066) (0.053) (0.070)
lognjout −0.761 0.609 −0.687

(0.750) (0.672) (0.766)
time  0.032*** 0.009 0.030**

(0.012) (0.011) (0.012)
Constant 1.917 −2.040 1.528

(2.308) (2.040) (2.355)

Observations 1342 1342 1342
Number of journals 281 281 281
Journal FE Yes Yes Yes
Year  FE Yes Yes Yes

Note: Robust standard errors in parentheses. Again, to remove the time trend, we fit a linear time trend (time) in the model.
*p  < 0.1.

** p < 0.05.
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*** p < 0.01.

isciplines grouped together. Different disciplines (and departments) may  be uncertain how reputable the journals from
ther disciplines are. The UT Dallas top-tier designation may  have signaled the quality of these journals to outside disci-
lines. Within each discipline, however, it is reasonable to believe that there should already be an informal understanding
egarding journal quality in the academic community. This may  explain why in-field citations do not change with this formal
ndicator of quality.

To investigate the possibility that a delay effect may  exist in the quality signal, such that the positive effect on citations
r knowledge flows will not manifest until a few years later, we present the post-classification trend effect for the top-tier
lassifications in column (4)–(6). The variable utdpost1 and utdpost2 are dummy  variables for one and two  periods after the
op-tier classifications, respectively. The two coefficients capture the post-classification trend, which is not significant in our
stimation. The coefficients are not significant at the conventional significance level, suggesting that there is no delay effect
n top- tier classification.

.3.2. Effect of multiple classifications
The independent variable class2 (number of journal classifications) is excluded from the fixed effect models because it is

ime invariant. To investigate if multiple classifications affect citations, we  fit a random effect model that can incorporate a
ime invariant classification variable. Table 6 shows that the number of classifications is positively associated with both total
itations and in-field citations, but not with outside citations. The results in the above random effect models are confirmed by

 cross-sectional analysis, where each regression is conducted year-by-year for the cross sectional journal-year observations.
ost of the coefficients are significant for total citations and in-field citations but not outside citations. Because we count the

itations as infield if the citing journal has one common field as the cited one, the significant effect of top tier classification
n outside citations in Table 6 may  be biased downwards by this counting rule. The actual effect of top tier classification on
utside citations may  be larger than estimated in Table 5.

.3.3. Robustness checks
To check the robustness of the analyses, we have conducted several analyses. First, because that the difference-in-

ifference strategy suffers from parallel assumptions, as a robustness check, we  use the state of the art synthetic controls.
ue to the limit of pages and clarity of the presentation, we have relegated the approach and the results in the appendix

Appendix B). The results show qualitatively consistent results as the difference-in-difference approach. Second, to remove
he leading factor of number of articles per journal, we scale the citations by the number of articles per journal. We  then use

 fixed effect model with average number of citations per article as the dependent variable (Appendix C). The results are still
ualitatively similar. Finally, we include new journals in addition to established journals (Appendix D). Again, the results are

ualitatively consistent. Notice that total and infield citations show significance at 10% level. This is due to the inclusion of
ewer journals which generally have lower citations. When compared to those newer journals, the top-tier journals effect

s inflated as a result.
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4. Conclusions and discussions

In this paper we studied journal citations among six business disciplines and reveal patterns of the knowledge flows,
interdependencies and interdisciplinarity of these six disciplines. Biehl et al. (2006) documented the relationships among
business disciplines using the Financial Times journal list and found that there is an increase in the integration of citation
networks over time. By including a broader range of journals, we observed a converging degree of interdisciplinarity among
the six disciplines over time based on the Shannon entropy measure. Based on the diversity measures, MIS  is the most
interdisciplinary. The results also suggest that even within the business research domain, some fields show a degree of
distinctiveness and do not form strong interdisciplinary ties. Finance and Accounting share the closest tie among all pairs of
disciplines. At the other extreme, the pairs of Accounting and Marketing or MS/OR and Accounting have the least knowledge
exchange.

