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Abstract

[Purpose/Significance] To explore the stable time window of the disruptive in-
dex, analyze its disciplinary differences, reveal the relationship between the
stability of the disruptive index and the citation half-life as well as the stabil-
ity of citation frequency, and provide a time window reference for the rational
application of this index across various disciplines. [Method/Process] We re-
spectively calculate the stability of the disruptive index for 22 disciplines under
different citation time windows and obtain the time window required for the
disruptive index in each discipline to reach a stability of 0.8; we further ana-
lyze the relationship between the disruptive index and the citation half-life, as
well as between the disruptive index and the stable time window of citation
frequency. [Results/Conclusion] The time window required for the disruptive
index to reach a stability of 0.8 exhibits substantial disciplinary differences; at
the citation half-life, the stability of the disruptive index across all disciplines
reaches 0.8, suggesting that the citation half-life can be used as a reference time
window for calculating the disruptive index; both disciplinary characteristics
and indicator algorithms are important factors influencing the stability of the
disruptive index, and due to algorithmic effects, the disruptive index generally
reaches high stability later than citation frequency.
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Abstract:

[Purpose/Significance] This study explores the stable time window of the dis-
ruption index, analyzes its disciplinary differences, and reveals the relationship
between the stability of the disruption index and both citation half-life and
citation frequency stability, providing temporal reference for the appropriate
application of this index across disciplines. [Method/Process] We calculated
the stability of the disruption index for 22 disciplines under different citation
time windows to determine the time window required for each discipline’s dis-
ruption index to reach a stability level of 0.8. We then analyzed the relationship
between the disruption index and both citation half-life and citation frequency
stability. [Results/Conclusion] The time window required for the disruption in-
dex to achieve 0.8 stability varies significantly across disciplines. When reaching
citation half-life, the disruption index stability in all disciplines exceeds 0.8, sug-
gesting that citation half-life can serve as a reference time window for calculating
the disruption index. Both disciplinary characteristics and indicator algorithms
are important factors affecting the stability of the disruption index. Due to al-
gorithmic influences, the disruption index generally achieves high stability later
than citation frequency.

Keywords: Disruption index; Citation time window; Citation indicator; Sta-
bility; Disciplinary differences
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Research evaluation serves as a fundamental tool for managing and assessing
scientific activities, playing crucial roles in measuring performance, guiding de-
velopment, supporting decision-making, and providing diagnostic consultation
within the research management system. As noted by Price Medalist A. Raan,
citation-based evaluation holds substantial application value. However, prac-
tical experience reveals that citation indicators are significantly influenced by
citation time windows (hereinafter referred to as “time windows”). For stability,
longer time windows are preferable, whereas for timeliness, shorter windows are
desired. Therefore, selecting an appropriate time window represents a critical
research question in the application of citation indicators.

The disruption index is a relatively new metric for measuring originality, assess-
ing the disruptive nature of scientific achievements by evaluating their replace-
ment of existing research content or paradigms from the perspective of local
citation structures. As a citation indicator, the disruption index is also affected
by citation time windows. L. Bornmann was among the first to raise this issue,
but only examined four papers as case studies, lacking systematic investigation
into the time window problem and its disciplinary variations.

This study conducts exploratory research on the time window issue of the disrup-
tion index, analyzing its stability under different time windows and examining
its relationship with other citation time characteristics to better understand the
stability and temporal features of this metric and provide reference for time
window selection.
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1. Introduction to the Disruption Index

Since its proposal, the disruption index has attracted widespread attention from
scientists. It measures the originality of research papers by quantifying the
degree to which scientific outputs disrupt existing research content or paradigms.
The conceptual framework of the disruption index is illustrated in Figure 1
[Figure 1: see original paper].

