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Abstract
[Purpose] To analyze the relationship between source indicators and target in-
dicators of academic journals and the resulting impact on journal evaluation.
[Method] Taking mathematics journals from JCR 2015 as an example, canon-
ical correlation analysis was employed to investigate the relationship between
journal source indicators and impact indicators. Results The experimental re-
sults demonstrate that: Eigenfactor is the primary indicator of journal impact;
the correlation between source indicators and impact indicators is significant,
with impact indicators dominated by Eigenfactor showing the highest corre-
lation with publication volume, followed by citing half-life, and then article
selection rate; total citations, cited half-life, impact factor, and impact factor
percentile contribute substantially to Eigenfactor, while other metrics such as
non-self-citation impact factor, 5-year impact factor, and immediacy index con-
tribute relatively less; impact indicators contain more information than source
indicators. [Limitations] The relationship between source indicators and impact
indicators requires further verification. [Conclusion] From the perspective of
multi-attribute journal evaluation, the weight of impact indicators should be
greater than that of source indicators; among impact indicators, it is necessary
to increase the weights of Eigenfactor Score and Article Influence Score, and to
allocate weights reasonably for total citations, cited half-life, impact factor, and
impact factor percentile, while appropriately reducing the weights of non-self-
citation impact factor, 5-year impact factor, and immediacy index.
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Full Text
Abstract
[Objective] This paper evaluates academic journals with the help of their
source indexes and impact indicators. [Methods] We collected data from the
Journal Citation Report (JCR) in 2015 for Mathematics ones, and then con-
ducted canonical correlation analysis with the data. Results Firstly, eigenfac-
tor was the major indicator of the influence of journals. Secondly, the journal
source indexes and impact indicators were significantly correlated with each
other. Thirdly, total citation numbers, citation half-life, journal impact factors
and journal impact factor percentile had higher contribution to the eigenfactor.
Fourthly, impact indicators contain more information than the source indexes.
[Limitations] More research is needed to investigate the relationship between
the source indexes and impact indicators. [Conclusions] The impact indicators
are more important than the source indexes. We need to increase the eigenfac-
tor score and the weight of normalized eigenfactor. We should also decrease the
weights of impact factor without journal self citations, 5-year impact factor and
immediacy index.

Keywords: Academic journals, Source indexes, Impact indicators, Canonical
correlation analysis, Evaluation
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Introduction
In academic journal evaluation, there are two major categories of indicators:
source indexes and impact indicators. Source indexes include metrics such as
citable items, funded paper ratio, citing half-life, regional distribution count,
and international paper ratio. Impact indicators encompass metrics like journal
impact factor, 5-year impact factor, H-index [?], eigenfactor [?], among others.
Impact represents the focal point and essential content of journal evaluation.
Consequently, compared to source indexes, impact indicators are more numer-
ous, more sophisticated in design, and more widely applied, whereas source
indexes are relatively limited in number and lack variation. Investigating the
relationship between journal source indexes and impact indicators helps analyze
the characteristics and patterns of their interrelationship and holds significant
importance for journal evaluation.

Literature Review
Since source and impact indicators constitute two distinct categories involving
numerous metrics, only a few scholars have examined their relationship. For
instance, Yu Liping et al. [?] used medical journals from the Chinese Institute
of Scientific and Technical Information as examples and found that high source
indexes do not necessarily indicate substantial journal impact. While the corre-
lation between source indexes and impact indicators is generally low, it varies
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across different data segments. More scholars have focused on the relationship
between specific source indexes and impact indicators, which can be categorized
into three main groups:

First, studies examining temporal factors such as publication frequency and cita-
tion half-life in relation to impact indicators. Tsay et al. [?] demonstrated that
journals with higher publication frequencies tend to have higher citation fre-
quencies, impact factors, and immediacy indices, often accompanied by shorter
citation half-lives. Sangam [?] found that faster literature growth leads to more
rapid obsolescence and shorter half-lives. Zhou Zhizhong [?] compared the dif-
ferences between cited half-life and citing half-life for library and information
science journals in CSSCI and JCR databases, revealing that foreign journals in
this field have longer cited and citing half-lives that are positively correlated.