We also studied the factors impacting the overall knowledge flows, as well as intra- and inter-disciplinary knowledge
flows. Besides the leading factors such as number of articles in the journal and the journal’s number classifications, the
quality proxy of UTD top-tier status seems to be significant in an interesting way. Formalized quality measures, such as
the top-tier ranking creates a diffusion effect outside of its own disciplines, possibly by increasing the awareness of the
journal quality. Within each discipline, it is reasonable to believe that there should already be an informal understanding
regarding journal quality or the scholars within the discipline can easily judge the quality of articles of a journal; however,
uncertainties may  exist outside of the discipline. The journal top-tier status may  serve to mitigate risks and uncertainties
about quality, leading to the diffusion effect of high-quality journals outside of their own discipline. The diffusion effect is
noticeably fast, as we did not observe any delay effect.

On the surface, our empirical findings that top-ranked, high-quality journals receive more outfield citations while infield
citations remain the same seems to contradict the conclusions of Rafols, Leydesdorff, O’Hare, Nightingale, and Stirling (2012).
They suggested that journal rankings may  suppress interdisciplinary research, based on their findings from a comparison
study of all publications from the researchers in three Innovation Studies units and three business school units in the U.K.
The two findings are seemingly different but not necessarily contradictory. Rafols et al. (2012) documented less diversity
in higher ranked journals list which is recognized by business schools, and they argue that the research assessment based
on such a list may  encourage more discipline focused research. Our message is that a top-ranked journal list signals their
unambiguous quality to outfield scholars, who cite more of these journals after such ranking, possibly due to a status-seeking
effect. In other words, our study does not make inferences on the diversity of top-ranked journals but states that increased
citations to top-ranked journals may  be partially due to their perceived status through such a ranking.

While their study is static in time, our study dynamically observes the change in journal status. Besides the time dimension,
there are a few other factors that may  also contribute to the differences. First, the approach of Rafols et al. (2012) is rather
descriptive and no causal inference methods are used whereas our study implemented several identification strategies in
studying the causal relationship of journal ranking effect. Second, the two studies vary significantly in the scope. Rafols
et al. (2012) limited their focus to the comparisons of all publications from the researchers in three Innovation Studies
units and three business school units in the U.K. Our study instead involved the entire business community by including all
publications in all six business disciplines. Third, despite of overlaps in the disciplines, the two studies included different
sets of disciplines. Rafols et al. (2012) included the disciplines that are most relevant to Innovation Studies while our study
includes the six business disciplines. The former included journals in psychology and economics while the latter largely
excluded those journals. Lastly, the UT Dallas list in our study mostly overlaps with the Rank 4* (World Elite) category in the
ABS list used in Rafols et al. (2012). The larger list of Rank 4 (Top in Field) and other lower ranked journals are also computed
in their outcome measures in Rafols et al. (2012), which may  further contribute to the differences of the two  studies.

While our research contributes to the discussions of why scholars cite other publications, future research would help us
better understand this issue by investigating at a finer granular level, such as article level analyses. For example, Azoulay
et al. (2013) used article level data and found that there is a status effect to the author of articles, namely there exists a
boost to the citations of old articles by new Howard Hughes Medical Institute (HHMI) Investigator, when compared with
similar scholars without this title. To further explore the event of UT Dallas top-tier journal designation, an article level data
on citations can more definitively identify the journal status effect, as opposed to the scholar status effect in Azoulay et al.
(2013).