In Figure 1, the black triangle represents the research output being evaluated,
termed the “focal paper.” The circular nodes are its references, while the square
nodes above represent citing papers. Based on different citation patterns to-
ward the focal paper and its references, citing papers are classified into three
categories: Type F (black, citing only the focal paper), Type B (dark gray,
citing both the focal paper and its references), and Type R (light gray, citing
only the focal paper’s references). These three types represent the disruptive,
developmental, and continuity characteristics of the focal paper’s relationship
to historical knowledge, respectively. The disruption index D is defined as the
probability difference between Type F and Type B citing papers, as shown in
Formula (1):

D= Np —Np
Np+ Ng+ Np

where N, Ng, and Np denote the numbers of the three types of citing papers,

respectively.

2. Research Status on Citation Time Windows

Previous studies have examined citation time windows for various indicators.
Researchers such as D. Walters, R. Costas, and J. Levitt investigated annual
citation patterns and cumulative citation frequencies over time, finding that
papers with different citation levels, disciplines, and document types exhibit
distinct citation patterns across time windows. L. Waltman and colleagues dis-
covered that evaluating papers requires at least a full-year time window, while
A. Nederhof found that longer time windows yield more reasonable conclusions
than shorter ones. R. Costas and G. Abramo analyzed time window selection
methods from individual researcher and institutional perspectives, revealing sig-
nificant impacts on evaluation results. However, A. Jonathan’s study based on
UK scientific data found strong correlations between early-stage (approximately
one year post-publication) and long-term citation frequencies, suggesting that
initial citations can predict long-term impact.

Other studies have focused more on selecting appropriate time windows. G.
Abramo et al. quantified the “sufficient” length of time windows and measured
errors introduced by shortening them. J. Wang calculated correlation coeffi-
cients between citation frequencies at various time windows and at 31 years,
finding that field normalization cannot improve accuracy lost through short
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time windows. X. Wang et al. used correlation coefficients between short-term
and long-term citations as weights to compare university rankings before and
after weighting the CNCI indicator, finding that weighting produced more rea-
sonable rankings. These studies precisely measured citation frequency stability
across time windows and their impact on research evaluation, demonstrating
that time window selection is crucial for valid assessment.

Beyond time windows, cited half-life is another commonly used indicator re-
flecting citation temporal characteristics. Research has shown that publication
country, publication cycle, language, journal impact factor, and total citations
all affect cited half-life. Studies by He Wen et al. and others have examined
relationships between impact factor and cited half-life, suggesting that these re-
lationships should be considered when constructing journal evaluation systems.

As a citation indicator, the disruption index’s stability is closely related to time
window length. However, since its calculation does not directly use citation
frequencies, its stable time window is more complex than that of citation counts.
Building on existing research, this study explores the stable time window of
the disruption index across disciplines, examines disciplinary differences, and
investigates its relationship with citation frequency stability and cited half-life.

3. Research Methods and Data
3.1 Research Methods

In scientometric research, post-stabilization citation frequencies are generally
considered representative of a paper’s long-term impact. Following existing
studies, we calculated the stable time window for the disruption index in each
discipline through three steps:

First, we assumed that a paper’s citations stabilize by year T (sufficiently long)
post-publication, treating T as the reference time window to calculate each
discipline’s disruption index, denoted as D,_r.

Second, we treated 1-year, 2-year, ..., (T-1)-year windows as test time windows,
calculating the disruption index for each, denoted as D,_;,D,_o, ..., D;_p_;.

Third, we calculated correlation coefficients between the reference time window
and each test time window, using these as stability measures for the correspond-
ing test windows, as shown in Table 1 .

Table 1. Principle for Calculating the Stable Time Window of the
Disruption Index

Reference Time Test Time Correlation Coefficient (i.e.,
Window Window Stability)
D,_p D,_, Corr,

D,_, Corry
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Reference Time Test Time Correlation Coefficient (i.e.,
Window Window Stability)
D, 14 Corrp_q

Based on these steps, we identified the shortest citation time window achiev-
ing the desired stability level as the minimum stable time window (hereinafter
referred to as “stable time window”).

Since the disruption index is a citation indicator, and both cited half-life and
citation frequency stable time windows are fundamental indicators reflecting
citation temporal characteristics, and given that the disruption index calculation
involves citation frequencies (N + Np represents citation count), this study
further examines the relationship between the disruption index and both cited
half-life and citation frequency to better understand its stability and temporal
features.