Second, research on the relationship between journal citable items and impact
indicators. Huang Mingrui [?] found that journal citable items depend on jour-
nal positioning and the size of the reader-author community, showing signif-
icant positive correlations with both discipline diffusion indicators and disci-
pline impact indicators. Zhao Jinyan [?] employed Spearman rank correlation
and discovered that literature source quantity, regional distribution count, and
institutional distribution count are significantly positively correlated with total
citation frequency, while literature source quantity and average citation count
are significantly positively correlated with comprehensive evaluation scores. Yan
Meijuan [?] conducted statistics on the relationship between citable items and
impact factor/5-year impact factor for 239 neuroscience journals in the 2010
JCR, finding a positive correlation within a certain range. An Mei [?] stud-
ied high-impact engineering journals in Web of Science and found that journals
publishing more papers have relatively stable rankings for both impact factor
and eigenfactor, whereas journals publishing fewer papers often experience sig-
nificant drops in eigenfactor ranking compared to impact factor ranking. Yu
Jianqing [?] concluded that for agricultural university journals, source litera-
ture quantity largely determines the cumulative ranking of source indexes, with
journals having more source literature generally showing higher reference counts,
regional distribution counts, and institutional distribution counts. Liu Yan [?]
argued that journals with earlier establishment dates, larger source literature
volumes, and higher academic quality necessarily have greater academic impact.

Third, studies on the relationship between funded paper ratio and other source
indexes with impact indicators have yielded inconsistent conclusions. Liu
Ruiyuan et al. [?] found that funded papers have significantly higher citation
rates and average citations per paper than non-funded papers, and that journal
funded paper ratio is significantly positively correlated with impact factor,
5-year impact factor, eigenfactor, and reader survey scores. However, other
scholars have reached different conclusions. Wang Qian et al. [?] discovered
no significant correlation between funded paper ratio and impact factor (P >
0.05) for Chinese medical core journals, nor complete correlation with other
journal evaluation indicators. Yan Yan et al. [?] argued that the funded paper

chinarxiv.org/items/chinaxiv-201711.02053 Machine Translation

https://chinarxiv.org/items/chinaxiv-201711.02053


ratio indicator inverts the positions of evaluation subject and object, confuses
logical relationships, creates unfairness for non-funded paper authors, and
suppresses valuable human and research resources, making it unsuitable as a
journal evaluation metric.

Current research shows that academia has begun to examine the relationship
between source indexes and impact indicators, focusing primarily on the relation-
ship between citable items and impact indicators. Studies on the relationship
between citing half-life, funded paper ratio, and impact remain limited, with sub-
stantial disagreement regarding the funded paper ratio’s relationship with im-
pact. Additionally, findings vary due to different research objects and databases,
necessitating further in-depth investigation. Methodologically, existing studies
primarily employ regression analysis, correlation coefficients, and simple sta-
tistical methods, but not canonical correlation analysis (CCA), which analyzes
correlations between multiple variable sets. The impact of source-impact indica-
tor relationships on multi-attribute journal evaluation requires further academic
investigation. This paper uses 2015 JCR mathematics journals as examples to
examine the relationship between source indexes and impact indicators and dis-
cusses implications for multi-attribute journal evaluation.

Research Methods: Canonical Correlation Analysis
This study examines the relationship between academic journal source indexes
and impact indicators, both involving more than two variables, thus addressing
multivariate correlation between two variable sets. Traditional research typi-
cally examines relationships between single source indexes and multiple impact
indicators, which lacks systematic perspective. Additionally, multicollinearity
among journal impact indicators compromises the robustness of findings.

Canonical correlation analysis provides a novel approach to addressing source-
impact indicator relationships. Hotelling [?] proposed canonical correlation anal-
ysis to solve correlation problems between multiple variable sets. Early limita-
tions due to extensive matrix calculations without computer assistance have
been overcome by computational advances since the 1970s.

