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Abstract

[Objective/Significance] This study reviews existing methods for identifying
sleeping beauty papers, systematically examines their respective advantages and
disadvantages, and proposes an improved identification approach that balances
accuracy with operational simplicity.

[Method /Process] Building upon the well-established Bep index identification
method, this research adopts its core principle of leveraging the “degree of dis-
persion” in citation curves for identification. By introducing the statistical
concept of “coefficient of variation” and applying it to differentiate among vari-
ous citation curve patterns, we propose the PCV index as a novel approach for
identifying sleeping beauty papers.

[Results/Conclusion] The empirical results demonstrate that the PCV index
enables relatively simple and accurate identification of sleeping beauty papers,
while exhibiting low dependence on total citation counts.
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Abstract: [Purpose/Significance] This paper reviews existing methods for iden-
tifying sleeping beauty papers, summarizes their respective strengths and weak-
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nesses, and proposes an improved identification method that balances accuracy
and operational simplicity. [Method/Process] Building upon the well-developed
Bep index identification method and drawing on its core concept of utilizing
the “dispersion degree” of citation curves, this study introduces the statisti-
cal concept of “coefficient of variation” to distinguish different types of citation
curves, thereby proposing the PCV index for identifying sleeping beauty papers.
[Result/Conclusion] The identification results demonstrate that the PCV index
can effectively and accurately identify sleeping beauty papers with relatively
low dependence on total citation counts.
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The lifecycle and aging patterns of scientific literature constitute an important
component of science communication research. Generally, papers are cited by
other works within a few years after publication, gradually reaching a citation
peak before declining until they are no longer cited [1]. However, scholars have
discovered a category of papers that receive few citations initially but experi-
ence a sudden surge after a dormant period. The metrologist A.F.J. van Raan
[2] termed these “sleeping beauties in science” and proposed three metrics—
sleeping duration, sleep depth, and awakening intensity—to characterize them,
after which this phenomenon became subject to quantitative and standardized
investigation.

The essence of the “sleeping beauty” phenomenon lies in its content representing
transformative or forward-looking research [3]. Identifying sleeping beauty pa-
pers helps improve scientific evaluation systems, encourages innovative research,
and furthers understanding of scientific information flow mechanisms while dis-
covering potential innovation points. This endows sleeping beauty papers with
significant research value and makes their identification an important research
topic in library and information science.

Existing identification methods can be categorized into three types [4]: (1) Curve
fitting methods, which use mathematical expressions or appropriate curve types
to fit the annual citation distribution of individual papers for identification [1, 5];
(2) Subjective indicator methods, which set indicators and manually determine
thresholds to judge whether a paper qualifies as a sleeping beauty [2, 6-7]; and
(3) Objective indicator methods, which use metric values to measure the degree
to which a paper can be considered a sleeping beauty, thereby eliminating the
arbitrariness of subjective threshold setting [8-15].

Previous surveys reveal that when identifying sleeping beauty papers within
specific disciplines, subjective indicator methods are used far more frequently
than other approaches due to their operational simplicity and speed. However,
they require artificial threshold setting, exhibit strong subjectivity, and often
lead to incomplete identification [10]. In contrast, objective indicator methods
and curve fitting methods avoid arbitrariness in defining identification standards
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and yield more accurate results, though their calculation processes are more
complex. Therefore, this study attempts to further explore sleeping beauty
identification methods that balance accuracy and operational simplicity.

2 Methodology

In recent years, identification methods for sleeping beauty papers have evolved
from subjective to objective indicators [16], and J. Li and F.Y. Ye [17] have
noted that threshold setting should be avoided when identifying sleeping beauty
papers. Against this backdrop, this paper draws on the concept of the Bep index
[12] to propose a new identification method.

2.1 Bcep Index

The Bep index (Formula 1) represents a mature objective identification method
developed through refinements of the B index [10] and SBc index [11]. As
illustrated in Figure 1 [Figure 1: see original paper], the reference line | connects
the point (0, C,) representing citations in the publication year to the point (t , 1)
where the cumulative percentage of annual citations reaches 1. In Formula (1),
(1-Cy)/t represents the slope of reference line I. For any t < t, the difference
between [ and C is calculated, and these differences are summed from t=0 to
t=t.

t’IIL
Bep = Z (1 ; & t+Cy— C’t> Formula (1)

t=0 m

The core concept of the Bep index identification method lies in calculating the
dispersion degree of citation curves. Sleeping beauty papers exhibit the key
characteristic of low initial citations followed by sudden high citations later, re-
sulting in high dispersion in their cumulative citation curves [18]. Therefore, this
study introduces the statistical concept of “coefficient of variation” to explore
different citation curve types and their dispersion degrees for sleeping beauty
identification.

