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Abstract
The relationship between interdisciplinarity and citation impact is affected by many fac-
tors, and the citation time window is a crucial factor. Our study examines the effect of the 
citation time window on the relationship between interdisciplinarity and scientific impact. 
All journal articles published in 2006 in Web of Science (WoS) are considered. The rela-
tionship between interdisciplinarity and scientific impact is explored by conducting a year-
by-year negative binomial regression analysis with different interdisciplinarity indicators. 
Three diversity single-property indicators (namely variety, balance, and disparity) and 
three typical composite interdisciplinarity indicators (Rao-Stirling index (RS), Leinster–
Cobbold diversity indices (LCDiv), and DIV) are used in this study. The results show that 
evaluating the scientific impact of interdisciplinarity requires a sufficiently long citation 
time window. However, the length of the citation time window is different for different 
interdisciplinarity indicators. A 4-year citation time window is necessary when the variety 
indicator is used, whereas balance and disparity require at least 11-year and 13-year cita-
tion time windows, respectively. The citation time window is the same (at least 5 years) 
for the three composite interdisciplinarity indicators (RS, LCDiv, and DIV). The recom-
mended length of the citation time window is based only on this study and may be affected 
by the data set, regression model, and discipline classification system.

Keywords Interdisciplinarity · Citation time window · Indicators · Negative binomial 
regression

Introduction

Science is becoming more interdisciplinary, and interdisciplinary research has become 
a vital research mode in modern science (Larivière & Gingras, 2014; Porter & Rafols, 
2009). More importantly, interdisciplinary research is regarded as an important source of 
innovation and effective approaches to solving social problems. Therefore, it has attracted 
substantial attention in science research and national science policy. Data from the Web 
of Science (WoS (Science Citation Index (SCI)/Social Sciences Citation Index (SSCI)) 

 * Yanhui Song 
 syh687@163.com

Extended author information available on the last page of the article

http://orcid.org/0000-0002-5775-2516
http://orcid.org/0000-0003-2456-222X
http://crossmark.crossref.org/dialog/?doi=10.1007/s11192-022-04338-1&domain=pdf


2622 Scientometrics (2022) 127:2621–2642

1 3

demonstrates that the number of documents with titles including “interdisciplinar* or inter-
disciplinar*” has exceeded 10,000 records since 2003. The number of publications related 
to interdisciplinary research shows an increasing trend, indicating that interdisciplinary 
research has attracted increasing interest during the past 20 years. Furthermore, interdisci-
plinarity has been encouraged in science policy by creating multidisciplinary centers and 
funding interdisciplinary research projects, such as the National Academies Keck Futures 
Initiative (NAKFI) in the U.S. Recently, the National Natural Science Foundation of China 
also established an interdisciplinary department dedicated to the funding and development 
of interdisciplinary research.

Interdisciplinary research is often associated with innovation and breakthroughs. Many 
researchers have investigated the relationship between interdisciplinarity and scientific 
impact. Since the number of citations is a frequently used indicator of research quality, 
one may expect that interdisciplinary research is more highly cited than mono-disciplinary 
research. However, these studies did not provide universal results. The relationship between 
interdisciplinarity and citation impact is affected by many factors, such as the data source, 
discipline classification system, interdisciplinarity indicators, and citation time window 
(also citation period). Few studies focused on the effect of the citation time window on the 
scientific impact of interdisciplinarity. The effect of the citation time window on citation 
impact has been examined by some researchers (Clermont et  al., 2021; Dorta-Gonzalez 
& Dorta-Gonzalez, 2013; Schreiber, 2015; Wang, 2013). Since a citation delay occurs in 
interdisciplinary research (Ke et al., 2015, Wang et al. 2015), it is suggested that the evalu-
ation of interdisciplinary research needs longer citation time windows than mono-disci-
plinary research. In general, although these studies have found that the scientific impact 
of interdisciplinary research was affected by the citation time window, no studies have 
systematically explored the extent to which the citation time window affects the scientific 
impact of interdisciplinarity. Thus, our study tries to answer the following two questions:

(1) How long is the required citation time window for evaluating the effect of interdisci-
plinarity on scientific impact?

(2)  Does the required citation time window vary for different interdisciplinary indicators?