3.2 Data Sources

Using Web of Science as the sample database, we selected SCI papers published
in 1998 by the 20 most productive countries (including China, the United States,
the United Kingdom, Germany, etc.) as our analysis objects, retrieved on Octo-
ber 17, 2020. We used 1-year, 2-year, ..., 18-year windows as test time windows
for cumulative citation statistics, with 19 years as the reference time window
(treating total citations through 2017 as stable citations) to analyze the stable
time of the disruption index across disciplines. The sample comprised 396,000
papers with 17.17 million cumulative citations. Given disciplinary differences
in citation patterns, we analyzed variations in the stable time window across 22
ESI discipline categories.

4. Stable Time Windows of the Disruption Index Across
Disciplines

Based on the above data and methods, we obtained the stability of the disrup-
tion index across disciplines at different time windows, as shown in Figure 2
[Figure 2: see original paper].

Figure 2. Stability of the Disruption Index Across Disciplines at
Different Time Windows
Note: Legend names correspond to groups in Table 2

In correlation analysis, 0.8 is considered the threshold for strong correlation.
Following this convention, we adopted 0.8 as the standard for strong stability
of the disruption index. Figure 2 reveals that: (1) The time required to achieve
0.8 stability varies dramatically across disciplines. Visually, this variation war-
rants further analysis of its causes. (2) At the same time window, substantial
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differences exist between disciplines. For instance, at a 4-year window, some dis-
ciplines (e.g., Molecular Biology & Genetics) exceed 0.8 stability, while others
(e.g., Agriculture) remain below 0.7. Uniform application of a 4-year window
for the disruption index would thus introduce bias for certain disciplines, neces-
sitating discipline-specific time windows.

According to the time windows required to reach 0.8 stability, disciplines can be
roughly divided into seven groups (see Table 2 ). Molecular Biology & Genetics
requires only 2 years, while Agriculture needs 8 years.

Table 2. Time Windows Required for D to Reach 0.8 Stability Across
Disciplines

Group Disciplines Time Window (Stability = 0.8)

1 Molecular Biology 2
& Genetics

2 Computer Science

3 Clinical Medicine,
Space Science,
Biology &
Biochemistry,
Social Sciences,
Neuroscience,
Economics &
Business,
Immunology,
Microbiology

4 Physics, 5
Psychiatry

5 Chemistry, 6
Engineering,
Mathematics,
Environ-
ment /Ecology,
Geosciences

6 Pharmacology & 7
Toxicology, Plant
& Animal
Science, Materials
Science

7 Agriculture 8

=~ w
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5. Analysis of Factors Influencing Disruption Index Stabil-
ity Trends

Since the disruption index conceptually measures disruption through citing pa-
pers and their citation structure characteristics relative to the focal paper, this
section analyzes causes for stable time window variations from two perspectives:
changes in citation structure across time windows and mathematical operations.

From the citation structure perspective, the disruption index is affected by the
stability trends of Type F, Type B, and Type R citations. The relative quantities
of these three citation types directly impact disruption index stability. If these
three categories stabilize, the disruption index will also stabilize, with the latest-
stabilizing category ultimately determining the disruption index’s stable time.

Figure 3 [Figure 3: see original paper] illustrates stability trends for Ny, Np,
Npg, and the disruption index D across time windows, using Engineering, Clin-
ical Medicine, Computer Science, and Mathematics as examples. The figure
shows similar stability patterns across disciplines for the three citation types,
with Ny and Np exhibiting greater variation and primarily influencing disrup-
tion index stability, while N remains relatively stable across disciplines with
minimal impact. In summary, differences in citing literature stability trends
cause disciplinary variations in disruption index stable time windows.