2.2 Coefficient of Variation

The coefficient of variation (CV), also known as the relative standard deviation,
is a normalized measure of data distribution dispersion [19], defined as the ratio
of standard deviation to mean. The calculation formula is:

CV = % Formula (2)

where o represents standard deviation and represents mean.
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As a dimensionless quantity, the coefficient of variation eliminates differences
between numerical values at different scales during calculation, providing strong
comparability between data. This ensures that when constructing a citation
curve research framework, the simulated citation quantities set for different
curve types will not affect research results, allowing focus to remain on citation
curve morphology.

2.3 Coefficient of Variation for Different Citation Curves

Citation curves, also known as citation patterns, citation histories, or citation
lifecycles [1], graphically describe the temporal distribution of citation counts.
Numerous scholars have summarized citation curve types [1, 4, 20-25] (see Table
1).

Table 1 reveals that classification standards in relevant research emphasize dif-
ferent aspects. Some studies categorize citation curve types based on absolute
citation counts, while others distinguish curve morphology based on relative ci-
tation counts. Considering that sleeping beauty papers themselves are highly
cited [6, 26-29] and to comprehensively understand the dispersion degrees of dif-
ferent citation curve types, this study adopts the following research framework
after summarizing the citation curve types in Table 1: (1) Classic type: Papers
conforming to general literature aging patterns, accumulating most citations
early and reaching a citation peak, after which citations gradually decline; (2)
Flash-in-the-pan type: Papers that quickly reach a citation peak after publica-
tion, followed by rapid citation decline; (3) Exponential growth type: Papers
with continuously increasing annual citations after publication, also known as
genius papers, which are relatively rare [24]; (4) Sleeping beauty type: Papers
with low initial citations that surge after a dormant period, also called delayed
recognition type; (5) Multi-peak type: Papers with multiple peaks in citation
history, also known as fluctuating type.

After establishing the research framework, this study simulates the five citation
curves. Assuming five papers published in 2000 with 300 total citations by 2019,
annual citation curves (Figure 2 [Figure 2: see original paper]) and cumulative
citation curves (Figure 3 [Figure 3: see original paper]|) are drawn according
to each type’s characteristics, with their coefficients of variation calculated (see
Table 2 ).

The test results in Table 2 show that for annual citation curves, sleeping beauty
and flash-in-the-pan types exhibit higher CV values than other types. However,
flash-in-the-pan papers show significantly lower cumulative citation CV values.
For cumulative citation curves, both sleeping beauty and exponential growth
types have high CV values. This indicates that relying solely on one type of
citation curve CV may confuse sleeping beauty papers with exponential growth
or flash-in-the-pan papers. To identify sleeping beauty papers more accurately,
we must capture their characteristic of having high CV values for both curve
types. Therefore, this study uses the product of the two curve coefficients of
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variation to measure the degree to which a paper can be considered a sleeping
beauty, terming this metric the Product of Coeflicients of Variation index (PCV
index), calculated as:

PCV =CV, x CV, Formula (3)

early umulative

where CV__{yearly} represents the coefficient of variation for the annual citation
curve and CV__{cumulative} represents that for the cumulative citation curve.

3 Empirical Study
3.1 Data Source Selection

This study uses the Web of Science (WoS) Core Collection as its data source,
selecting papers with WoS category “Information Science & Library Science.”
To ensure a citation window of 15-25 years, publication years are limited to
1995-2004, with document type “Article,” yielding 23,913 papers.

Since sleeping beauty papers are themselves highly cited [1, 26-29], this provides
guidance for initial data screening. This study applies Price’s Law (Formula 4)
to identify highly cited papers [30]:

N =0.749 X \/N,,,.. Formula (4)

where N represents the minimum citation count for highly cited papers and
n_{max} represents the highest citation count in the collection. For 1995-2004,
the most cited paper in this field received 8,606 citations, yielding N = 80.29.
Ultimately, 1,098 papers with citation frequencies $ $81 were selected.

3.2 Identification Results

The citation data were processed and papers numbered using a combination of
the last two digits of publication year and the paper’s rank by citation count
within that year (e.g., 95-1 represents the most cited paper published in 1995).
PCV values were then calculated, with the distribution shown in Figure 4 [Figure
4: see original paper].