Another area of future research is to build on our descriptive findings to make prescriptive claims about how specific
business fields should exchange more knowledge. In particular, the findings in our paper reveal that there are pairs of
disciplines scarcely exchange knowledge. For example, findings in Fig. 2 provide evidence for the claim that OB/M rarely
draws knowledge from accounting discipline, based on the observation that the links between the two  disciplines are
relatively weak. It may  be beneficial for scholars and practitioners alike to incorporate more insights from accounting to be
able to calculate and financially justify proposed interventions relating to employees. It may  also be valuable for accounting
scholars and practitioners to borrow knowledge from OB/M, in order to adjust for human behaviors and the corresponding
potential consequences that may  not be reflected in accounting numbers. Similar arguments can be made for the pairs of

Accounting and Marketing, and MS/OR and Accounting, both pairs shown in Fig. 2 with little links. This lack of knowledge
exchange presents an area of silo and deficiency, but also an opportunity for scholars to conduct future interdisciplinary
research to fill in these gaps.
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Our findings related to disciplinary dependence serve as an initial step in identifying the need for an increase in disci-
linary knowledge exchange in the six business disciplines. While it may  take time for our prescriptive claims to be realized

n practice, our research provides support for an already growing trend towards interdisciplinarity and cross-discipline
nowledge diffusion.
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ppendix A. List of UT Dallas top-tier journals in our study.

IS Quarterly: Management Information Systems
nformation Systems Research
eview of Financial Studies

ournal of Finance
ournal of Operations Management
cademy of Management Journal
cademy of Management Review
anagement Science
anufacturing and Service Operations Management
perations Research
rganization Science
roduction and Operations Management
ournal of Consumer Research
ournal of Marketing
ournal of Marketing Research
trategic Management Journal
arketing Science

ournal of Financial Economics
ournal of International Business Studies
NFORMS Journal on Computing
ccounting Review

ournal of Accounting and Economics
ournal of Accounting Research

Note: Administrative Science Quarterly is not available in our sample.

ppendix B. Analyses using Synthetic Controls.

In Section 3.2, the difference-in-difference approach is only valid under the parallel assumption that both outcomes in
he treated group and control group would follow the same trend in the absence of the event. One often uses the time trend
efore the intervention as a way to verify the parallel assumption. In Fig. 4, we  can see a slight upward trend for the top-tier

ournals before the classification. To address this issue, we follow the pioneering work of Abadie and Gardeazabal (2003)
nd adopt a novel matching method called synthetic control method. Abadie and Gardeazabal (2003) used this method

o estimate the effect of terrorist conflict in the Basque Country, by using a combination of other Spanish regions as a
ontrol group. The synthetic control method is very appealing because it provides a synthetic control group from a large
ool of potential controls, even if a single one of them is not suited for a control because of systematic differences with the
reated unit. Since its introduction, it has been used in estimating the effect of Proposition 99 or Tobacco control program
n California (Abadie, Diamond, & Hainmueller, 2010), in estimating the effect of Arizona’s 2007 Legal Arizona Workers Act
n the proportion of the state’s noncitizen Hispanics (Bohn, Lofstrom, & Raphael, 2014), among other applications.
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Table 7
Fixed effect model estimates using citations per article.

Citations per article

Log(Total) Log(Outside) Log(Infield) Log(Total) Log(Outside) Log(Infield)

utd 0.030 0.023** 0.028 0.030* 0.023** 0.029
(0.018) (0.010) (0.018) (0.018) (0.010) (0.018)

lognjout −0.245 0.189 −0.368 0.134 0.115 0.046
(0.696) (0.263) (0.702) (0.238) (0.104) (0.233)

lognjin −0.086 0.116 −0.139 0.021 0.095 −0.021
(0.209) (0.096) (0.209) (0.110) (0.058) (0.109)

time  0.010 −0.002 0.011 0.005 −0.001 0.005
(0.010) (0.004) (0.011) (0.005) (0.002) (0.005)

utdpost1 −0.009 −0.005 −0.006
(0.007) (0.003) (0.007)

utdpost2 −0.001 0.005 −0.003
(0.020) (0.008) (0.019)

Constant 0.909 −0.651 1.288 −0.208 −0.432 0.066
(2.028) (0.790) (2.042) (0.678) (0.304) (0.665)

Observations 1342 1342 1342 1342 1342 1342
R-squared 0.160 0.104 0.129 0.160 0.104 0.129
Number of journals 281 281 281 281 281 281
Journal  FE Yes Yes Yes Yes Yes Yes
Year  FE Yes Yes Yes NO NO NO

Note: Robust standard errors in parentheses. Again, to remove the time trend, we fit a linear time trend (time) in the model.