Related research

The measurement of interdisciplinarity

Interdisciplinary research is a complex knowledge system, and understanding and 
measuring interdisciplinarity is challenging. Current interdisciplinary research has 
focused on two perspectives: knowledge integration and intermediation (National 
Academies Committee on Facilitating Interdisciplinary Research 2005; Leydesdorff, 
2007; Porter et  al., 2007; Rafols & Meyer, 2010; Rafols et  al., 2012). From the per-
spective of knowledge integration, interdisciplinarity is regarded as the distribution 
of components (disciplines or subdisciplines) that have been linked or integrated in 
a body of research (as shown by a given output, such as the reference list) (Rafols 
et  al., 2012). In this sense, the concept of diversity, which is borrowed chiefly from 
ecology (biodiversity measures) and economics (concentration measures), is often 
used to measure interdisciplinarity. Understanding interdisciplinarity in terms of inter-
mediation was first proposed by Leydesdorff (2007). The network structure indicators 
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derived from social network analysis, such as betweenness centrality, can be used to 
measure this type of interdisciplinarity. Diversity is more widely used for evaluating 
interdisciplinary research, especially for evaluating the effect of interdisciplinarity 
on scientific impact. Therefore, our study focuses on diversity as a measurement of 
interdisciplinarity.

There is consensus that defining interdisciplinarity using diversity encompasses 
three features: variety, balance, and disparity (Rafols & Meyer, 2010; Stirling, 2007). 
In interdisciplinary research, variety is the number of disciplines or specialties, bal-
ance is the evenness of the distribution of disciplines or specialties, and disparity is 
the extent to which these disciplines or specialties are different from a cognitive point 
of view. Earlier attempts to measure interdisciplinarity based on diversity generally 
included only one or two aspects of diversity, namely variety or balance. These typical 
indicators include the citation outside category (COC) (Porter & Chubin, 1985), the 
proportion of interdisciplinary journals (Levitt & Thelwall, 2008; Morillo et al., 2001), 
the Shannon entropy measure (Adams et al., 2007), and the Simpson diversity measure 
(Chen et al., 2015). Mugabushaka et al. (2016) mentioned that interdisciplinarity based 
on diversity could be divided into three generations. The first generation of diversity 
measures is the distribution-sensitive measure, and typical examples are the Shannon 
entropy and Simpson index. The second generation includes the distribution and simi-
lar sensitive measures, and a common index in this group is the Rao-Stirling index 
(RS). The third generation of diversity measures can be regarded as “true diversity” 
measures, also known as the replication principle. In biodiversity research, the replica-
tion principle states that if you have two completely distinct communities (i.e., with-
out any overlap in the species), and each community has a diversity measure X, one 
would expect that combining the two communities would result in a community with a 
diversity measure 2X (Mugabushaka et al., 2016). The RS does not satisfy the replica-
tion principle, whereas the Hill numbers do. Leinster and Cobbold (2012) developed a 
measure that extended the Hill numbers to include the similarities/differences between 
species called the Leinster–Cobbold diversity indices (LCDiv). Theoretically, the 
LCDiv is more suitable for measuring interdisciplinarity than other measures (Zhang 
et  al., 2016). In addition, Leydesdorff (2018) argued that current diversity measure 
indices do not effectively integrate variety, balance, and disparity. In the event of “dual 
concept diversity,” the common measurement of diversity cannot distinguish between 
variety and balance. Therefore, Leydesdorff (2018) stated that the Gini coefficient is an 
ideal indicator for measuring balance. Furthermore, this study defines a new interdisci-
plinary indicator, DIV, that integrates the original variety, balance, and disparity indi-
cators, (Leydesdorff, 2018; Leydesdorff et al., 2019a, b; Leydesdorff et al., 2019a, b).

In addition, some indicators dedicated to measuring single diversity properties 
(variety, balance, disparity) were developed. Variety generally measures the number 
of disciplines involved. The Gini coefficient is considered an ideal indicator for meas-
uring balance (Leydesdorff, 2018; Leydesdorff et  al., 2019a, b). The most common 
indicator of disparity is the average dissimilarity between disciplines. However, other 
similar disparity measures have been used to evaluate interdisciplinary research. Lari-
vière et  al. (2015), and Klavans and Boyack (2012) used the coordinate distance in 
science mapping to describe disparity. In innovation studies, some studies used journal 
co-citation combinations in the reference list to define the papers’ novelty (Boyack & 
Klavans, 2014; Uzzi et al., 2013; Wang et al., 2017). The journal co-citation combina-
tion is a measure of disparity.
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Interdisciplinarity and scientific impact