Figure 3. Stability Trends of Type F, B, and R Citing Papers and D

On the other hand, the disruption index’s stabilization time is also influenced
by its calculation formula. The disruption index D is a function of Ny, Npg,
and Np, which exert secondary influence on stability through this function,
directly determining D’s stability across time windows. In Formula (2), citation
frequency has a linear relationship with N and Np:

C = Np+ Ny

Once these stabilize, citation frequency stabilizes. However, in Formula (1),
the disruption index has a non-linear relationship with N, Ng, and Ny, mak-
ing its stable time more complex. Nevertheless, even if the three components
haven’t stabilized, the disruption index can still achieve high stability if their
relationships remain consistent with those at the 19-year window.

Therefore, if the disruption index achieves high stability before citation fre-
quency, this represents a coincidence under the algorithm—a temporary stabil-
ity. Generally, for sustained stability, Np, Ng, and Ny must all stabilize.

Ultimately, disciplinary differences in disruption index stable time windows are
determined by research paradigms and citation practices, which manifest as
unique citation patterns affecting the stability trends of Np, Np, Ny, and
consequently D. These influences primarily appear through research duration,
review periods, and recognition delays. For instance, experimental disciplines
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in biomedicine require lengthy and complex experiments, directly affecting pub-
lication timing and thus the disruption index’s stable time window. Similarly,
verifying mathematical theorems may require extensive review time, while recog-
nition of focal papers also involves discipline-specific time lags, creating disci-
plinary variations in stable time windows.

6. Disruption Index Stability and Cited Half-Life

As a citation indicator, the disruption index is primarily affected by citation
patterns. For most papers, citations accumulate rapidly before reaching cited
half-life, then slow down and enter a decline phase. This raises the question:
when using the disruption index to measure long-term disruptive performance
at the cited half-life point, are the results stable and reliable? What stability
level can be achieved?

This study treats cumulative citations at the 19-year window as final citation
counts, with the publication year as year 1. The time required for cumula-
tive citations to reach 50% of final counts is defined as cited half-life. Table 3
illustrates this calculation method with examples.

Table 3. Illustration of Cited Half-Life Calculation

Paper 1998 1999 2000 2001 .. 2017 Half-Life
Paper 1 1 8 20 30 . 40 3.33
Paper 2 1 8 0.94

For Paper 1, cumulative citations reach half of the 2017 total between years 3
and 4, yielding a cited half-life of:

Paper 1 Half-Life — 3 4 200979 _ 445
20—9

Similarly, Paper 2’s half-life is 0.94 years. Disciplinary cited half-life is the
average of all papers’ half-lives in that discipline. Since half-lives aren’t nec-
essarily integers, we applied fractional calculations when determining corre-
sponding disruption index stability. For example, Space Science has a half-
life of 5.77 years, with disruption index stability values of 0.86 and 0.89 at
years 5 and 6, respectively, resulting in a stability of 0.88 at half-life (i.e.,
0.86 4+ (0.89 — 0.86) x (5.77 — 5)).

Figure 4. Disciplinary Cited Half-Life and Corresponding Disruption
Index Stability
Note: Dashed lines represent median values

Figure 4 [Figure 4: see original paper] shows that: (1) At cited half-life, all
disciplines achieve disruption index stability exceeding 0.8, with some surpassing

chinarxiv.org/items/chinaxiv-202304.00493 Machine Translation


https://chinarxiv.org/items/chinaxiv-202304.00493

ChinaRxiv [$X]

0.9 (e.g., Economics & Business at 0.92). (2) Many disciplines have similar half-
lives but vastly different disruption index stability levels. For instance, Physics
and Molecular Biology & Genetics both have half-lives around 5.5 years, but the
latter’s disruption index stability is significantly higher. This can be explained
by the differential stability of Np, Np, and Ny discussed in Section 5. Table
4 compares stability levels for these components in both disciplines, showing
Physics has lower stability for all three categories, particularly Ny, resulting in
lower D stability.

Table 4. Stability of Related Variables in Physics at 5-Year Window

Variable Stability

Np 0.75
Ng 0.82
Np 0.91
D 0.78

7. Relationship Between Disruption Index and Citation
Frequency Stable Time Windows

For most research papers, citation performance after publication allows estima-
tion of long-term relative citation impact, indirectly indicating paper quality.
Since both disruption index and citation frequency measure research quality but
reflect different dimensions (originality vs. academic impact), two key questions
arise: (1) Do these indicators require consistent time windows for assessment?
If not, how large are the differences? (2) Which indicator stabilizes first?