***p  < 0.01.

* p < 0.1.
** p < 0.05.

More specifically, we synthesize a control from a pool of candidate journals based on the yearly citations of the top-tier
journals before the classification. Suppose there are J available control journals,5 to construct a synthetic control sample for

a top-tier journal, a vector of weights W =
(

w1, . . .,  wJ

)’
, wj ≥ 0,

∑
wj = 1, j = 1, . . .,  J is to be determined. The weights are

chosen such that the synthetic top-tier journal would most closely resemble the actual top-tier journal before the top-tier
classification. Let X1 be a K × 1 vector of predictors for top-tier log-citations before classification and X0 be a K × J matrix
each of which contains the values of the predictors for the J possible control journals, and let V be a diagonal matrix with
nonnegative elements each of which representing the importance of the different predictors. Then the vector of weights is
chosen by solving the following constrained quadratic programming problem:

Minimize (X1 − X0W) ’V (X1 − X0W)

s.t.
∑

wj = 1

wj ≥ 0

Once the weights are determined, then the synthetic control after-treatment values can be constructed. Suppose
the T × J matrix of observed log-citations for the control group is Y0, then the constructed log-citations for synthetic
group is Y∗

1 = Y0W .  Also, suppose the treated group has T × 1 years of observation Y1, then a comparison of the differ-
ence of treatment group and the control group can be done before and after the event, [(Y1|post = 1) − (Y1|post = 0)] −[
Y∗

1|post = 1) − (Y∗
1|post = 0)

]
which is the difference in difference estimator,

One of the appealing features of this synthetic control method is that it not only can match the dependent variable but
also can match any possible important variables in predicting the outcome variable. For example, in this setting, to account
for the effect of multiple classifications (Table 7) on citation patterns, we  also closely match the number of classifications for
the control group. The following results are based on matching the log (per article citations) before the top-tier designation,
and number of multiple classifications.
Fig. 5 summarizes the results for the synthetic control methods and the difference-in-difference estimates. The total
citation and outside citations increased significantly after the top-tier classification, whereas the in-field citations did not.
The coefficient of 0.11 for the total citation means 30% more citations for the top-tiers journals after classification when
compared to non-top-tier journals. The coefficient of 0.05 for the outside citations means 12% more outside citations for the

5 In our implementation, to construct a pool of candidate controls for a top tier journal, we  use all non-top journals that belong to the same Elsevier
classifications. The candidate pool would include all non-top tier journals in multiple disciplines, the same as the top-tier journal, should it be classified
into  multiple Elsevier classifications. For example, the journal of Review of Financial Studies belongs to two disciplines: finance and accounting. We  use all
non-top journals from finance and accounting as our pool of controls for Review of Financial Studies.
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Fig. 5. Plot of average log (citations/article) for top-tier (solid line) journals and synthetic top-tier controls (dashed line). The year axis stands for the year
in  which the articles are published. 2003 is the year of UT Dallas top-tier journal classification. Therefore, citations per article on the year 2000 or 1997 are
closely matched. As suggested by our empirical results, we also match closely the number of disciplinary classifications. *** p < 0.01, ** p < 0.05, * p < 0.1.

Table 8
Fixed effect model estimates using all journal year observations.

(1) (2) (3) (4) (5) (6)

VARIABLES Log(Total) Log(Outside) Log(Infield) Log(Total) Log(Outside) Log(Infield)

utd 0.033* 0.021** 0.033* 0.034* 0.021** 0.033*

(0.018) (0.010) (0.018) (0.018) (0.010) (0.018)
lognjout −0.849 −0.018 −0.865 0.006 0.065 −0.056

(0.672) (0.234) (0.683) (0.231) (0.097) (0.229)
lognjin  −0.217 0.059 −0.241 0.030 0.083 −0.006

(0.199) (0.087) (0.198) (0.101) (0.052) (0.100)
time  0.019* 0.001 0.018* 0.007 −0.000 0.007