The relationship between interdisciplinarity and scientific impact is a hot topic in inter-
disciplinary research. It has led to a large body of literature, but these studies have not 
reached universal results. Since the citation impact is generally considered a proxy of sci-
entific impact or research quality, most studies focused on the effect of interdisciplinarity 
on scientific impact by assessing the relationship between interdisciplinarity and citation 
impact. Some studies show that interdisciplinary research leads to higher citation impact, 
on average (Chen et al., 2015, 2021; Larivière et al., 2015; Levitt & Thelwall, 2009; Wang 
et al., 2015). Others show that interdisciplinarity has no significant effect—or even has a 
negative effect—on citation impact (Lariviere & Gingras, 2010; Levitt & Thelwall, 2008; 
Rafols et al., 2012; Rinia et al., 2002). Here, we review some typical studies from the per-
spectives of the interdisciplinarity indicators, diversity, impact, citation time window, and 
data samples (Table 1).

Table 1 shows that the citation time window is substantially different in these studies, 
ranging from 3 to 15  years. In these studies, only Wang et  al. (2015) used two citation 
time windows for the papers published in 2001 from WoS. The study implies that the cita-
tion time window affects the relationship between interdisciplinarity and scientific impact. 
However, this study does not systematically verify the extent to which the citation time 
window affects the scientific impact of interdisciplinarity. Although several other studies 
also used multiple citation time windows, different citation time windows correspond to 
publications published in different years (Adams et al., 2007; Larivière et al., 2015; Leahey 
et al., 2017). In other words, there is only one citation time window for the publications in 
the same year; thus, these studies could not reflect the effect of the citation time window on 
the scientific impact of interdisciplinarity.

Furthermore, the choice of the citation time window is also a topic of concern in 
research evaluation. Adams (2005) mentioned that a short citation time window might 
be helpful as a forward indicator of the long-term quality of research publications. Cler-
mont et al. (2021) suggested a citation period in which the trend of the citation rate could 
be detected early, and other extended periods did not necessarily provide any additional 
informative value. Most studies argue that a citation period of 3 years is suitable to predict 
long-term citations (Clermont et al., 2021; Glänzel et al., 2008; Wang, 2013). Due to the 
citation delay in interdisciplinary research, the effect of the length of the citation time win-
dow on the scientific impact of interdisciplinarity is worthy of further exploration.

Methodology

Data

The dataset used in this paper consists of journal articles published in 2006 (N = 979,908 
papers), including their references and citing papers (papers citing these journal articles 
published in 2006) (Fig. 1). The year 2006 is chosen because it is considered far enough 
in the past to serve as an accurate measure of the long-term scientific impact of the 
papers. These articles, their reference, and citing papers are indexed in the Clarivate Ana-
lytics WoS. The number of references is 19,476,103, and the number of citing papers is 
10,464,276. In our study, the citation period is 2006 to 2018. These citing papers produced 
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24,685,111 citations for papers published in 2006. A total of 877,498 papers in 2006 were 
cited at least once in the WoS between 2006 and 2018. There are 102,410 papers (10.5%) 
not cited in the WoS. To identify the disciplinary background of a paper, we use the same 
approach as Yegros-Yegros et al. (2015), i.e., we used a minimum of four references linked 
to a specialty or discipline for a paper. The threshold of four is subjectively chosen based 
on the researcher’s experience to remove papers with uncertain disciplinary backgrounds. 
In addition, the institutions and authors also have to be included in our analysis. Ultimately, 
702,545 papers met these conditions, and 27,003 (3.84%) papers in the final data sets were 
not cited between 2006 and 2018 in the WoS.

The scientific impact is evaluated by the number of citations (citation impact). The dis-
ciplinary classification of the journals used in this study is sourced from the U.S. National 
Science Foundation (NSF) because each journal is only categorized into a single discipline 
and specialty (i.e., subdiscipline). This classification includes 14 general disciplines that 
are further refined into 143 specialties. Our study investigates the variety, balance, and dis-
parity at the level of the specialties, following the example of “small interdisciplinarity” 
used by Rinia (2007).

