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Abstract

[Purpose/Significance] To investigate the influence of different disciplinary clas-
sification schemes on the effectiveness of field normalization methods and to com-
pare the performance of various normalization approaches. [Method/Process]
Under the Web of Science disciplinary classification scheme, a comparative
study was conducted on the effectiveness of three commonly used normalization
methods: the mean-ratio method, median-ratio method, and Z-score method.
By varying the granularity of disciplinary classification schemes, an empirical
test was performed on the sensitivity of these three normalization methods un-
der the Essential Science Indicators (ESI) and Organisation for Economic Co-
operation and Development (OECD) disciplinary classification schemes. [Re-
sults/Conclusion] The results demonstrate that employing different disciplinary
classification schemes did not substantially affect the effectiveness of the normal-
ization methods, with their performance remaining essentially stable. From the
perspective of CCDF citation distribution curves, the shapes of CCDF curves
processed by the three normalization methods were significantly more compact
compared to those of the original citation CCDF curves, and the citation distri-
bution patterns remained largely similar across the three methods after chang-
ing disciplinary classification schemes of different granularities. Further quan-
titative examination using the top z% method reveals that the effects of the
three normalization methods remained essentially unchanged after altering dis-
ciplinary classification schemes of different granularities, exhibiting the following
patterns: when selecting papers below the global top 30%, the normalization
effects of the mean-ratio method and Z-score method, though slightly different,
both outperformed the median-ratio method; when selecting papers in the top
30%-40% range, the Z-score method demonstrated more prominent advantages;
when selecting papers above the top 40%, the median-ratio method exhibited
significantly superior performance compared to the other two methods.
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Abstract: [Purpose/Significance] This study investigates the impact of
different discipline classification schemes on field normalization method ef-
fects and compares the effectiveness of various field normalization methods.
[Method/Process] Under the Web of Science classification scheme, we com-
pared three commonly used normalization methods: the mean-based method,
median-based method, and Z-score method. We then altered the granularity
of discipline classification schemes to empirically test the sensitivity of these
three methods under the Essential Science Indicators (ESI) and Organization
for Economic Co-operation and Development (OECD) classification schemes.
[Results/Conclusion] Results show that using different discipline classification
schemes does not substantially affect the effectiveness of the normalization
methods; their effects remain essentially unchanged. From the CCDF citation
distribution curves, the shapes of curves processed by the three normaliza-
tion methods are significantly more convergent than the original citation
distribution curves, and the citation distributions remain largely similar after
changing classification schemes. Combining this with quantitative examination
using the top-z% method reveals that the effects of the three normalization
methods remain basically unchanged across different classification granularities,
following a clear pattern: when selecting papers below the global top 30%, both
the mean-based and Z-score methods outperform the median method, though
with slight differences between them; in the top 30%-40% range, the Z-score
method shows notable advantages; and above top 40%, the median method
demonstrates significantly superior performance compared to the other two.

Keywords: discipline classification scheme; field normalization; normalization
effect; citation distribution

Citation counts are a crucial metric for measuring research impact. However,
due to differences in citation practices and evolutionary patterns across disci-
plinary fields, raw citation counts cannot be directly compared across disciplines.
For instance, biomedical fields experience rapid paper turnover and high pub-
lication volumes, resulting in higher citation counts, whereas mathematics and
geology have longer research cycles and require more time to reach peak citation
levels. To eliminate these disciplinary differences and enable fair evaluation of
research impact across fields, scholars typically employ field normalization meth-
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ods to mathematically transform citation counts, producing standardized scores
that approximate a common distribution for cross-disciplinary comparison.

Numerous normalization methods have been proposed based on different theo-
retical foundations, including the mean-based method, median-based method,
Z-score method, percentile method, citing-side normalization method, reverse
engineering method, and commutative-based normalization method. However,
most of these were developed based on subjective experience and intuition, leav-
ing room for improvement toward the ideal state where normalized citation
distributions become approximately identical across fields. Consequently, mea-
suring and comparing normalization method effectiveness remains an active
research area. Some scholars argue that since citation distributions are skewed,
the median better represents central tendency than the mean, suggesting the me-
dian method outperforms the mean method. L. Bornmann et al. advocate using
distribution position rather than simple parameters for evaluation, proposing
percentile methods for research impact assessment. Zhang Zhihui et al. com-
pared mean-based and Z-score methods, finding Z-score advantages in distri-
bution tails but inferior performance in other regions, particularly low-citation
portions, leading them to propose an optimal linear normalization method. Nev-
ertheless, no consensus exists on which method best serves scientific research
evaluation.