Using the same 19-year reference window, we calculated citation frequency sta-
bility across time windows. Figure 5 [Figure 5: see original paper] shows the rela-
tionship between the two indicators’ stability for four representative disciplines:
Economics & Business, Mathematics, Clinical Medicine, and Neuroscience, each
representing distinct patterns.

Figure 5. Stability Curves of Disruption Index and Citation Fre-
quency Across Time Windows

Note: D represents disruption index, C represents citation frequency (C =
Np+ Ng)

For question (1), Figure 5 shows significant differences in stability growth rates
across disciplines. The line Y=X serves as a reference: points above indicate
faster disruption index stabilization, while points below show faster citation
frequency stabilization. Adapting the Gini coefficient concept, we quantified
these differences by calculating the area S between the stability curve and the
Y=X line (Figure 6 [Figure 6: see original paper]). Positive S values indicate
faster disruption index stabilization overall.

Figure 6. Schematic of Stability Differences Between Indicators
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Table 5 presents these differences. Economics & Business, Computer Science,
Engineering, Social Sciences, Mathematics, Materials Science, and Environ-
ment /Ecology show faster disruption index stabilization, reflecting disciplinary
characteristics that affect N, N, and Np stability patterns.

Table 5. Stability Differences Between Disruption Index and Citation
Frequency Across Time Windows

Discipline S Value
Economics & Business 0.161
Computer Science 0.128
Mathematics 0.097
Engineering 0.042
Materials Science 0.021
Environment /Ecology 0.019
Physics -0.004
Chemistry -0.014
Clinical Medicine -0.023
Neuroscience -0.024

Molecular Biology & Genetics -0.032

For question (2), Figure 7 [Figure 7: see original paper| shows which indicator
reaches 0.8 stability first across 22 disciplines. Most disciplines show citation
frequency stabilizing first, while Computer Science and FEconomics & Business
show disruption index stabilizing first, and Engineering shows near-simultaneous
stabilization. The scattered distribution reflects substantial disciplinary differ-
ences.

Figure 7. Time Windows for Disruption Index and Citation Fre-
quency to Reach 0.8 Stability

Note: TC(0.8) = time for citation frequency to reach 0.8 stability; TD(0.8) =
time for disruption index to reach 0.8 stability

Fundamentally, these differences stem from disciplinary research paradigms and
nature, manifested through research duration, review periods, and recognition
delays. While seven disciplines showed faster initial disruption index stabiliza-
tion, only two ultimately achieved 0.8 stability first, because differential stabi-
lization patterns of N and Ng altered the relative growth rates over time.

8. Summary and Discussion

Using 1998 SCI papers as samples with 19 years as the stable reference window
and 1-18 years as test windows, we calculated disruption index stability across
22 disciplines. We found substantial disciplinary differences in time windows
required to achieve 0.8 stability (Table 2), which has important implications
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for the timeliness and stability of research evaluation and provides guidance for
time window selection in scientific activity studies.

We further revealed that at cited half-life, all disciplines achieve disruption in-
dex stability exceeding 0.8, suggesting cited half-life can serve as a practical
reference time window when discipline-specific stable time windows are unavail-
able. However, the relationship between disruption index stable time windows
and citation frequency stable time windows is complex. Seven disciplines showed
faster initial disruption index stabilization, but only two ultimately achieved 0.8
stability first. This demonstrates that citation frequency stable time windows
cannot be directly applied to the disruption index.

These disciplinary differences in stability ultimately arise from distinct research
paradigms and practices, manifested through research duration, review periods,
and recognition delays. While this study provides recommendations for using
the disruption index, some outliers (e.g., Computer Science, Economics & Busi-
ness) lack clear explanation, and whether national differences exist in disruption
index stable time windows requires further investigation.
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