Interdisciplinarity indicators

Several common interdisciplinarity indicators, including various aspects of interdiscipli-
narity (diversity) and composite indicators, are used in our analysis to compare the rela-
tionship between the citation impact of interdisciplinarity and citation time windows with 
different interdisciplinarity indicators. The different aspects of interdisciplinarity is meas-
ured using diversity single-property indicators, i.e., variety, balance, and disparity. The 
composite interdisciplinarity indicators in our study include RS (Rafols & Meyer, 2010; 
Stirling, 2007), LCDiv (Mugabushaka et al., 2016; Zhang et al., 2016), and DIV (Leydes-
dorff et al., 2019a, b). These indicators are selected because they are commonly used indi-
cators in current interdisciplinarity measurement.

(1) Aspects of diversity: Variety, balance, and disparity
  Variety refers to the number of disciplines involved in interdisciplinary research. 

Balance is typically measured by the Shannon evenness index (Rafols et al., 2012) 
and the Gini coefficient (Wang et al., 2015). We adopt the Gini index because Nijssen 
et al. (1998) proved mathematically that the Gini index is an ideal indicator of balance. 
Since the Gini coefficient is maximally diverse for Gini = 0 and fully homogeneous 
for Gini=1, we use 1-Gini (reverse Gini index, rGini) to measure balance. In addition, 
our study uses the average dissimilarity (Rafols et al., 2012; Wang et al., 2015; Yegros-
Yegros et al., 2015) between disciplines or specialties to measure disparity. Table 2 
lists the calculation formulas of these indicators.

Fig. 1  The articles published in 2006 and their reference and citing papers
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(2) Composite interdisciplinarity indicators: RS, LCDiv, and DIV
  The RS is currently the most commonly used interdisciplinary indicator. Compared 

with LCDiv and DIV, the RS was used earlier and integrates variety, balance, and 
disparity. It is widely used to measure the interdisciplinarity of articles, authors, and 
institutions (Leydesdorff et al., 2013, Leydesdorff et al., 2015, Moreno & Danowitz, 
2016; Cassi et al., 2017). The RS can be expressed as follows:

where pi is the proportion of references in specialty i, and dij is the dissimilarity 
between the NSF specialties i and j.

As mentioned above, some studies indicated that the RS does not meet the “true 
diversity” and “monotonicity of balance” requirements. The LCDiv, which is derived 
from biodiversity indicators, meets these two requirements (Leinster & Cobbold, 2012). 
The studies of Zhang et  al. (2016) and Mugabushaka et  al. (2016) have shown that 
LCDiv can measure interdisciplinarity. The LCDiv can be expressed as follows:

where sij is the cosine similarity between specialties i and j, and the meanings of i, j, and pi 
are the same as above. The q is a sensitivity parameter that controls the relative emphasis 
that the user wishes to place on common and rare elements. The LCDiv can easily be con-
verted from the RS or the Gini-Simpson index when q = 2. It is a suitable choice for q = 2 
in terms of interdisciplinarity measures. Therefore, we only consider the case q = 2, leading 
to:

RS =

n
∑

ij

pipjdij,

⎛

⎜

⎜

⎝

n
�

i

pi

�

n
�

j

sijpj

�q−1
⎞

⎟

⎟

⎠

1

1−q

(q ≠ 1,∞),

Table 2  Dimensions and indicators of interdisciplinarity (variety, balance, and disparity)

Dimension Indicators Description

Variety Number of referenced disciplines n
Balance Reverse Gini Coefficient (rGini) 1 −

∑

(2i−n−1)xi

n
∑

xi
 , where i is the index, 

xi is the number of references in 
the i-th NSF specialty, and the 
specialties are sorted by xi in 
nondecreasing order

Disparity The average dissimilarity between referenced 
disciplines

1

n(n−1)

∑

i≠j dij , where dij is the 
dissimilarity between the NSF 
specialty i and j, specifically, 
dij = 1 − sij,, where sij is the 
cosine similarity between the 
NSF specialty i and j based on 
their co-citation matrix
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The DIV is a new interdisciplinarity indicator proposed by Leydesdorff et al. (2019a, 
b), which determines the variety, balance, and disparity independently and then combines 
them. This index has overcome the “dual-concept diversity” problems of previous interdis-
ciplinary indicators. Although Rousseau (2019) and Leydesdorff et al., (2019a, b) proposed 
the new measure  DIV* based on DIV, our study used DIV because it combines variety, 
balance, and disparity in a clear manner. Variety, balance, and disparity are normalized to 
a range of 0 to 1. Since DIV tends to become very small because three terms in the range 
of zero to one are multiplied, we used the geometric mean of DIV ( DIV ) to represent DIV, 
The formual of DIV is as follows:

where n is the number of specialties in the paper’s references, N is the total number of 
classes, Gini is the Gini coefficient, and the meanings of i, j, and dij are the same as above.