Let random matrices be 𝑋 = (𝑥1, 𝑥2, ..., 𝑥𝑝) and 𝑌 = (𝑦1, 𝑦2, ..., 𝑦𝑞). To investi-
gate canonical correlations between 𝑋 and 𝑌 , we construct linear combinations
as follows: 𝑏𝑦 + +𝑏𝑦 (text appears fragmented). We seek coefficients 𝑎 and 𝑏
that maximize the correlation coefficient 𝑟 between 𝑈 and 𝑉 , calculated as:

[Mathematical formulas appear fragmented in original]

Standardizing random matrices 𝑈 and 𝑉 yields: 𝑣𝑎𝑟(𝑈) = 𝑣𝑎𝑟(𝑉 ) = 1,
𝑣𝑎𝑟(𝑎′𝑋) = 1, 𝑣𝑎𝑟(𝑏′𝑌 ) = 1, and 𝑐𝑜𝑣(𝑈, 𝑉 ) = 𝑎′𝑐𝑜𝑣(𝑋, 𝑌 )𝑏. The problem thus
transforms into finding coefficients 𝑎 and 𝑏 that maximize correlation coefficient
𝑟 under the constraints of formula (3). This is solved by constructing Lagrange
functions and conducting statistical tests:

𝜒2 = −[(𝑛 − 1) − (𝑝 + 𝑞 + 1)/2] ln Λ, where Λ = ∏𝑘
𝑖=1(1 − 𝜆̂2

𝑖 ), 𝑄𝑖 = −[(𝑛 − 1) −
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(𝑝 + 𝑞 + 1)] ln[...] (formula appears incomplete). If 𝑄𝑖 > 𝜒2, the corresponding
canonical correlation coefficient is considered significant.

Data
This study uses data from the 2015 JCR database for mathematics journals.
The 2015 JCR includes ten impact indicators: Total Cites, Journal Impact Fac-
tor, Impact Factor without Journal Self Cites, 5-Year Impact Factor, Immediacy
Index, Cited Half-life, Eigenfactor Score, Article Influence Score, Average Jour-
nal Impact Factor Percentile, and Normalized Eigenfactor. The three source
indicators are: Citable Items, Citing Half-life, and Articles in Citable Items.
The journal impact factor percentile and normalized eigenfactor were newly
introduced in 2015.

The 2015 JCR mathematics collection contains 312 journals. After removing
journals with missing data, 281 journals remained. Descriptive statistics for
each indicator are shown in Table 1 .

Results
Overall Correlation Analysis

Canonical correlation coefficients and significance tests are presented in Table 2
. 𝑈 represents impact indicators and 𝑉 represents source indicators. Three sets
of canonical correlations are denoted as U1-V1, U2-V2, and U3-V3. The first
and second sets pass Wilks’Lambda test at the 1% level (p = 0.000), while the
third set passes at the 10% level. The first correlation coefficient is highest at
0.830, followed by the second at 0.575, and the third at 0.234, indicating a very
close overall relationship between journal impact and source indicators.

Canonical coefficients for each variable are shown in Table 3 . In the first canon-
ical relationship, eigenfactor score and normalized eigenfactor have the largest
absolute coefficients (–27.828 and 27.181 respectively) among impact indicators,
while citable items shows the largest absolute coefficient (–1.029) among source
indicators, indicating this relationship primarily reflects the correlation between
eigenfactor and citable items.

In the second canonical relationship, eigenfactor score and normalized eigenfac-
tor again show the largest absolute coefficients (157.547 and –157.942) among
impact indicators, while citing half-life has the largest absolute coefficient (–
1.006) among source indicators, suggesting this relationship primarily reflects
the correlation between eigenfactor and citing half-life.

In the third canonical relationship, eigenfactor score and normalized eigenfac-
tor maintain the largest absolute coefficients (1051.399 and –1051.220) among
impact indicators, while articles in citable items shows the largest absolute co-
efficient (0.997) among source indicators, indicating this relationship primarily
reflects the correlation between eigenfactor and articles in citable items.
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Canonical Structure Analysis

Canonical structure analysis calculates canonical loadings, equivalent to weights,
which measure correlations between original and canonical variables while avoid-
ing multicollinearity. Larger absolute loadings indicate greater importance in
explaining canonical variables. Table 4 presents canonical and cross-loadings
for impact and source indicators.

To further analyze each canonical relationship and indicator loadings, we con-
structed canonical factor structure diagrams shown in Figures 1 [Figure 1: see
original paper]–3 [Figure 3: see original paper].

In the first canonical relationship (Figure 1), total cites (–0.818), eigenfactor
score (–0.801), and normalized eigenfactor (–0.801) show the largest absolute
coefficients among impact indicators, while citable items (–0.989) has the largest
absolute coefficient among source indicators, further confirming the eigenfactor-
citable items relationship and demonstrating substantial explanatory power of
total cites.