Normalization effectiveness also depends on various latent factors, particularly
the specific discipline classification scheme employed. Discipline classification
itself is complex, with different countries, regions, and databases maintaining
distinct systems. The Centre for Science and Technology Studies (CWTS) at
Leiden University uses Journal Citation Reports (JCR) subject categories as
reference standards for citation normalization in its Crown Indicator. Clarivate’
s Essential Science Indicators (ESI) database divides research into 22 fields and
provides statistical analysis and ranking at national, institutional, journal, and
author levels. These journal-based classification schemes have limitations, as
interdisciplinary journals may be assigned to single categories. For example,
Computers € Mathematics with Applications is classified under both “Math-
ematics, Applied” and “Computer Science, Interdisciplinary Applications” in
Web of Science but assigned solely to “Mathematics” in ESI. Leydesdorff and
Bornmann further note that Web of Science categories were developed for in-
formation retrieval rather than citation analysis, containing substantial overlap
and inadequately handling interdisciplinary journals.

Some scholars have constructed custom classification systems. J. Ruiz-Castillo
and L. Waltman developed a paper-level system with 5,119 research fields, while
C. Collianer et al. proposed an “Item-oriented Approach” that extracts nouns
and adjectives from titles and abstracts, lemmatizes them, and compares perfor-
mance with algorithmically constructed clustering systems. However, in prac-
tical research evaluation, papers may be assigned to different fields depending
on the classification scheme, potentially affecting normalization effectiveness.
Studies have examined this sensitivity: M. Zitt et al. investigated how different
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granularity levels affect the mean-based method, finding it sensitive to field gran-
ularity. J. Adams et al. validated these findings using UK research institutions,
while W. Glénzel et al. analyzed European universities and proposed that 60
fields represent an optimal granularity for institutional evaluation. A. Perianes-
Rodriguez and J. Ruiz-Castillo further suggested that higher-granularity classifi-
cation systems generally exhibit better normalization performance, though these
studies focused only on the mean-based method, lacking systematic comparison
of multiple approaches.

This study addresses two research questions: (1) Under the widely used Web of
Science classification scheme, systematically compare the effectiveness of mean-
based, median-based, and Z-score methods, summarizing their citation distri-
bution characteristics and relative performance; (2) By varying classification
scheme granularity, test the sensitivity of these three methods under ESI and
OECD schemes to explore how different classification systems influence nor-
malization effects. This investigation ensures fair and accurate comparison of
normalization effects, promotes method maturation, and enriches normalization
research. Particularly under China’ s “Double First-Class” university initiative,
selecting appropriate classification schemes and normalization methods forms
the foundation for effective research evaluation, enabling objective assessment
of Chinese universities’ research impact and their gap with world-class institu-
tions.

2. Data and Methods

This study obtains citation data from the InCites database under three clas-
sification schemes—Web of Science, ESI, and OECD—and applies mean-based,
median-based, and Z-score normalization methods. By comparing effectiveness
across schemes, we examine relationships between classification systems and nor-
malization outcomes, analyze reasons for different effects, and summarize usage
patterns. The research design is illustrated in Figure 1 [Figure 1: see original

paper].

2.1 Selection of Discipline Classification Schemes

We selected Web of Science, ESI, and OECD classification schemes based on
three considerations: (1) All three are widely used in research evaluation, orig-
inate from the same citation system (Clarivate’ s InCites database), ensuring
data comparability and avoiding cross-system differences (e.g., between Google
Scholar, Scopus, and Web of Science); (2) The schemes represent different granu-
larities—255 categories in Web of Science, 45 in OECD, and 22 in ESI—providing
sufficient distinction; (3) They are all accessible within InCites, enabling consis-
tent data extraction.
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2.2 Citation Data Collection

From InCites, we downloaded all 2013 articles under each classification scheme:
1,495,337 papers from Web of Science, 1,362,619 from ESI, and 1,495,258 from
OECD. The citation window spans 2013-2019, providing six years of citation
accumulation for stable, reliable data while avoiding short-window biases.

2.3 Field Normalization Methods

We compared three representative and operational methods: mean-based,
median-based, and Z-score normalization.

The mean-based method calculates standardized scores as the ratio of raw cita-
tion count to the mean citation count within the same field:

c
m=—

7

where m is the standardized score, ¢ is raw citation count, and p is the mean
citation count.

The median-based method similarly uses the ratio to the field median:

c
m=—

M

The Z-score method incorporates both central tendency and dispersion:

where o is the standard deviation of citation counts in the field.

2.4 Normalization Effectiveness Testing

We assessed effectiveness by examining whether normalized citation distri-
butions approximate a common distribution, using two established methods:
CCDF (Complementary Cumulative Distribution Function) plots and the
top-z% method, widely adopted in prior research. @CCDF plots display
standardized score distributions across fields—greater overlap indicates better
normalization. The top-z% method sorts all papers by standardized score,
selects the global top z%, calculates each field” s actual proportion within
this subset, and compares it to the expected proportion z%. More uniform
distributions (smaller deviations from z%) indicate better normalization.