The distribution of NSF specialties in the reference lists is used to compute the above 
interdisciplinarity indicators for any given paper. The reference lists of the publications 
reflect the potential integration of knowledge from different disciplines, a focus issue in 
relation to measuring interdisciplinarity (Wang & Schneider, 2020). References have been 
extensively used to measure interdisciplinarity (Boyack & Klavans, 2014; Tahamtan & 
Bornmann, 2018; Wang, 2016; Wang & Schneider, 2020). In addition to the distribution 
of NSF specialties in the reference list, a specialty similarity index or distance matrix is 
essential for interdisciplinarity measurement. Our study uses the co-citation relation to rep-
resent discipline similarity and construct a co-citation matrix sij between the NSF special-
ties according to the citing papers from the WoS in 2006. The cosine similarity is used to 
normalize the co-citation matrix. The formula is as follows:

where cik is the number of co-citations between specialty i and specialty k.

Statistical analysis

Citations are typically not normally distributed but have a skewed distribution (Seglen, 
1992). Furthermore, citation counts are integers. Poisson regression and negative bino-
mial regression are for count data (Fleming, 2001; Wang et al., 2017). Researchers often 
use Poisson models to analyze count data, but Poisson models assume that the mean and 
variance of the observed distribution are equal. Citation count data, like most count data, 
exhibit overdispersion, i.e., the variance is greater than the mean. Negative binomial regres-
sion can explicitly handle overdispersion by ensuring that the variance is greater than the 
mean. In addition, the difference in citations between disciplines is mainly caused by the 

1
∑n

ij
sijpipj

.

DIV = 3

√

(n∕N) ∗ (1 − Gini) ∗
∑

i≠j

dij∕[n ∗ (n − 1)],

si,j =

N
∑

k=1

ccikccjk

�

�

�

�

�

N
∑

k=1

cc2
ik

��

N
∑

k=1

cc2
jk

�

,
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difference in the number of references in the papers between disciplines. Since the number 
of references is one of the control variables in negative binomial regression analysis, our 
study uses the original citation instead of the category normalized citation impact (CNCI). 
The glm.nb() function (generalized linear models) in the R language is used to perform 
negative binomial regression analysis.

To answer our research questions, we analyze the relationship between interdisciplinar-
ity and citation impact by performing year-by-year negative binomial regression analysis 
for different interdisciplinarity indicators. Three diversity single-property indicators (vari-
ety, balance, and disparity) and three typical composite interdisciplinarity indicators (RS, 
LCDiv, DIV) are used in our study. A 13-year citation time window and six interdiscipli-
narity indicators are investigated; thus, we conduct 13 × 6 = 78 negative binomial regres-
sion analyses.

In addition to interdisciplinarity indicators, studies have shown that the number of cita-
tions in publications is affected by many factors, such as the number of authors, the number 
of institutions, and other factors (Bornmann et  al., 2014; Katz & Hicks, 1997; Peters & 
Vanraan, 1994; Tang, 2013; Vieira & Gomes, 2010). Therefore, we include the number 
of authors, the number of institutions, the number of countries, and the number of refer-
ences in the publication as control variables. Some studies have shown that these features 
are associated with the number of citations in the publications. In order to minimize the 
skew of the variable distribution, we used a natural logarithm transformation of the control 
variables.

Results

Correlation between interdisciplinarity indicators, control variables, and citations

Table 3 presents the correlation matrix for the variables used in this study. The table shows 
that the correlation coefficients between the citations and all other variables are relatively 
low. Except for balance (rGini) and disparity, the other variables have a positive relation-
ship with the citation count (Y18). There is a negative relationship between balance (rGini) 
and the citation count (Y18), and there is no significant relationship between disparity and 
the citation impact. The control variables (the number of authors, institutions, references, 
and countries) also have a positive relationship with the citation impact. Furthermore, the 
control variable lnref is strongly correlated with lnVariety; therefore, we need to test for 
multicollinearity in regression analysis. Figure 2 further presents the correlation between 
the interdisciplinarity indicators RS, LCDiv, and DIV. It is evident that the three interdisci-
plinarity indicators are strongly correlated, and the distribution is not normal. Table 4 pre-
sents the correlation coefficients between the six interdisciplinarity indicators and 13 cita-
tion time windows. Variety always has a positive relationship with the citations, whereas 
balance is always negatively correlated with the citations. In the beginning, the disparity 
has a negative correlation with the citations; however, it has an insignificant correlation 
with the citations after the 11th year. For the three composite interdisciplinarity indica-
tors, RS and LCDiv initially have negative correlations with citations, followed by posi-
tive correlations after the 4th year. In contrast, DIV always has a positive correlation with 
citations. The results indicate that the citation time window influences the scientific impact 
of interdisciplinarity. Therefore, we analyze the relationship between the citation time win-
dow and the scientific impact of interdisciplinarity using regression analysis.
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Citation time window and the scientific impact of interdisciplinarity