Figure 4 shows that the majority of papers have PCV values concentrated be-
tween 0.25 and 1.00, with a small portion below 0.25 or above 1.00. To validate
the proposed method and following previous research [5], the TOP10 papers by
PCV value were selected for further evaluation. Table 3 provides information
on these TOP10 papers.

3.3 Effectiveness Evaluation

3.3.1 Validity of the PCV Index To verify whether papers identified by the
PCV index exhibit sleeping beauty characteristics, validity testing is required.
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Current validity testing for sleeping beauty identification methods FBEE two
approaches: (1) citation curve effect analysis, and (2) comparison of identifica-
tion result overlap rates with other methods. This study examines both aspects
to test the PCV index method’s validity.

(1) Citation Curve Effect Analysis. Observing citation curve morphology
provides a simple and intuitive way to assess method validity. Figure 5 [Figure
5: see original paper| shows the citation curves for the TOP10 papers by PCV
value.

Examination of these curves reveals that papers ranked 1-6 and 8, 10 (IDs: 02-
99, 01-103, 02-61, 00-21, 99-22, 96-59, 01-123, 01-32) clearly demonstrate the
pattern of low initial citations followed by sudden high citations, with all eight
experiencing noticeable sleeping periods. Papers ranked 7 and 9 (IDs: 95-48,
99-35) show brief fluctuations during their sleeping periods, but their average
annual citations remain low due to small increases and short duration. Overall,
the TOP10 papers all exhibit fundamental sleeping beauty characteristics.

(2) Comparison of Identification Result Overlap Rates. Given the con-
ceptual similarity between PCV and Bcp indices, their identification results
were compared. Table 4 lists the TOP10 papers under both frameworks and
each paper’s ranking in the alternative framework.

Table 4 shows five overlapping papers between the two TOP10 lists, yielding a
50% overlap rate. Table 5 summarizes overlap rates from different identification
methods in previous studies.

As Table 5 indicates, overlap rates vary significantly across methods, ranging
from 0% to 75%. Scholars note this variation relates to method characteristics
and sleeping beauty curve morphology [16]. With a 50% overlap rate in the
TOP10 comparison, this study’s results are relatively high compared to previous
findings, suggesting the PCV index method is effective.

3.3.2 Differences Between PCV and Bcp Indices To further explore dif-
ferences between PCV and Bcp indices in identifying sleeping beauty papers,
the ten non-overlapping TOP10 papers from both frameworks were analyzed
using six metrics drawn from relevant studies [2, 12]: (1) Publication duration:
years from publication to 2019 (using 2019 as the cutoff since 2020 data re-
mains incomplete); (2) Total citations: cumulative citations through 2019; (3)
Average annual citations: ratio of total citations to publication duration; (4) Ci-
tation peak: maximum annual citation count; (5) Sleeping duration: years with
average annual citations between 0-2, following van Raan’s definition [2]; (6)
Awakening intensity: average annual citations in the four years after sleep ends.

Statistics are presented in Table 6 , with independent samples t-test results in
Table 7 .

The t-test results reveal significant differences between papers identified by PCV
and Bcp indices across publication duration, total citations, average annual ci-
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tations, and citation peak. Papers ranking higher by Bcp index exceed those
ranking higher by PCV index on all four metrics, indicating Bep index is more
sensitive to older, highly cited papers. In contrast, PCV index better identifies
younger sleeping beauty papers. Additionally, sleeping durations differ signif-
icantly: Bcp-identified papers average 4.40 years versus 12.40 years for PCV-
identified papers, suggesting PCV index identifies papers with more pronounced
“sleeping” characteristics. No significant difference appears in awakening inten-
sity.

In summary, the PCV index method serves as an effective complement to sleep-
ing beauty identification systems.

4 Conclusions and Discussion

This study reviewed existing sleeping beauty identification methods, summa-
rized their advantages and disadvantages, and proposed the PCV index to ex-
pand the identification methodology system. Drawing on the Bcp index’s core
concept of measuring citation curve dispersion, the PCV index considers both
annual and cumulative citation curves, further reducing dependence on total
citation counts. This enables more flexible identification of younger papers ex-
hibiting sleeping beauty characteristics. Comparison with Bep index results
also reveals that PCV-identified sleeping beauty papers have longer sleep dura-
tions. Moreover, PCV index calculation, based on the coefficient of variation, is
computationally simple. In conclusion, the PCV index represents an effective,
flexible, and easy-to-operate method for identifying sleeping beauty papers.