(0.010) (0.004) (0.010) (0.005) (0.002) (0.005)
utdpost1 −0.012* −0.005* −0.009

(0.007) (0.003) (0.007)
utdpost2 −0.014 −0.001 −0.014

(0.019) (0.008) (0.018)
Constant 2.592 −0.048 2.660 0.062 −0.293 0.267

(1.957) (0.706) (1.980) (0.648) (0.284) (0.640)

Observations 1724 1724 1724 1724 1724 1724
R-squared 0.148 0.088 0.120 0.146 0.088 0.118
Number of journal 442 442 442 442 442 442
Journal FE Yes Yes Yes Yes Yes Yes
Year  FE Yes Yes Yes NO NO NO

Robust standard errors in parentheses.
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**p < 0.01.
* p < 0.1.

** p < 0.05.

op-tiers journals after classification when compared to non-top-tier journals. This finding is consistent with the diff-in-diff
stimation for the outside citation patterns, but also in contrast with the findings in the diff-in-diff results in terms of the
otal citations.

ppendix C. Robustness checks using citations per article.

Journals may  increase the number of articles per issue or even increase the number of issues per year. Therefore, some
ay argue that the average number of citations per article is a better measure for measuring knowledge flow. We  use the

og-transformation of the number of citations per article as the dependent variable. Table 7 reports the regression results for
he three types of knowledge flows: log(total citations per article), log(outside citations per article), and log(infield citations
er article).

We observe qualitatively similar results. That is, the top-tier classification has a positive effect on the outside citations
f the top journals. Compared to lower quality journals, these journals receive 5% more citations (100.023 = 1.05) on average
ithin the first two years after the publication of the UT Dallas journal list.

ppendix D. Robustness checks using all journal year observations
In our analyses, we excluded new journals that appeared after 1997. As another robustness check, we included the full
ample of journals, which resulted in an unbalanced panel with a total of 1724 journal-year observations. Results in Table 8
how qualitatively the same results. That is, the logged number of article publications within the same journal is highly
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correlated with all three types of citations. The top-tier classifications effect is present only for outside citations when
controlling for other factors. Notice that total and infield citations show significance at 10% level. This is due to the inclusion
of newer journals which generally have lower citations. When compared with those newer journals, the top-tier journals
effect is inflated as a result.

References

Abadie, A., & Gardeazabal, J. (2003). The economic costs of conflict: a case study of the Basque Country. American Economic Review, 113–132.
Abadie, A., Diamond, A., & Hainmueller, J. (2010). Synthetic control methods for comparative case studies: Estimating the effect of California’s tobacco

control program. Journal of the American Statistical Association, 493–505.
Azoulay, P., Stuart, T., & Wang, Y. (2013). Matthew Effect: or fable? Management Science, 60(1), 92–109.
Baldi, S. (1998). Normative versus social constructivist processes in the allocation of citations: A network-analytic model. American Sociological Review,

63(6),  829–846.
Bhupatiraju, S., Nomaler, Ö, Triulzi, G., & Verspagen, B. (2012). Knowledge flows −Analyzing the core literature of innovation, entrepreneurship and

science and technology studies. Research Policy,  41(7), 1205–1218.
Biehl, M., Kim, H., & Wade, M.  (2006). Relationships among the academic business disciplines: A multi-method citation analysis. Omega,  34(4), 359–371.
Bohn, S., Lofstrom, M.,  & Raphael, S. (2014). Did the 2007 Legal Arizona Workers Act reduce the state’s unauthorized immigrant population? Review of

Economics and Statistics, 96(2), 258–269.
Judge, T., Cable, D., Colbert, A. E., & Rynes, S. L. (2007). What causes a management article to be cited-article, author or journal? Academy of Management