We created 13 citation time windows from 2006 to 2018 for the three diversity single-
property indicators and three composite interdisciplinarity indicators. Since the regression 
analyses use the same data set, it is meaningful to compare the regression coefficients of 
the same variable in different years. Since the control variable lnref has a strong correla-
tion with lnVariety (Table 3), we randomly select several regression procedures to check 
the multicollinearity using the variance inflation factor (VIF). The results show that the 
VIFs of all variables are less than 4, indicating no multicollinearity. Tables 5, 6, 7, and 
8 present the negative binomial regression analysis results for various interdisciplinarity 
indicators. Table 5 shows the relationship between the three aspects of diversity and the 
citation impact from 2006 to 2018. Variety has a negative effect on citations from 2006 to 
2008 but a positive effect starting in 2009. The regression coefficient increases year by year 
in the second year after the paper was published. Disparity initially has a negative effect on 
citations. The regression coefficient also increases year by year starting in the second year 
but does not show a significant positive effect on citations until the 11th year. Unlike dis-
parity and variety, balance (rGini) initially has a positive effect on citations, and the regres-
sion coefficient also decreases year by year. It is not until the 13th year that balance (rGini) 
shows an insignificant effect on citations. The results indicate that the scientific impact of 
interdisciplinarity is affected by the length of the citation time window. In other words, 
there is a citation delay in the scientific impact of interdisciplinarity.

Tables 6, 7, and 8 show the relationship between the three composite interdisciplinar-
ity indicators and the scientific impact of interdisciplinarity year by year from 2006 to 

Fig. 2  Correlation between RS, LCDiv, and DIV
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2018. The three interdisciplinarity indicators surprisingly show the same development 
trend. In the first 4 years after the papers were published, the interdisciplinarity shows 
a significant negative effect on citations. Interdisciplinarity shows a significant positive 
effect on citations starting in the 5th year. Furthermore, the regression coefficients show 
increasing trends. Although some studies observed that the RS is not a perfect indica-
tor for measuring interdisciplinarity theoretically, our results indicate that this indicator 
does not affect the research conclusion in terms of the scientific impact of interdiscipli-
nary research.

The results demonstrate that the relationship between interdisciplinarity and citation 
impact is affected by the length of the citation time window. In some studies, this effect is 
called the citation delay. The characteristics of interdisciplinary research likely cause the 
citation delay. It is well known that interdisciplinary research involves multiple disciplines, 
and different disciplines have different research paradigms. Most people specializing in a 
narrow discipline have difficulty understanding interdisciplinary publications; thus, they 
are less likely to be cited soon after they are published. A few years later, the intellectual 
value of these interdisciplinary publications is perceived by more and more scholars, and 
the article is cited more frequently.

The length of the citation time window differs for different interdisciplinarity indicators. 
For the variety indicator, the effect of interdisciplinarity on the citation impact becomes 
evident in the 4th year after publication. In contrast, for balance and disparity, the citation 
delay is more pronounced. For the disparity indicator, the effect of interdisciplinarity on 
the citation impact is not observed until the 11th year after publication, and for the balance 
indicator, the effect of interdisciplinarity on citation impact occurs in the 13th year or later. 
However, the three composite interdisciplinarity indicators show consistent results for the 
citation delay, i.e., the effect of interdisciplinarity on the citation impact is observed in the 
5th year after publication. The results indicate that a sufficiently long citation time win-
dow is required to analyze the effect of interdisciplinarity on scientific impact. In addition, 
different interdisciplinarity indicators, especially variety, balance, and disparity, result in 
different citation time windows. Furthermore, there are some differences in the correlation 
analysis and regression analysis results for the six interdisciplinary indicators and citation 
time windows. Correlation analysis only considers the relationship between any two vari-
ables, whereas regression analysis considers the effect of multiple factors and their inter-
relationships. Therefore, the results of the regression analysis are more meaningful.