In the second canonical relationship (Figure 2), cited half-life (–0.431) and im-
pact factor (0.291) show the largest absolute coefficients among impact indica-
tors, while citing half-life (–0.986) has the largest absolute coefficient among
source indicators. This primarily reflects the eigenfactor-citing half-life relation-
ship, with cited half-life and impact factor contributing substantial explanatory
power.

In the third canonical relationship (Figure 3), cited half-life (0.678) and impact
factor percentile (–0.281) show the largest absolute coefficients among impact
indicators, while articles in citable items (0.977) has the largest absolute coef-
ficient among source indicators. Although this reflects the eigenfactor-articles
in citable items relationship, cited half-life and impact factor percentile provide
substantial explanatory power.

Redundancy Analysis

Redundancy analysis assesses the overall explanatory power of the canonical cor-
relation model, as shown in Table 5 . For impact indicators, the three canonical
relationships explain 19.8%, 4.8%, and 6.1% of variance respectively (totaling
30.7%), with source indicators explaining 13.6%, 1.6%, and 0.3% respectively.
The self-explanation level is relatively low, with the first canonical relationship
showing the highest explanatory proportion.

For source indicators, the three canonical relationships explain 33.1%, 34.6%,
and 32.3% of variance respectively (totaling 100%), with impact indicators ex-
plaining 22.8%, 11.5%, and 1.8% respectively. The self-explanation level is very
high across all three relationships.

Thus, journal impact indicators contain substantial information not reflected
by source indicators or themselves, while source indicators contain all their own
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information plus limited information from impact indicators.

Discussion and Conclusions
1. Eigenfactor is the primary indicator of journal impact. Our empir-

ical study demonstrates that across all three canonical relationships, im-
pact indicators primarily reflect contributions from eigenfactor score and
normalized eigenfactor, indicating eigenfactor’s crucial position among
impact indicators. This fundamentally stems from eigenfactor’s charac-
teristics: it uses a PageRank-like iterative algorithm to calculate journal
weight impact values, ensuring synchronization between citation quantity
and quality. Journal evaluation should increase the weight of eigenfactor
score and normalized eigenfactor.

2. Significant correlation exists between source and impact indi-
cators. Journal impact and source indicators show significant correla-
tions, with eigenfactor-based impact indicators correlating most strongly
with citable items (0.830), followed by citing half-life (0.575), and finally
articles in citable items (0.234). Many studies have found strong corre-
lations between citable items and impact indicators, which our research
supports. A newer citing half-life indicates more current information and
faster knowledge updating, facilitating more citations. Higher articles in
citable items ratio means a higher proportion of effective papers as citation
sources, naturally leading to greater citation impact.

3. Certain impact indicators contribute substantially to eigenfac-
tor. Across the three canonical relationships, total cites, cited half-life,
impact factor, and impact factor percentile contribute significantly to
eigenfactor, whereas impact factor without journal self cites, 5-year im-
pact factor, and immediacy index contribute minimally. Therefore, jour-
nal evaluation should emphasize eigenfactor weight while appropriately
allocating weights to total cites, cited half-life, impact factor, and impact
factor percentile, and reducing weights for impact factor without journal
self cites, 5-year impact factor, and immediacy index.

4. Impact indicators contain more information than source indi-
cators. Redundancy analysis reveals that impact indicators contain sub-
stantial information not captured by source indicators or themselves, while
source indicators contain all their own information plus limited informa-
tion from impact indicators. This demonstrates that impact indicators
carry greater information volume, source indicators carry less, and de-
spite their correlation, neither can substantially explain the other, indi-
cating they are not interchangeable. Therefore, impact indicators should
carry greater weight than source indicators in journal evaluation.

This study provides in-depth analysis of the relationship between journal source
and impact indicators using JCR mathematics journal data, advancing under-
standing of their effects on journal evaluation. Methodologically, it offers a new
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approach based on canonical correlation analysis, with practical implications
for weight assignment in journal evaluation metrics. Due to variations across
databases and indicators, further research is needed to explore relationships be-
tween source and impact indicators for different academic journals. This paper
provides one research paradigm.
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