Journal,  50(3), 491–506.
Leydesdorff, L., & Rafols, I. (2011). Indicators of the interdisciplinarity of journals: Diversity, centrality and citations. Journal of Informetrics, 5(1), 87–100.
Lin, J. (1991). Divergence measures based on the Shannon entropy. IEEE Transactions on Information Theory, 37(1), 145–151.
Linderman, K., & Chandrasekaran, A. (2010). The scholarly exchange of knowledge in operations management. Journal of Operations Management, 28(4),

357–366.
Lockett, A., & McWilliams, A. (2005). The balance of trade between disciplines: Do we  effectively manage knowledge? Journal of Management Inquiry,

14(2),  139–150.
Mingers, J., & Xu, F. (2010). The drivers of citations in management science journals. European Journal of Operational Research, 205(2), 422–430.
Podolny, J. (2001). Networks as the Pipes and Prisms of the Market. American Journal of Sociology, 107(1), 33–60.
Rafols, I., & Meyer, M.  (2010). Diversity and network coherence as indicators of interdisciplinarity: Case studies in bionanoscience. Scientometrics,  82(2),

263–287.
Rafols, I., Leydesdorff, L., O’Hare, A., Nightingale, P., & Stirling, A. (2012). How journal rankings can suppress interdisciplinary research: A comparison

between Innovation Studies and Business & Management. Research Policy, 1262–1282.
Rodriguez, J. M.  (2017). Disciplinarity and interdisciplinarity in citation and reference dimensions: Knowledge importation and exportation taxonomy of

journals. Scientometrics,  110(2), 617–642.
Serenko, A., & Dumay, J. (2015). Citation classics published in Knowledge Management journals. Part II: Studying research trends and discovering the

Google Scholar Effect. Journal of Knowledge Management, 19(6), 1335–1355.
Stremersch, S., Verniers, I., & Verhoef, P. C. (2007). The quest for citations: Drivers of article impact. Journal of Marketing,  71,  171–193.
Wooldridge, J. (2012). Introductory econometrics: A modern approach. Cengage Learning.
Yan, E., & Yu, Q. (2016). Using path-based approaches to examine the dynamic structure of discipline-level citation networks: 1997–2011. Journal of the
Association for Information Science and Technology, 67(8), 1943–1955.
Yan, E., Ding, Y., Cronin, B., & Leydesdorff, L. (2013). A bird’s-eye view of scientific trading: Dependency relations among fields of science. Journal of

Informetrics,  249–264.
Yan, E. (2016). Disciplinary knowledge production and diffusion in science. Journal of the Association for Information Science & Technology, 67(9),

2223–2245.