For a given paper, the CCDF value represents the proportion of papers in its
field with citation counts greater than or equal to its own. For example, if field
M has the citation distribution shown in Table 1, plotting points (0,1.0), (1,0.4),
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and (2,0.1) and connecting them yields the CCDF curve (Figure 2 [Figure 2: see
original paper]).

The top-z% method uses mean deviation (MD) to quantify effectiveness:

1 n
MD==Y"|p, - p|
i

where p;, is the actual proportion from field ¢, p is the expected proportion z%,
and n is the number of fields. Smaller MD values indicate better normalization,
with MD = 0 representing ideal performance.

2.5 Statistical Analysis

We compiled citation counts across the three classification schemes, calculated
descriptive statistics (means, medians, standard deviations), and used Python
to generate distribution plots for effectiveness testing.

3. Results and Discussion

3.1 Comparison of Three Normalization Methods Under Web of Sci-
ence

Python-generated CCDF plots for Web of Science (Figure 3 [Figure 3: see orig-
inal paper]) show that normalized distributions are substantially more conver-
gent than original citation distributions. Although complete ideal convergence
is not achieved, normalization effects are evident, particularly in high-citation
tails where curves show strong overlap. The median method performs well in
low-citation regions above CCDF = 0.5, while Z-score shows advantages in the
“waist” region near (0, 0.4).

To examine subtle differences across citation levels, we applied the top-z%
method at 12 thresholds: z = 1%, 2%, 5%, 10%, 20%, 30%, 40%, 50%, 60%,
70%, 80%, and 90%. Table 2 presents MD values.

For papers below the top 5%, Z-score performs best. Between top 5%-20%, Z-
score is slightly inferior to the mean method, but both outperform the median
method. In the top 30%-40% range, Z-score shows clear advantages, correspond-
ing to the “waist” region in CCDF plots. Above top 40%, the median method
becomes superior, with particularly strong performance above top 50%, con-
sistent with CCDF patterns where curves begin converging around CCDF =
0.5.

3.2 Comparison Under ESI Classification Scheme

To test whether these patterns hold across classification granularities, we exam-
ined ESI scheme performance. Figure 4 [Figure 4: see original paper] shows that
normalized distributions are again more convergent than original distributions.
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Compared to Web of Science, Z-score’ s “waist” effect is more pronounced, and
the median method shows convergence trends beginning at CCDF = 0.4.

Table 3 presents top-z% results. The mean method shows smallest MD values
below top 30%, while Z-score and median methods also perform well (MD <
0.01) at top 1%-2%. At top 30%, median and Z-score methods begin outper-
forming the mean method. Above top 40%, the median method’ s superiority
becomes pronounced, even appearing at top 30% in ESI. While minor differences
exist compared to Web of Science, overall patterns remain consistent across clas-
sification schemes.

3.3 Comparison Under OECD Classification Scheme

OECD scheme results (Figure 5 [Figure 5: see original paper]) again show nor-
malized distributions are more convergent than original distributions, with pat-
terns similar to Web of Science and ESI. Table 4 confirms that Z-score performs
well in top 1% and top 30%-40% ranges, while the median method shows advan-
tages above top 40%, consistent with previous findings. No substantial changes
occur across classification schemes.

3.4 Discussion

Although normalization effectiveness must be implemented within specific classi-
fication schemes, changing classification granularity does not substantially alter
method performance. CCDF curves after normalization are clearly more con-
vergent than original distributions, and these patterns persist across schemes.
Quantitative top-z% analysis confirms that method effects remain basically un-
changed, following consistent patterns: for papers below top 30%, mean and
Z-score methods outperform the median method; in the top 30%-40% range,
Z-score shows particular advantages; above top 40%, the median method is
significantly superior.

These patterns likely stem from method characteristics and citation distribution
properties. The mean-based method uses the average to reflect basic distribu-
tion features but cannot capture dispersion or positional differences. The me-
dian method, based on positional representation, improves representativeness
for the majority of low-to-medium citation papers but lacks sensitivity to ex-
treme values, limiting high-citation performance. Z-score’ s advantage in the
top 30%-40% range corresponds to the proportion of papers exceeding the mean
in most fields.

These findings have practical implications for evaluating Chinese universities’
research impact. Different normalization methods can be applied to different
citation levels: mean or Z-score for high-citation papers, median for low-citation
papers. Aggregating standardized scores can effectively identify high-performing
institutions and guide healthy research development.

Limitations include: (1) We examined only three commonly used classification
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schemes from InCites; future research should include more granularities; (2) We
did not examine Scopus or Google Scholar schemes due to non-source paper cita-
tion differences—addressing these differences represents a future direction. Ad-
ditionally, incorporating newly proposed normalization methods would provide
more comprehensive guidance for “Double First-Class” university evaluation.
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