Conclusion and discussion

The scientific impact of interdisciplinarity may be affected by multiple factors, such as the 
data source, classification system, interdisciplinarity indicator, and citation time window. 
The interdisciplinary indicator and citation time window may be the two most important 
factors. Therefore, this study considered different interdisciplinarity indicators for evalu-
ating the effect of the citation time window on the scientific impact of interdisciplinar-
ity. Three diversity single-property indicators (variety, balance, and disparity) and three 
typical composite interdisciplinarity indicators (RS, LCDiv, DIV) were used. The results 
show that the citation time window substantially affects the scientific impact of interdis-
ciplinary research. It may even change the results, i.e., the effect of interdisciplinarity on 
scientific impact, explaining the inconsistent conclusions of studies on the effect of inter-
disciplinarity on scientific impact. Furthermore, the effect of the citation time window on 
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the scientific impact of interdisciplinarity was different for the different diversity indicators 
(variety, balance, and disparity). The citation delay was much longer for balance and dis-
parity (a citation time window of at least 11 years and 13 years, respectively) than for vari-
ety (a citation time window of at least 4 years). For the three composite interdisciplinarity 
indicators RS, LCDiv, and DIV, the citation time window was the same (at least 5 years). 
This recommended length of the citation time window is based only on the results of this 
study. It may also be affected by the data set, regression model, and discipline classification 
system.

Clermont et al. (2021) found that the validity of citation indicators increased over time. 
Therefore, it is possible that the longer the citation time window, the stronger the con-
nection between the citation impact and interdisciplinarity is. Our study also shows that 
the effect of interdisciplinarity on scientific impact becomes more evident and stable over 
time. Compared to previous studies, our study systematically analyzed the effect of the 
citation time window on the relationship between interdisciplinarity and scientific impact 
using negative binomial regression analysis and controlling the influencing factors. More 
importantly, our study reveals the required length of the citation time window for analyzing 
the effect of interdisciplinarity on scientific impact and explores whether the length of the 
citation time windows varies for different interdisciplinary indicators.

The RS is the most commonly used interdisciplinarity indicator among the three 
composite indicators, but some studies have pointed out that it had some shortcomings. 
Zhang et al. (2016) and Mugabushaka et al. (2016) observed that the RS did not satisfy 
the requirement of “true diversity,” especially the replication principle. Rousseau (2018) 
also showed that the RS did not meet the ceteris paribus monotonicity requirement, which 
states that for a given variety and disparity, the diversity increases monotonically with the 
balance. In addition, Leydesdorff et al., (2019a, b) stated a "dual concept diversity" prob-
lem in RS. The LCDiv and DIV are improved indicators to overcome the above shortcom-
ings. Although DIV and LCDiv may be more reasonable than the RS from a mathematical 
point of view, in general, the RS does not affect the conclusions on the scientific impact of 
interdisciplinarity. Therefore, for large-scale data, it is not necessary to determine which of 
the three interdisciplinary indicators is more suitable for interdisciplinary research.

Wang et al. (2015) used 3-year and 13-year citation time windows. Our study also eval-
uated the 3-year and 13-year citation time windows, allowing us to compare our study with 
theirs. For the 3-year citation time window, Wang et al. (2015) found that variety and dis-
parity had a negative effect on citation impact, and balance had no insignificant effect on 
citation impact. Our study showed that variety and disparity had a negative effect on cita-
tion impact, and balance had a positive effect on citation impact. Therefore, the results on 
the effects of balance on citation impact are inconsistent for the two studies. Furthermore, 
for the 13-year citation time window, Wang et al. (2015) showed that variety and dispar-
ity had a positive effect, and balance had a negative effect on citation impact. Our study 
shows that variety and disparity are positively correlated with citation impact, whereas bal-
ance (rGini) is not significantly associated with citation impact. In general, both studies 
show inconsistencies in the relationship between balance and citation impact for 3-year and 
13-year citation time windows. However, in our research, balance has a negative effect on 
citation impact according to the trend of the annual regression results. In addition, since 
our study uses different regression models and control variables, it is acceptable that there 
are slight differences in the conclusions.
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