http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0005
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0005
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0005
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0005
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0005
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0005
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0005
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0005
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0005
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0005
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0005
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0005
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0005
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0005
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0005
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0005
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0005
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0005
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0005
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0010
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0010
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0010
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0010
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0010
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0010
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0010
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0010
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0010
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0010
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0010
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0010
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0010
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0010
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0010
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0010
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0010
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0010
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0010
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0010
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0010
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0010
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0010
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0010
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0010
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0015
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0015
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0015
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0015
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0015
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0015
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0015
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0015
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0015
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0015
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0015
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0015
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0020
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0020
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0020
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0020
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0020
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0020
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0020
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0020
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0020
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0020
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0020
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0020
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0020
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0020
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0020
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0020
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0020
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0020
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0020
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0020
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0020
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0020
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0025
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0025
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0025
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0025
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0025
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0025
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0025
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0025
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0025
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0025
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0025
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0025
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0025
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0025
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0025
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0025
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0025
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0025
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0025
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0025
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0025
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0025
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0025
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0030
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0030
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0030
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0030
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0030
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0030
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0030
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0030
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0030
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0030
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0030
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0030
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0030
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0030
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0030
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0030
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0030
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0035
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0035
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0035
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0035
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0035
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0035
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0035
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0035
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0035
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0035
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0035
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0035
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0035
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0035
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0035
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0035
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0035
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0035
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0035
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0035
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0035
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0035
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0035
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0035
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0040
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0040
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0040
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0040
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0040
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0040
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0040
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0040
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0040
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0040
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0040
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0040
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0040
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0040
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0040
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0040
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0040
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0040
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0040
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0040
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0040
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0045
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0045
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0045
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0045
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0045
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0045
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0045
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0045
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0045
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0045
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0045
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0045
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0045
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0045
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0045
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0045
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0045
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0045
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0045
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0050
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0050
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0050
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0050
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0050
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0050
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0050
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0050
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0050
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0050
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0050
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0050
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0050
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0050
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0050
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0050
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0050
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0050
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0055
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0055
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0055
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0055
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0055
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0055
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0055
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0055
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0055
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0055
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0055
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0055
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0055
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0055
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0055
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0055
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0055
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0055
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0060
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0060
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0060
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0060
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0060
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0060
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0060
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0060
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0060
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0060
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0060
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0060
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0060
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0060
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0060
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0060
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0060
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0060
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0060
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0060
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0060
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0065
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0065
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0065
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0065
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0065
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0065
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0065
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0065
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0065
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0065
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0065
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0065
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0065
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0065
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0065
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0065
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0065
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0065
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0065
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0070
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0070
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0070
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0070
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0070
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0070
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0070
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0070
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0070
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0070
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0070
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0070
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0070
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0070
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0070
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0070
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0070
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0070
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0070
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0075
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0075
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0075
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0075
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0075
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0075
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0075
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0075
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0075
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0075
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0075
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0075
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0075
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0075
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0075
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0075
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0075
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0075
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0075
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0080
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0080
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0080
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0080
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0080
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0080
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0080
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0080
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0080
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0080
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0080
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0080
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0080
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0080
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0080
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0080
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0080
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0080
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0080
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0080
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0080
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0080
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0085
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0085
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0085
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0085
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0085
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0085
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0085
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0085
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0085
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0085
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0085
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0085
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0085
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0085
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0085
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0085
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0085
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0085
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0085
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0085
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0085
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0085
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0090
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0090
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0090
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0090
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0090
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0090
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0090
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0090
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0090
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0090
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0090
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0090
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0090
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0090
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0090
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0090
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0090
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0090
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0090
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0090
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0090
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0090
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0090
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0090
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0090
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0090
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0090
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0090
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0095
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0095
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0095
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0095
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0095
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0095
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0095
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0095
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0095
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0095
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0095
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0095
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0095
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0095
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0095
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0095
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0095
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0100
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0100
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0100
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0100
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0100
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0100
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0100
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0100
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0105
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0105
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0105
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0105
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0105
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0105
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0105
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0105
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0105
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0105
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0105
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0105
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0105
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0105
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0105
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0105
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0105
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0105
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0105
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0105
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0105
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0105
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0105
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0105
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0105
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0105
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0105
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0105
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0105
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0105
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0110
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0110
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0110
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0110
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0110
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0110
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0110
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0110
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0110
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0110
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0110
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0110
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0110
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0110
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0110
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0110
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0110
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0110
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0110
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0115
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0115
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0115
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0115
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0115
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0115
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0115
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0115
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0115
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0115
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0115
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0115
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0115
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0115
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0115
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0115
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0115
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0115
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0115
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0115
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0115
http://refhub.elsevier.com/S1751-1577(16)30345-5/sbref0115

	Disciplinary knowledge diffusion in business research
	1 Introduction
	2 Data and methodology
	2.1 Data
	2.2 Knowledge exchange interdependencies
	2.3 Interdisciplinarity and diversity
	2.4 Driving factors of knowledge flows
	2.4.1 Model


	3 Results
	3.1 Knowledge exchange in business research
	3.2 Interdisciplinarity and diversity
	3.3 Factors impacting knowledge flows among disciplines
	3.3.1 Estimation results
	3.3.2 Effect of multiple classifications
	3.3.3 Robustness checks


	4 Conclusions and discussions
	Author contributions
	Acknowledgements
	Appendix A List of UT Dallas top-tier journals in our study.
	Appendix B Analyses using Synthetic Controls.
	Appendix C Robustness checks using citations per article.
	Appendix D Robustness checks using all journal year observations
	References