However, the PCV index method has limitations. First, as an objective indicator
method, it shares the common defect of being unable to absolutely demarcate
boundaries between sleeping beauty and other paper types [10]. Second, while
this study used highly cited papers as its data source, the coefficient of vari-
ation’s properties and effectiveness evaluation results both demonstrate PCV
index’s minimal dependence on total citation counts. Consequently, Bcp in-
dex identifies papers with higher total citations and greater impact. Future
research could address this by imposing stricter total citation thresholds during
data screening. Finally, this study raises additional questions requiring further
discussion.

4.1 Impact of Disciplinary Characteristics on Identification Effective-
ness

Using highly cited papers in library and information science as samples, this
study analyzed the TOP10 papers, whose PCV values range from 1.02 to 1.82—
relatively dispersed values. As values decrease, papers exhibit weaker “sleeping
beauty” characteristics. This phenomenon relates to sample characteristics: li-
brary and information science is not a field prone to top-tier sleeping beauty
papers, and the relatively short citation window may also affect identification
results. Furthermore, objective identification methods avoid numerical restric-
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tions on citations during specific periods to eliminate subjectivity in threshold
setting, but this also creates ambiguous boundaries between sleeping beauty and
other papers, necessitating artificial demarcation during screening. This study
selected TOP10 as its criterion, but whether this standard applies to other disci-
plines given disciplinary differences and variations in sleeping beauty prevalence
between humanities/social sciences and natural sciences requires verification.

4.2 Expanded Applications of Citation Curve Coefficients of Variation

Calculations for different citation curve types reveal that besides sleeping beauty
papers, other special paper types exhibit distinctive CV values. For example,
flash-in-the-pan papers have high initial citations that drop sharply, yielding
high annual citation CV values. However, due to technological replacement
or topic shifts, these papers are quickly forgotten [33], resulting in insufficient
later citation growth and early stabilization of total citations, ultimately pro-
ducing lower cumulative citation CV values. Future research could exploit these
characteristics for identification purposes.

4.3 Differences Between PCV and Bcp Indices

Given conceptual similarities between PCV and Bcep indices, this study com-
pared their identification overlap rates, achieving 50% overlap within the target
range. Referencing previous overlap rate comparisons, this value is relatively
high though slightly below expectations, warranting further investigation. Ex-
amining their calculations reveals that to avoid dependence on citation magni-
tude, Bep index converts the annual citation curve’s vertical axis to “cumulative
percentage of annual citations.” However, because its calculation involves sum-
ming distances from citation curve points to the reference line (see Formula
(1)), the method is more sensitive to older papers, partially explaining why Bcp-
identified papers have significantly longer publication durations. In contrast,
PCV index comprises two citation curve coefficients of variation, focusing on
“dispersion degree” and enabling identification of papers with more fluctuating
citation curves. In summary, the two methods share conceptual similarities but
exhibit objective differences.

4.4 Optimization of Sleeping Beauty Identification Methods

The identification methodology system continues expanding. However, differ-
ent methods’ various entry points and emphases, despite capturing sleeping
beauty papers’ basic characteristics, lead to persistent result variations. More-
over, scholars note that different stages of sleeping beauty citation curves are
influenced by different factors, making their morphology diverse and complex
[17]. Consequently, achieving perfect precision and recall is challenging. While
objective indicator methods have gradually replaced subjective methods as the
mainstream, practice reveals that artificial selection of TOPN boundaries re-
mains necessary, demonstrating the need to combine objective indicators with
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subjective judgment. Recent scholars have suggested combining existing meth-
ods to improve identification accuracy and comprehensiveness through mutual
constraint and supplementation [17], but how to select methods for combination
requires practical exploration based on each method’s characteristics. Addition-
ally, according to most scholars’ practical preferences and considering Moore’s
Law and Zipf’s Principle of Least Effort, method optimization should address
not only accuracy but also operational simplicity. Future research should at-
tempt to balance both aspects in sleeping beauty identification.
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Abstract: [Purpose/significance] This paper aims to review existing identifica-
tion methods of sleeping beauties in science, discuss strengths and weaknesses of
different kinds of methods, and put forward a brand-new method for identifying
sleeping papers. [Method/process] This study is based on the Bep index, which
is a well-developed and accurate method for identifying sleeping beauties in sci-
ence. Through referring to the core idea of using the “dispersion degree” of cita-
tion curve for identification, the concept of “coefficient of variation” in statistics
is introduced to the new method. Then the PCV index is proposed to identify
various citation curves, sleeping beauties in particular. [Result/conclusion] As
shown in the results, PCV index can effectively identify the sleeping beauties
literature. In addition, compared to the Bcp index, the new method has the
advantages of simplicity and accuracy, and further reduces the dependence on
the total number of citations.
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